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"WHAT YOU SEE IS WHAT YOU GET" 
OR 

HOW TO MAKE A PROPER F-CONNECTOR 

Donald Dworkin 

United Artists Cablesystems Corp. 
Technology Center 

ABSTRACT 

The most widely used part of a 
CATV system undoubtedly is the 
F-connector~ yet consistent, accurate 
information on the correct preparation 
of its center conductor length is 
usually lacking. 

Here, we take a careful look at 
the connector--jack assembly and note 
the changes over the years. We 
propose a standard for the center 
conductor length which will eliminate 
a significant number of field failures. 

THE F-CONNECTOR PROBLEM 

One of the things we all absorb 
from the first day we get involved 
with CATV is that we are dealing with 
a SYSTEM. In practical terms this 
means that EVERY PART must work, 
without exception, no matter how small 
for the whole system to work. Every 
tech can tell us horror stories about 
the loose screw or the cracked washer 
which caused an entire system outage. 
Let us, then, examine one aspect of 
the reliability of what is probably 
the single most commonly used 
component in the CATV system 
namely, the F-connector. 

After all, tens of millions are used 
each year. A generic fault would have 
major consequences in CATV. Our 
susp1c1ons are aroused when we look 
through the log books of the systems' 
repair crews. If we count the 
percentage of trouble calls due to 
F-connectors, we find anywhere from 25 
to 90 percent of all repairs are to 
tighten "loose" connectors or to 
re-make an intermittent or open one or 
wrench-tighten a termination. 

When we found the same problem on 
our laboratory bench, we , took the 
opportunity to look into it 
carefully. After all, it is the lowly 
F-connector which brings the RF signal 
from our carefully constructed system 
from the tap, through the ground block 
to the subscriber's TV set. Every 
single one of these connections must 
make secure and reliable electrical 
contact, regardless of temperature, 
wind or rain, or, as far as the 
subscriber is concerned, the system is 
down. 

Adding to the problem is the fact that 
widely varying instructions as to what 
length to cut the center conductor 
exist among technicians. These range 
all the way from slightly below flush 
to 1/16" above flush and no idea of 
what the tolerance should be. 

Let's start by examining precisely 
how the F-connector center contact is 
supposed to work by looking at Fig. 1, 
which shows a cross-sectional view of 
the female or port connector. In the 
center is shown the two contacting 
springs which, at their closure point, 
are supposed to make the connection 
with the center conductor of the male 
F-connector. As the male connector, 
shown in Fig. 2, is threaded onto the 
port, the center conductor is carried 
to meet the spring contacts' closure 
point. 
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Obviously, only if the center 
conductor is long enough will it 
penetrate the spring contacts' closure 
and establish a reliable pressure 
contact. 

To see exactly how well and how 
reliably this works, we set up a 
simple test, as shown in TABLE 1. We 
counted how many half-turns 
(approximately 180 degrees hand/wrist 
rotation) it took to have a 
termination make contact. We cut the 
center conductors of the terminators 
to four lengths, 0 or flush, 1 mm. or 
0.04", 2.5 mm. or 0.10", and 4 mm. or 
0.16". we used 5 well-known tap 
brands and found that all of them took 
between 6 1/2 to 7 turns to "bottom• 
the male connector. This is 
graphically shown in Fig. 1 by the 
bracket labeled "6 1/2 turns.• 

The first column of the test, 0 or 
flush, shows that the distance which 
the male connector travels axially is 
about equal to the distance from the 
contact closure to the outside of the 
port. This is shown by the fact that 
three of the 9 sample did not make 
contact at all, ( N/C); three just 
barely did (7 turns which is 
bottomed)· while four did make contact 
in 5 turn~. Out tests confirm that if 
the center conductor in the male 
F-connector is cut off flush with the 
outer shell face, it will have only 
just about reached the contact closure: 

ONLY THE LENGTH OF CENTER 
CONDUCTOR PROTRUDING ABOVE THE SHELL 
FACE MAKES CONTACT WITH THE CLOSURE 
POINT. In other words, "what you see 
is what you get." 

Depending upon tolerances, the 
center conductor, if cut flush with 
the shell face, may not contact the 
closure point at all, or might just 
touch without penetrating the closure 
point fully, thereby causing a lack ?f 
spring pressure on the contact. Th1s 
is a condition which would cause an 
open or intermittent contact 
especially in cold weather when the 
cable would pull back. 

Even if the center conductor were 
cut 1/16" above the shell face, as 
advised by most people, we found that 
the average penetration of the contact 
closure was only about 0.06", That 
much •grip" does not provide for a 
reliable connection given the 
mechanical and temperature stresses 
which the connection is subject to. 
F-connectors are notorious for 
looseninq up which causes pull-back on 
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the center conductor. Even corrosion 
might turn such a marginal connection 
into an intermittent one on a freezing 
night. No wonder that the repair logs 
show so many connectors being 
tightened or re-made: 

A good rule to follow in setting 
the proper length of center conductor 
to cut is contained in "what you see 
is what you get. • Once this is 
explained to the technicians as the 
length protruding beyond the shell, 
their judgement will pick a reasonable 
length. 

Our recommendation is that the 
center conductor should be cut between 
1/8" to 1/4" beyond the shell. There 
is no danger from a conductor cut to 
these lengths; to the contrary, the 
extra length guarantees additional 
contact with the springs, as can be 
seen from Fig. 1. Every technician 
should understand that what is to be 
avoided are the barely-made 
connect ions which cause the system so 
much unnecessary cost and the 
techniciansso much unnecessary trouble. 

HISTORICAL NOTE 

For more than curiosity's sake, we 
traced the probable history of the 
connector and its drift to its present 
unsatisfactory state. 

About 1980, a leading CATV 
manufacturer introduced the internal 
sealing boot which sealed the jack 
against moisture penetration on their 
taps. They carefully positioned the 
spring and collet assembly back from 
the internal boot so that they did not 
interfere. Otherwise the spring would 
have been prevented from closing 
freely on the center conductor; note 
Fig. 1 "planned clearance of 
tolerance extremes. • But, through the 
years, other companies adopted the 
same type of internal boot with 
slightly different designs, clearances 
and tolerances, This explains the 
wide variety of contact-turns listed 
in Table 1. 

The standard we have proposed will 
provide a satisfactory contact with 
all the different types of F-type 
jacks. 
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Figure 2 : Typical "F" Fitting Assembled. 
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A POINT-TO-MULTIPOINT 
FIBER OPTIC CATV TRANSPORT SYSTEM 

FOR THE CITY OF CLEVELAND, OHIO 

William C. Brinkerhuff, Ohio Bell Telephone Company 
Israel M. Levi, Catel Telecommunications, Inc. 

ABSTRACT 

The use of fiber optic analog FM trans
mission in point-to-point CATV trunking 
applications is now well established 
and widespread. Owing to advances in 
single-mode fiber and device techn
ologies, and the maturing of single
mode optical coupler manufacturing, it 
is now technically sound and econom
ically attractive to implement point
to-multipoint CATV trunking on fiber in 
multiheadend/hub systems. 

In this paper, we describe the Cleve
land, Ohio, multiheadend/hub topology, 
the pros and cons of analog FM versus 
digital systems, fiber plant and 
headend/hub design considerations, and 
end-to-end performance of the installed 
system. 

This system was manufactured and in
stalled by Catel Telecommunications, 
Inc., of Fremont, California, for Ohio 
Bell Telephone (OBT), an AMERITECH 
company. 

INTRODUCTION 

The Ohio Bell Telephone Company is 
constructing a CATV system for the 
North Coast Cable Company, Ltd. , the 
City of Cleveland CATV franchise 
operator. 

The multichannel fiber optic trunking 
system and the headend/hubs will be 
owned, operated, and maintained by OBT. 
When complete, the CATV system will 
serve approximately 220,000 dwelling 
units. The ultimate objective for any 
CATV system design is to deliver and 
maintain high quality signals to all 
subscribers. Today's wide deviation 
FM-FDM fiber optic transport systems 
offer virtually transparent transmis
sion of video, audio, and data for 
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distances of more than 20 miles without 
repeaters. 
Point-to-multipoint fiber systems can 
be configured in "star" or "tree" 
topologies such that high quality 
signals are carried deep into popula
tion centers, thus avoiding the need 
for long amplifier cascades in the 
distribution trunks. This design 
approach minimizes signal degradation, 
and enhances network reliability and 
availability. 

The Cleveland system, believed to be 
the largest multiheadend fiber optic 
CATV point-to-multipoint system of its 
kind, was designed with those objec
tives in mind. It consists of one main 
headend and six regional headend/hubs 
(See Figure 1). 

The initial design capacity (including 
future expansion) is for eighty-eight 
NTSC video channels and BTSC stereo TV 
or monaural program audio channels, 
together with thirty-five off-air 
broadcast FM radio signals, nine RS232C 
data channels, and an emergency alert 
control signal to be multiplexed and 
transmitted downstream on six optical 
fibers from the main headend to the six 
regional headend/hubs. In addition, 
there is sufficient bandwidth left for 
future new services. 

In the upstream direction, up to twelve 
NTSC video channels and BTSC stereo TV 
or monaural program audio channels, 
together with nine RS-232-C data chan
nels, are multiplexed and transmitted 
on one fiber from the regional head
end/hubs to the main headend. In 
addition, two spare fibers (one for 
each direction) are available for 
maintenance purposes. Utilizing wide 
deviation FM-FDM techniques, similar to 
satellite video transmission, the 
Cleveland system offers integrated 
multiple services with capacity, 
flexibility, performance, and costs 
that are beyond the reach of today 's 
digital systems. 
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FIGURE 1 CITY OF CLEVELAND CATV HEADEND AND HUB SITES 

ANALOG VERSUS DIGITAL--THE SELECTION 
PROCESS 

Modern CATV trunking systems have 
evolved into fully developed, in
tegrated, multiple-service networks of 
high capacity, and great versatility 
and flexibility. We find that as 
technology advances and new services 
are introduced, it becomes necessary to 
accommodate a wide variety of signals, 
ranging from complex analog to simple 
data, on the same network. This must 
be done economically and without 
impacting the existing ongoing ser
vices. The viability of a given 
system, be it analog or digital, must 
therefore be examined with those 
considerations in mind. 

In July 1986, OBT issued a Request for 
Proposal (RFP) detailing the require
ments for the fiber optic system that 
will be discussed in this paper. 
Suppliers were requested to submit 
their proposals on an "engineer, 
furnish, and install" basis, uti 1 izing 
their system features to the fullest 
advantage. All proposed systems, 

analog and digital alike, were eval
uated from both technical and economic 
standpoints. 

The basis for OBT • s evaluation, which 
took place in the latter part of 1986, 
was the ten-point requirements sum
marized in Table 1. 

Economically, the systems were judged 
using the "lifecost" analysis, which 
considers such economic factors as (a) 
system cost, (b) spare parts, (c) 
engineering charges, (d) installation 
charges, (e) software charges, (f) 
power requirements, (g) test equipment 
requirements, (h) failure rates, (i) 
shipping costs, (j) repair costs in and 
out of warranty, and (k) training 
costs. 

Technical ranking was done on (a) 
specifications and features per items 1 
through 9 of Table 1; and (b) hands-on 
verification tests that simulate 
operating conditions similar to the 
"real-life" system. The results of 
OBT's evaluation (see Table 1) indicate 
that on eight counts out of ten, analog 
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FM is the 
digital. 

preferred choice over 

Undoubtedly, the :future o:f telecom
munications is with digital, and it 
will eventually prevail. However, 
digital CATV transport systems will 
only become viable when a total system 
design approach is undertaken, agreed 
standards are adopted, and cost becomes 
competitive. 

Table 1 -- OHIO BELL EVALUATION, DIGITAL VERSilS ANALOG 

Item Require ... nta Choice C-nts 

1. JllaXiiiiUIIl channel Analog 1e video ob/!iber analog: 
oapaoity 8 video ob/!iber digital 

witb 6e6 NB/S bit rate 

2. RS-260-B Analog Video BNR better than e6 4B 
medium-haul analog and eo 4B digital 
or better witb 8-bit encoding and DPCK 

3. AocOIIIIIIOCla te Analog Digital could not handle 
BTSC format signal format 
stereo or 
monaural 
audio 

'· AooOIIIIIlOdate Analog Digital oould not handle 
broadcast signal format 
FX radio 
channels 

6. AooOIIIIIlOdate Analog Digital requires either 
bidirectional individual fibers !rom 
RS-232-C eaoh hub to beadend ~or 

up8tream data or "drop 
and. insert" repeaters 

e. Controls. Digital Digital is inherently 
monitors, easier to troubleshoot 
and alarms and. maintain, oorapared. 
for main- to analog 
tenanoe 

7. Upgrading Analog Digital is rigid and 
!lex1'b111ty in!iexi'ble to upgrades: 

analog FDN is inherently 
flezible to upgrades 

8. Distances Either Analog can span ~26 miles 
per Fig. 1 without repeaters: the 

advantage o! digital is 
in long-hauls o~ over 50 
miles, where signals can 
be regenerated without 
loss o! quality 

g, AcooiiiiiiOd.ate Analog Same as 6 
upstream 
tranBIIIission 

10. NiniiiiUIIl Analog Digital systems are 
"lifeoost" for currently more costly 
con~plete system 

MULTIHEAD/HUB TOPOLOGY 

As a provider o:f local telephone 
service to the City o:f Cleveland, Ohio 
Bell has had a unique advantage in 
selecting the optimum locations :for the 
CATV headend and hubs. Naturally, they 
were placed in the telephone central 
o:f:fices, which are strategically 
located in the population centers 
throughout the city. Figure 1 depicts 
the city map, and the location o:f the 
satellite earth station and main 
headend :facility (at Lakeside), as well 
as the six hubs in the telephone 
central o:f:fices (at Clearwater, 
Melrose, Shadyside, Michigan, Garfield, 
and Glenville). 
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The satellite earth station and the 
equipment associated with the signal 
:feeds are owned, operated, and main
tained by North Coast Cable Company. 
The signals that :feed the entire CATV 
system (except upstream transmission) 
come :from the North Coast Lakeside 
:facility in the same building as the 
main headend. 

At the time o:f activation in December 
1987, there were thirty-seven C-band 
satellite TV receive signals, ten o:f:f
air TV channels, thirteen locally 
generated TV signals, thirty-:five 
processed broadcast FM radio channels, 
and an emergency alert control signal. 
Nine add! tiona! bidirectional data 
channels were provided :for monitoring 
and control o:f modulators, encoders, 
and trunk amplifiers. There were also 
:four video and audio channels :for 
transmission :from each hub to the main 
headend. 

In any system o:f this size and complex
ity, there are numerous :feasible 
configurations o:f both :fiber routing 
and channel loading. The :following 
cr iter !a were considered to determine 
those parameters: 

• Maximize reliability and system 
availability. 

e Provide an all-passive :fiber plant. 

• Minimize the number o:f :fibers per 
cable, the number o:f cables, and 
the total system :fiber kilometers. 

• Minimize 
splices. 

the number o:f :fiber 

• Provide equal optical signal power 
at all hubs. 

e Maximize expansion capabilities :for 
both channel capacity and addi
tional new services. 

e Provide a virtually 
point-to-multipoint 
system. 

transparent 
transport 

• Maximize system loss margin. 

• Minimize "li:fecost." 

Figure 2 shows the chosen link top
ology, which is identical :for both 
downstream and upstream transmission. 
The network consists o:f two FM trunks, 
east and west o:f Lakeside. The west 
trunk services the Clearwater, Melrose, 
and Shadyside hubs; the east trunk 
services the Glenville, Garfield, and 
Michigan hubs. Optical couplers are 
installed at the main :facility to 
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FIGURE 2 CITY OF CLEVELAND CATV FIBER OPTIC PLANT 
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FIGURE 4 : REGIONAL HEADEND/HUB SYSTEM CONFIGURATION 
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split/combine the signals for transmis
sion to and from the east and west 
hubs. Additional optical couplers are 
used at Garfield and Melrose to provide 
further signal splitting/combining to 
and from the remaining hubs. 

Initially, there are six active fibers 
for each of the east and west trunks. 
Five are for downstream transmission, 
and one is for upstream transmission. 
Each fiber can carry a minimum of 
fourteen video and audio channels, as 
well as other services such as broad
band (Ethernet) LAN, T1, T2, order
wire, telemetry, and so forth. 

Figures 3 and 4 depict the main headend 
and regional headend/hub system 
configurations, respectively. 

FIBER PLANT DESIGN 

In general, the fiber plant design must 
meet both bandwidth and loss require
ments of the system. The electrical 
bandwidth BW of the laser/fiber 
combination for a single-mode fiber is 
given by (1). 

0.187 
BW = 

D X~ XL 

where 

D is the total (chromatic plus 
waveguide) fiber dispersion 
in ps/nm and km 

~ is the RMS (root mean square) 
value of the laser diode 
spectrum in nm and 

L is the length of the fiber in 
Jon. 

(1) 

An InGaAsP Fabry-Perot laser has a 
typical ~ of 3 nm, and the fiber 
dispersion in a ±10 nm window around 
1300 nm is from 0 to 3 ps/nm x km. A 
worst-case design must account for 
spread in laser center wavelength from 
unit to unit, as well as long-term 
wavelength drift due to aging. 
Conservatively, we will assume a 
wavelength shift of 10 nm, resulting in 
a maximum dispersion of 3 ps/nm x km 
and a calculated bandwidth distance 
product of 21 GHz x km. The longest 
link in our system is approximately 15 
km; the minimum available bandwidth is 
therefore 1.5 GHz. Since the required 
system bandwidth is 550 MHz, the fiber 
link bandwidth is clearly not a 
limiting factor. 
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Next, we will address fiber plant loss 
and the system loss budget. Total 
fiber plant loss AT in dB is given by 
(2). 

where 

is total fiber loss 

is loss due to splices 

is loss of optical couplers 
due to coupling ratios 

is excess loss of the optical 
coupler and 

is loss 
connectors. 

due to optical 

The fiber plant parameters and 
data in Table 2 are based on 
following assumptions: 

(1) Maximum fiber attenuation at 
1300 nm is 0.5 dB/km. 

(2) Maximum splice (fusion) loss 
is 0.2 dB. 

Table 2 -- FIBER PLANT DATA 

LAKESIDE TO 

Parameter !ICHGII GRFLD GLNVL SHDSD JIILIIS 

Dlstanoe (kill) 9.94 9.70 16.67 11.28 8.90 

Fiber Loss 4.97 4.85 7.86 6.6t. t..46 
~(dB) 

Jllain Couplers 24.00 76.00 76.00 28.00 72.00 
CR (") 

Ma.ln Couplers 6.20 1.20 1.20 6.63 1.43 
A~ (dB) 

Melrose Coupler -- -- -- -- 35.00 
~ (") 

Jllelrose Coupler -- -- -- -- 4.56 
A~ (dB) 

Garfield Coupler -- 33.00 67.00 -- --
~(") 

Gar:f leld Coupler -- 4.81 1.7t. -- --
A~ (dB) 

Couplers EL (dB) 0.10 0.20 0.20 0.10 0.20 

Spllce Losses 0.80 1.20 1.20 0.80 1.20 
As (dB) 

Connec'tor Losses 1.00 1.00 1.00 1.00 1.00 
AC (dB) 

Total Loss 13.07 13.26 13.111 13.27 13.0t. 
~(dB) 

Jllleasured Average 10.60 10.60 10.40 10.90 10.40 
Loss An (dB) 

Jlleasored Maximum 11.00 10.90 10.80 11.10 10.80 
Loss Ax.u: (dB) 

Jlleasl.lred JllinilllUID 10.20 10.00 10.00 10.40 9.90 

Loss ~IN (dB) 

(2) 

loss 
the 

CLWT~ 

14.. 38 

7.19 

72.00 

1..43 

65.00 

1.87 

--

--

0.20 

1.20 

1.00 

13.09 

10.50 

10.90 

10.10 



(3) Couplers are fusion spliced 
directly to the fiber cable. 

(4) Excess loss of couplers is 
0.1 dB. 

(5) Connector loss allowance is 
0.5 dB. 

To equalize the path losses, the 
coupling ration CR is calculated from 
Equation (3). 

CR 

l:J.A 
10 10 

l:J.A 
1 + 10 10 

(3) 

where l:J. A is the dB difference in the 
path losses. 

From Table 2 we observe that, indeed, 
total loss AT from headend to each hub 
is equalized with less than 0.5 dB. 
Also, measured average loss ATM of the 
link is consistently lower than 
calculated loss by approximately 2.5 
dB, which is typical for worst-case 
designs. These lower losses are at
tributed mainly to lower fiber loss and 
lower splice and connector losses 
achieved by careful selection of 
components and high quality installa
tion. To avoid losses due to dissimilar 
fibers, the pigtails, patchcords, and 
couplers were made of the same type of 
fiber as the cable. The cable was 
pulled in long sections without 
intermediate splices, except for one at 
the Gehring facility. The optical 
connectors used are a physical contact 
(PC) type , which were chosen to 
minimize back reflections. For the 
same reason, fusion splicing was used 
rather than mechanical splices. 

SYSTEM LOSS BUDGET 

The system loss budget can now be 
determined from Figure 5, which depicts 
the weighted video signal-to-noise 
ratio (SNRw) as a function of received 
optical power/transmission distance for 
sixteen channels per fiber loading and 
4-MHz deviation, with sync tip· to peak 
white (STPW) preemphasized video. The 
data in Figure 5 was obtained experi
mentally, by measuring several trans
mitter-receiver pairs. Typically, 
there is a 2- to 3-dB difference in 
SNRw between the best and the worst 
channel. For the purpose of the loss 
budget calculation (see Table 3), we 
have used the worst-channel data and 

the 60-dB SNRw as a minimum require
ment. The resulting system gain is 20 
dB with 2 dB of allocated margin, and a 
remaining unallocated system margin of 
6. 7 dB minimum for a total of 8. 7 dB 
calculated system margin. The actual 
installed system margin is 10.7 dB 
minimum, and the operating region is on 
the flat part of the SNRw curve. 

The flat SNRw section of Figure 5 is 
characterized by the relative intensity 
noise (RIN) of the link, which includes 
the laser, the fiber plant, and the 
detector. In this region, the per
formance of the system is maximized, 
and typically meets RS-250-B short-haul 
requirements. To realize this very 
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Table 3 -- SYSTEK LOSS BUDGET 

A. Transmitter output power (min) 

B. Receiver input power (min) 

C. System gain (A-B) 

D. Allocated Jllargin f'or Equipment 
(temperature, aging, eto.) 

E. Allocated margin for fiber plant 
(splices, connectors. etc.) 

F. Totai allocated margin (D+E) 

G. System gain with allocated margin (C-F) 

H. Total Loss ~ f'rom Table 2 

I. Unallocated system margin (G-H) 

J. Measured maxiraum loss ~ f'rom Table 2 

K. Unallocated actual system margin (G-I) 

L. Total calculated system margin (F+I) 

N. Total actual system margin (F+K) 

da-. 
IIEWVEJ PII\I[R 

Ill KM 
oV'I'IiiiX. DISTAII::E 

POVER 

-2.0 dBIII 

22.0 dBIII 
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high system performance, one must 
choose a laser that is relatively 
insensitive to back reflections, and 
has low RIN and mode partitioning noise 
characteristics. Furthermore, the back 
reflection f'rom splices, connectors, 
and the fiber-to-detector interface 
should be minmized. 

HEADENPIHUB PESIGN 

The f'iber/FJII headend and hub diagrams 
are shown in Figures 6 and 7, respect
ively. The system was initially 
equipped with f'ive groups of' twelve 
video/audio channels per f'iber, f'or a 
total of' sixty channels. The thirty
five broadcast FJII radio channels are 
processed (frequency translated and RF 
level equalized) and transmitted on 
f'iber number one, together with their 
video/audio channels. The frequency 
plan f'or downstream transmission is 
shown in Figure SA. Spacing between 
the video/audio channels is 34 MHz, and 
400 kHz between the FJII channels. All 
video input and output signals are NTSC 
baseband nonscrambled. The audio 
interfaces are at 4. 6 MHz with either 
BTSC stereo TV or monaural formats. In 
order to preserve the high quality 
(SNR, separation, etc.) of' both the 
video and the audio, the 4.6 MHz audio 
is frequency doubled bef'ore it is 
combined with the video baseband 
signal. This results in twice the 
deviation and a 6-dB SNR improvement, 
negligable crosstalk between video and 
audio (and vice versa), and the means 
to easily separate the video and audio 
at the receive sites. 

The composite video/9-MHz audio signal 
f'eeds a low phase-noise linear FJII 
modulator. The deviation (adjustable) 
was set to 4 MHz STPW, which is the 
best compromise between channel spacing 
and SNR. Frequency agile converters 
(adjustable in 1-MHz increments) and 
passive RF combiners provide frequency 
division multiplexing (FDM) to the RF 
carriers. The combined FJII-FDM signal 
is split into two identical signals, 
which f'eed the east and west trunk 
optical transmitters. 

Frequency shif't keying (FSK) data 
modems are used to transmit the nine 
RS-232-C data channels and the emer
gency alert control signal on f'iber 
number two, together. with the second 
group of' twelve video/audio channels. 
Currently, f'ibers three, f'our, and f'ive 
carry twelve video/audio channels each. 
In the upstream direction, the signals 
f'rom three transmitters are optical! y 
combined on one f'iber f'or each east and 
west trunk. The frequency plan f'or the 
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upstream transmission is depicted in 
Figure 8B. All six hub sites are 
identical in design; each receives all 
the channels from the headend and 
transmits four video/audio channels and 
three RS-232-C data channels 

The 5 to 40 111Hz band is reserved for 
future new services such as orderwire. 
Tl or T2. broadband LAN. and alarm 
remoting. The optical transmitters/re
ceivers and the FM modulators/demodu
lators provide the alarm outputs that 
can be transmitted to the main headend 
via the upstream fiber link. 

NOTESI 

l. FM IS TRANSMITTED ON FIBER No. 1 ONLY. 

2. DATA IS TRANSMITTED ON FIBER No. 2 <DOIJNSTREAM) AND 
No. 6 <UPSTREAM). 

3. AUDIO IS TRANSMITTED ON 9 MHz SUBCARRIER ABOVE VIDEO. 
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SYSTEM PERFORMANCE 

The Cleveland system was designed to 
provide near short-haul EIA RS-250-B 
performance. and a guaranteed medium
haul performance. Back-to-back 
(without the fiber optics). the video 
SNRw is in excess of 73 dB. The 
video/audio parameters (except SNR) are 
not affected by the broadband fiber 
link which is virtually transparent to 
frequency modulated signals. The only 
degradation mechanisms are additive 
broadband and intermodulation noise. 
The advantage of wide deviation FM is 

in its immunity to 
intermodulation noise. 
is given by (4). 

broadband and 
The video SNRw 

B•r 1.6 AF 
SNRw=K+CNR+10lo~+20log Br (4) 

where 

K is constant ("'23.7 dB) made 
of weighting network. 
de emphasis. and rms to p-p 
conversion factors 

CNR is carrier-to-noise radio in 
the IF bandwidth 

B1P is IF bandwidth 

BP is baseband filter bandwidth 
and 

AF is sync tip to peak white 
(STPW) deviation. 

NTSC 
Video 

Audio 

With AF = 4 111Hz. B•r = 30 111Hz and Br = 
5 111Hz. the SNRw is improved by ap
proximately 34 dB above CNR. 

The end-to-end performance of a typical 
video/audio channel is shown in Table 
4. The short-haul specifications are 
included for comparison purposes. The 
histograms of the video SNRw are 
included in Figure 9. 

Table ' -- CLEVELAliD F/0 TJIAIISPORT SYSTEII 
TYPICAL END-TO-END PERFOMAIICE 

lleasured 
Parameter Requirement Value Short-Haul 

Jllultiburst 0.5 .s.:I:0.25 dB 0.0 dB .s_:I:0.10 dB 
Jllultiburst 1.0 .s.:I:0.~5 dB -0.2 dB .s.:I:0.15 dB 
Jlluitiburst 2.0 .s_:I:0.50 dB -0.~ dB <:1:0.15 dB 
Jllultiburst ~.0 .s.±o.eo dB -0.1 dB <:1:0.20 dB 
Jllultiburst ~.58 .s.:I:0.~5 dB 0.1 dB <:1:0.10 dB 
Jllult1burst '·2 .s.±o.eo dB 0., dB <:1:0.20 dB 

C/L Gain .s.:l: ,.0 IRll 1.0 IRJI .i:l: 1.0 IRE 
C/L Delay .i:l:~~.o nsee 10.0 naeo .s,::t20.0 nseo 

DIFF Gain .i 15.Qll 0.57~ .s.2.0ll 
DIFF Phase .i:l:l.~· o.,e• _i0.5° 

Field Time _i~.O IRJI 1.0 IRJI .s.~.o IRB 
Line Time .s_l.O IRE 0., IRJi: .s_0.5 IRE 
Short Time .s.,.o IU 2.8 IRJi: .i'·O IRE 
Lens Time _i8.0 IRE 1.0 IRJi: .s.B.O IRE 

C/L Inter1110d .s_2.0ll -111.,~ .s,1.o• 

C Nonlinear Gain _i2. Oll o.Oll .il. Oll 
C Nonlinear Phase <2.0° o.o• .s,1.o• 

S/N Weighted 1.eo.o dB e7.7 dB >e7.o dB 

THD .i 1.0~ 0.2~ .il.Oll 

S/N >es.o dB e7.o dB >ee.o dB 
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In conclusion. the Cleveland system 
fully meets. and in most cases exceeds. 
the design requirements and performance 
expectations. 
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A PRACTICAL APPROACH TO AIRBORNE SIGNAL LEAKAGE TESTING (CLI) 

Bill Park & Collin Mcintyre 

Cablesystems Engineering 

ABSTRACT 

over the past three years, a 
development program has been undertaken 
to design, construct and calibrate an 
equipment package suitable for airborne 
signal leakage measurement. The Final 
Report of the Federal Communications 
Commission, Advisory Committee on Cable 
Leakage, issued November 1, 1979, 
outlined the basic parameters in testing 
cable television systems for cumulative 
leakage. The conclusions and 
recommendations of this report were based 
on airborne test results primarily from 
small cable systems. This paper will 
focus on a practical approach to airborne 
testing. 

At the time of writing, systems 
ranging in size from 2,000 subscribers in 
6 square miles of plant, to 250,000 
subscribers in 400 square miles have 
been tested. In the final development 
stage, more than 100 hours of flight time 
was logged in verifying equipment 
performance, calibration and methodology 
of airborne testing. A specific 
calibration method and testing procedure 
has been documented, to ensure 
standardization of airborne measurements. 

These airborne signal leakage 
measurement packages are now being used 
on a regular basis to test cable plant. 
Test results from selected flyovers will 
be presented with this paper. 

INTRODUCTION 

Cumulative signal leakage is a 
field of radio frequency energy, 
exhibiting no distinct plane of 
polarization, existing in the airspace 
above an active cable television system. 
The airborne signal leakage 
specification, as defined by the FCC, 
requires a maximum leakage criteria of 10 
uVjm at 1,500 ft. altitude (450 m) above 
a cable system. To better understand 

this test method, visualize thousands of 
very small leaks from the system, without 
any specific relationship to each other, 
and all interacting on the input of an 
airborne receiver. The requirements for 
receiving and measuring this type of 
signal are significantly different than 
for conventional communications receiving 
apparatus. While most receiving 
applications are intended to preselect 
one specific communication, this systelT 
must recognize and collectively measure a 
multiplicity of signals. The equipment 
to measure such a group of signal sources 
must have very precise specifications. 
While the allowable level of signal 
leakage at 1,500 ft. above the cable 
systems is 10 uVjm, one should not 
assume that this is the threshold level 
for measurement. The equipment ··must have 
a dynamic range substantially above and 
below this level. Furthermore, any 
measurement taken within these parameters 
must be linear. The receiver must also 
be capable of withstanding severe 
overload, as may occur should a pilot 
accidentally transmit on the monitored 
frequency. The desired signal may, at 
times, be almost buried in the noise 
floor of the receiver, so stability and 
selectively are extremely important 
design considerations. The ultimate 
capability of the collection package must 
accommodate precise calibration 
repeatability to guarantee the accuracy 
of testing. 

AIRCRAFT CHOICE 

After experimenting with different 
aircraft, it was found necessary to set 
down selection criteria for the type of 
aircraft, receiving equipment and 
antennas. To avoid any compromise on the 
selection of the aircraft type, the 
following criteria were established. 

1. The aircraft should be a high 
wing aircraft with good downward 
visibility. 
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2. The aircraft must be reliable, 
readily available and capable of 
instrument flight as well as visual 
flight. 

3. It should be relatively simple 
to fly, have a reputation as a well 
behaved aircraft at low altitude and have 
excellent gliding characteristics. 

4. Operating cost is a 
consideration. 

5. Executive type aircraft should 
not be used. A nwork horsen such as the 
type of aircraft normally found in flying 
schools is preferable. 

The aircraft which was found to be 
the most suitable in meeting these 
criteria is the Cessna 172, a four 
passenger, high wing, single engine 
configuration, which is readily available 
throughout North America. In fact, there 
are 9,000 such aircraft currently in use. 
It is easy to fly, performs well in the 
90 to 100 knot air speed range, and has 
six hours of flying time with normal fuel 
reserves. Similar type aircraft meeting 
the above criteria could also be used. 

AIRCRAFT ANTENNA 

The initial approach to airborne 
leakage measurements was to attempt to 
use existing navigational or 
communications mounted antennas which are 
part of the aircraft electronics package. 
Early in the development program the 
existing VOR antenna installation on our 
test aircraft was used for receiving 
signal leakage. However, extensive 
testing using a calibrated discrete leak 
showed that test results were unreliable 
and inconsistent. The conventional 
communications and navigational antennas 
on aircraft are primarily designed to 
receive signals from communication points 
on the horizon. These antennas do not 
have directivity in the downward 
direction, partially due to their 
placement and orientation. Because these 
antennas also have very poor directional 
capabilities, they typically are not 
satisfactory for differentiating signal 
sources. One of the main problems 
experienced with the conventional 
aircraft communication or navigation 
antenna is the hull effect (or reflective 
surface effect) of the aircraft, in this 
special application. This is normally 
not a problem in airborne communications, 
but severely curtails the probability of 
repeatability and calibration accuracy 
for airborne leakage measurements. 
Referring to my earlier comments on the 
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literally thousands of leaks which will 
be within the horizon of the antenna, all 
being received from different directions, 
different field strengths, phase 
relationships, etc., it is inevitable 
that incorrect readings will be generated 
as a result of the reflective surfaces of 
the aircraft bouncing signal into the 
antenna. In calibration testing, using a 
discrete leak in accordance with the FCC 
prescribed test methods, it was found 
that the hull effect would create nulls 
and peaks in the signal as the aircraft 
passed over the signal source. For 
accurate testing, the received signal 
should not be influenced by the aircraft 
itself. Antenna placement and 
orientation should be such that the 
aircraft is in a null point of the 
antenna. 

One of the original concepts of the 
airborne signal leakage tests was to 
have na universal mountingn which would 
allow the test package to be installed on 
any Cessna 172 aircraft in a matter of 
minutes, without any structural changes 
to the aircraft itself. The intent was 
to be able to easily source an aircraft, 
mount the antenna and equipment in 
minutes, with no requirements for 
recertification or modification of the 
aircraft. However, since antenna 
performance is so critical to both 
sensitivity and geographic definition, it 
was necessary to develop a special 
antenna with the proper characteristics. 
This antenna pattern also must not be 
disturbed in any way by the aircraft 
itself. A balanced antenna is also 
necessary for increased noise rejection. 
In our search for the best antenna, a 
spar-mounted, co-axial dipole situated 
behind the aircraft's tail assembly was 
chosen. In this configuration the 
aircraft is on the antenna's insensitive 
axis and distortion of the antenna's 
dipole pattern is negligable. At an 
altitude of 450 m, an area spanning 900 m 
laterally by 500 m fore and aft is within 
the -3 dB contour of this antenna. 

COLLECTION PACKAGE 

The collection package is 
specifically designed for ease of 
shipping from point to point in a 
specialized shipping container, and for 
ease of mounting in the aircraft. In 
fact, once the antenna brackets have been 
permanently installed on the aircraft, 
the antenna and equipment package can be 
installed and removed in a matter of 
minutes. The testing process is designed 
for operation by the aircraft pilot, 
without the need for any other personnel 
in the aircraft, with a few exceptions. 



The package consists of two parts: a 
ground based RF carrier source installed 
in the headend, and the airborne 
equipment package. Within the airborne 
equipment package there are several 
separate component blocks. It contains a 
sophisticated LORAN-e navigational unit, 
a computer and CRT display, a specially 
designed receiver, disk drive, power 
supply, etc. To facilitate ease of 
operation, the right front seat of the 
aircraft is removed and this "black box" 
mounts directly in its place. Equipment 
layout allows the pilot easy access to 
all equipment controls and CRT screen. A 
special keypad for function control is 
mounted on a saddle which is strapped to 
the pilot's right leg. The LORAN-e 
receiver is capable of storing a complete 
grid pattern in its memory, which is 
sequentially accessed during the audit 
process. Where LORAN-e navigation can be 
used, sign~l leakage testing can be 
accommodated using only the pilot of the 
aircraft. In certain areas west of the 
Mississippi and east of the Rockies, 
LORAN-e coverage is unreliable or 
unavailable. In these areas, an observer 
supplements the LORAN-e information and 
the aircraft is flown on a ground 
recognition grid as opposed to an 
electronic grid. 

During airborne testing the aircraft 
equipped with our test package is flown 
in a sequence of parallel paths over the 
cable system being tested. The flight 
legs are spaced a distance of 900 m apart 
so that the receive antenna's -3 dB 
contour just overlaps on each pass. 
Flight passes are flown in a north
south direction then repeated in an 
east-west direction. Cable system 
coverage is complete with this grid 
pattern. 

A cross track error indication from 
the Loran receiver allows for a very 
accurate flight path to be flown. At the 
end of each pass over the cable system, 
the collected data, along with flight 
path start-stop co-ordinates, are 
transferred to floppy disk while the 
aircraft is being turned around to begin 
the next sampling run (see Figure 1). 

CALIBRATION 

As previously mentioned, calibration 
is a critical factor in airborne signal 
leakage tests. Part 76.611 of the FCC 
rules suggests that calibration should be 
made in the community being testE!d or 
within a reasonable time frame to 
performing the measurements. While this 
may be quite satisfactory for ground CLI 

testing, airborne calibration should not 
be undertaken in close proximity to a 
cable system, a major airport or 
aircraft communication facility. Our 
primary calibration standard uses the 
recommended methods outlined in 
associated FCC documentation. 
Calibration is performed at a significant 
distance from any major communication 
facility, cable system or an interfering 
source. To maintain calibration accuracy 
we employ a secondary standard of test 
procedures and equipment, w·hich is 
carried with the aircraft, and which 
verifies performance accuracy and 
calibration before and after the testing 
process. 

COMPUTER AIDED DRAFTING AND PROCESSING 

While a preliminary analysis of 
cable system leakage is available from 
the collection equipment even before the 
aircraft has landed, collected data is 
transferred to a more powerful computer 
to undergo further processing. Word 
processing capability is also$integrated 
into the system, to prepare an 
accompanying written report. 

Data files from the collection 
unit's floppy disk are down loaded to the 
computer aided drafting system. A map 
outline of the active plant area is 
digitized and stored in the computer 
memory as a map drawing file. A map 
creation program calculates paths flown 
by the aircraft from latitude and 
longitude co-ordinates stored during the 
airborne data collection process. Signal 
level information is then processed as 
follows: 

first accurate positions of 
measurements along the data collection 
flight path are established: 

sorted 
color 
level 

second - signal levels are 
into windows for signal level vs. 
identification as ·well as signal 
vs. width of line presentation: and, 

third - signal level data collected 
from outside of the active plant boundary 
is discarded and signal level files 
contain only information collected from 
the cable system's active plant. 

The 90th percentile is accurately 
calculated from these files. A map 
displaying the cable system plant 
boundary with received cumulative signal 
levels, plotted along the calculated 
aircraft flight path, is generated for a 
visual presentation of the extent of 
cable system signal leakage (see Figure 
2). 
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TEST RESULTS 

If a cable system has been 
reasonably well maintained, and regular 
signal leakage control procedures have 
been followed, the mapping will give good 
geographic identification of problem 
areas. If little or no signal leakage 
efforts have been undertaken by the 
system management, then the overall map 
presentation will show levels of signal 
leakage totally bl~nketing the cable 
area. Level differences can also 
reflect the integrity of the components 
used during the various phases of the 
original construction, and the specific 
demographics (e.g. multi-units, older 
building wiring, areas of improperly 
installed plant etcetera). 

In summary, airborne testing 
provides a cable system operator with a 
global prospective of cable leakage. In 
a well maintained plant, specific "hot 
spots" can be identified readily for 
increased maintenance attention. In a 
poorly maintained plant, the magnitude of 
the problem facing the cable operator in 
correcting signal leakage will be very 
apparent. As an example, a three hour 
long flyover of a 50,000 75,000 
subscriber system will provide a full 
understanding and recognition of the 
depth of the signal leakage problem in 
the system. A similar analysis of 
thousands of ground based readings will 
not provide the conceptional level of 
understanding that can be achieved during 
a review of an airborne signal leakage 
map. The airborne signal leakage map is 
most valuable in defining signal leakage 
problems to senior management and 
corporate executives. It provides an 
instant recognition of the dimension of 
the signal leakage, and the relationship 
to maintenance requirements can be 
identified though this interpretation. A 
multiple system operator has the ability, 
at the corporate level, to better 
understand the condition of each cable 
plant, and the implications for each 
system of the Cumulative Leakage Index 
requirements commencing in July, 1990. 
This allows informed decisions in 
allocation of resources to meet these 
requirements. 

A GLOBAL PROSPECTIVE 

Let us now examine the implications 
that we face in the next two years in 
order to meet the 1990 requirements. 
Many cable system operators are activ~ly 
performing ground checks to verLfy 
whether the ground based measurements of 

I infinity and I 3, 000 can be met with 
the existing cable plant. In large cable 
systems, particularly those in 
metropolitan areas with high rise 
apartments, multi-units, and very large 
geographic areas, it is extremely 
difficult to meet the I infinity method 
of calculating CLI. The I infinity 
formula is a theoretical formula, 
correlated from airborne tests done by 
the FCC. These tests were performed on 
relatively small cable systems where the 
I infinity method may be quite 
appropriate. However, since the 
accumulation of leakage measurements in 
the I infinity formula does not recognize 
free space attenuation, all signals are 
deemed to be at the same geographic 
location, when collected within the 
formula. From a practical interference 
point of view, failure to recognize the 
free space attenuation factors and the 
slant range implications makes it 
extremely difficult to meet this CLI test 
in large geographic areas. :t;n cities 
more than 10 miles ( 16 km) in diameter, 
the inadequacy of the formula becomes 
quite obvious. Nevertheless, systems 
have a choice of three methods o~ meeting 
CLI. The I infinity method for large 
systems is, in our point-of-view, 
inappropriate. The I 3,000 formula, 
which is better in that it recognizes the 
implications of free space attenuation, 
is more applicable, but does not 
consider all factors and involves many 
calculations. The airborne method of 
signal leakage described here records an 
accurate interference factor in a matter 
of hours. 

We have discussed earlier the 
implications of airborne signal leakage 
in terms of ability to measure signal 
leakage invol vi.ng large amounts of cable 
plant in short periods of time. To give 
this a bit more perspective, based on 
testing to date and average flying times 
for systems, a few rules of thumb can be 
developed. For each hour of actual 
system flying time (ignoring ferrying 
time for the aircraft to and from the 
system) approximately 200 miles of cable 
plant, 10, 000 - 20, 000 subscribers, or 
25 square miles of geographic area can be 
tested. Obviously the length of the 
test is a function of the size of the 
geographic area, since this determines 
the number of passes over the system. 
One Ontario system with 28,000 
subscribers and 240 miles of plant was 
flown in approximately 1 hour and 20 
minutes. Another 65,000 subscriber 
system was flown in 2 hours and 30 
minutes. 

Let us now look at what might be 
required to perform airborne signal 
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leakage testing throughout the United 
states. As mentioned earlier, our 
approach was to concentrate on the type 
of aircraft which would be most suitable 
for the actual measurements, and to give 
less priority to flight speed during 
aircraft ferrying time between 
franchises. A reasonable zone for an 
aircraft to perform airborne signal 
leakage testing from one operations base 
would be approximately a 500 mile radius. 
This represents a 785,000 square mile 
area. Given that the United States is 
approximately 3.6 million square miles, 
the practical number of aircraft required 
to do airborne signal leakage tests 
throughout the U.S. should not be more 
than 15-20 aircraft. Since the aircraft 
need only be used on an as-required 
basis once modified, airborne signal 
leakage equipment need not be dedicated 
to an individual aircraft. By examining 
a total number of cabled households in 
the United states, the total plant miles, 
and some extrapolation from the sample of 
signal leakage tests already conducted by 
our company, we can draw the rough 
assumption that there are 8-10 route 
miles of cable plant per square mile of 
cabled community. This will vary 
significantly from community to 
community; however, on balance it is a 
safe assumption. Similarly since there 
is approximately 700,000 miles of cable 
plant in the U.S. , and we can fly 2 00 
cable miles per hour, approximately 3,500 
hours of flying would be required to 
perform airborne signal leakage in all 
cable systems in the continental United 
states. If we assume that ferrying time 
is approximately equal to airborne 
testing time, then 7000 hours per year 
of flying time would be required. 
However, since smaller systems can be 
grouped and flown sequentially, and some 
small systems in remote locations may 
prefer ground-based testing, the 
estimated total flying time could be 
approximately 5,000 hours per year. With 
strategically placed aircraft, this 
equates to 300-5QO hours per aircraft per 
year. 

The equipment is essentially 
automated, with minimal operational 
training required. A professional pilot 
could perform airborne signal leakage 
testing, and could simply download the 
data at the end of each day of flying, to 
a central processing point via telephone 
1 ine into the CAD system to produce the 
necessary mapping. Using overnight 
courier the information could be returned 
to the system within two to three days. 
A support person would be required to 
assist in interfacing with system 
personnel and head end equipment set up, 
if it is anticipated that a large number 
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of flyovers would be occurring in an 
immediate geographic area. Pilots for 
this type of aircraft are readily 
available, and can be easily trained to 
perform airborne leakage testing, due to 
the highly automated nature of the 
collection package. 

CONCLUSION 

The use of airborne signal leakage 
testing methods is a practical and 
efficient approach to system 
certification for signal leakage 
purposes. While ground patrol, coupled 
with system maintenance, will always be 
required to meet system leakage 
requirements, airborne tests will provide 
efficient and conclusive annual audit 
testing for compliance with FCC CLI 
regulations. It will also assist in 
identifying signal leakage missed by the 
ground patrols. The advantages of being 
able to quickly obtain a signal leakage 
profile of an operating system and 
identify geographically "hot spots" is a 
significant management tool in the 
operation of cable plant. Irrespective 
of the regulatory requirements, the 
signal leakage audit also provides a 
profile of maintenance effectiveness and 
system component integrity, which is also 
valuable to the cable operator. 
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A TECHNICAL ANALYSIS OF A HYBRID 
FIBER/COAXIAL CABLE TELEVISION SYSTEM 

Perry Rogan, Raleigh B. Stelle Ill, Louis Williamson 

American Television and Communications 

Abstract • Improvements In the quality of the delivered 
NTSC signal In CATV systems may be obtained by the 
application of fiber backbone technology. 

These signal Improvements will be the result of 
decreased cascades of traditional cable television 
amplifiers following the fiber node. These 
Improvements are measurable In terms of carrier-to
noise ratio, and lntermodulatlon products. 

The resulting Improvement In system overhead 
may be excha,nged for additional bandwidth, for 
Increased system reach, or for Improved quality of the 
delivered slg nal. 

This paper presents the evaluation we 
performed for one of our existing systems. We show 
the Improvements In performance which are obtained 
with fiber backbone. We also show how the same 
system can be upgraded from 270 MHz to 550 MHz, 
without changing trunk cable, trunk locations, or using 
microwave hubs. The 270.550 MHz upgrade example 
focuses on the exchange of performance for additional 
bandwidth. 

SCOPE 

American Television and Communications 
(ATC) management directed the engineering staff to 
undertake the analyses described herein because of 
its belief that our future depends on six primary 
operational considerations. 

1. Delivery of signal quality directly comparable to 
present and perceived future sources, while 
providing economics comparable to, or better 
than, alternatives now available to our systems. 

2. The ability to transport to the home, any 
enhancement which may be forthcoming in the 
art of television systems. 

3. The ability of our systems to offer ancillary 
services which may become desirable to our 
subscribers. 

4. The ability of our systems to meet competitive 
situations in a cost effective manner. 

5. The ability of our systems to operate in a more 
reliable fashion. 

6. The ability of our systems to take advantage of a 
more flexible evolutionary architecture. 

This paper will deal only with the technical 
performance aspects of the application of the fiber 
backbone concept. Financial modeling which is an 
inherent part of any decision making process will be 
presented by other members of the ATC Engineering 
staff in a separate paper. 

FIBER BACKBONE 

The fiber backbone concept requires that 
conventional amplifier cascades be reduced to a small 
number, such as 2, 3, 4, or 5. In order to create such 
short cascades, a number of "fiber nodes" must be 
created. Each node is connected to tl:re headend by 
single mode optical fiber which transmits the optical 
signal from the headend to the node. 

In the headend, the radio frequency (RF) signals 
are converted to optical frequencies, and coupled onto 
the fiber. 

The multi-fiber cable follows traditional trunk 
routings and is likely to be overlashed to existing 
cable. As the fiber proceeds toward the furthest node 
point, it is split, and spliced many times. Examples of 
these routes are included in the appendix. 

At the fiber node location, we believe the 
equipment required will be housed in an enclosure 
similar to existing trunk amplifiers. The purpose of the 
node is to terminate the optical fiber cable, and convert 
the optical signal on that fiber to RF for transmission to 
the home via traditional cable television trunk and line 
extender amplifiers. 

How good must the node RF performance be? 

We believe the signals recovered from the fiber 
must have at least 55 dB carrier-to-noise, -65 dB 
composite triple beat and -65 dB composite second 
order performance. 

OPTICAL LINK PERFORMANCE 

ATC staff engineers began active 
experimentation in fiber optic transmission systems in 
the spring of 1987. While our focus is directed 
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primarily at broadband amplitude modulated, vestigial 
sideband (AM-VSB) transmission, we also closely 
monitor the progress being made in the area of FM 
transmission on fiber. Either modulation technique 
(AM, or FM) may be applied to the fiber backbone 
approach. 

Several vendors of lasers, fiber, and detectors 
were contacted with requests for product information 
and sample items. The initial results were 
disappointing, yielding carrier-to-noise ratios of 47 dB, 
and composite triple beat ratios of 50 dB. With these 
devices, the second order performance was 
unacceptable. The composite second order beat 
products were eliminated from the band of interest by 
choosing an octave of bandwidth from 200-400 MHz 
for the initial experiments. In practical application, it 
may be necessary to convert the 55-550 spectrum to 
605-1155 MHz prior to modulating the laser. Two 
advantages are expected from this process. One 
advantage is that all second order products will fall 
outside the band of interest, and may be removed by 
filtering. The second advantage is that this frequency 
range allows the laser to function in a more favorable 
region of its operating characteristics. 

This performance was initially perceived as 
disappointing because it was so far from the 
performance required to make the fiber backbone 
concept a reality. The disappointments did not last 
very long, however. 

The following graph, Fig. 1, indicates the 
performance improvements we have been able to 
observe from the various components of fiber systems 
to date. 
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Figure 1. Link Performance over 15 KM 

The best performance observed so far produces 
48 dB carrier-to-noise ratios and -65 dB composite 
triple beat dB with 42 channel loading, through 15 Km 
of fiber. 
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A future element of the fiber experiment is to 
block convert the 42 channel spectrum (55-330 MHz) 
to 605-935 MHz. At these frequencies the signals 
occupy less than an octave of bandwidth and we will 
be better able to determine the second order 
performance. Experiments are presently in progress 
on this phase of the project, and will be reported as 
they produce meaningful data. 

The progress made in laser technology over the 
past year makes us very optimistic that the required 
node performance goals of 55 dB carrier-to-noise, -65 
dB composite triple beat, and -65 dB composite 
second order over 15 Km of single mode fiber are 
goals which will be achieved in the near future, at 
acceptable prices. 

An especially significant item of note is that in 
our discussions with various manufacturers of lasers 
and detectors, we have learned that there are no 
known physical limits preventing the laser and detector 
manufacturers from creating devices with the 
parameters required to deliver the performance we 
expect. 

Assuming that the required node performance is 
obtainable, we analyzed the performance 
improvements which can be expected in the sample 
270 MHz system. We then performed an analysis on 
this same system to determine the performance 
achievable if the system were to be upgraded to 550 
MHz. 

In the 550 MHz upgrade, we decided to attempt 
to use the same trunk cable and amplifier locations, 
and to "drop-in" appropriate 550 MHz amplifiers, if 
possible. 

COMPUTER ANALYSIS 

All of the analyses presented are performed 
with various computer programs which permit the entry 
of all necessary variables, and calculate performance 
accordingly. Several of the exhibits are the printouts 
from these programs. The programs require the entry 
of the equipment operating parameters in the area 
designated "Manufacturer's Specifications". The 
operating parameters, as the equipment is applied in 
the system, are entered in the "System's 
Specifications" area. Included in this area is the data 
for the number of each type of amplifier in cascade. In 
the area labeled "Calculated Equipment 
Specifications", the program calculates the 
performance which is expected from the contribution of 
each of the elements cascaded (i.e., trunk, bridger, line 
extender, and converter), derating appropriately for the 
operational parameters chosen. The "Calculated 
System Specifications" area indicates the expected 
performance of the elements in cascade, indicating 
"end of the line" performance. Using a program 
simplifies the repetitive process necessary to arrive at 
optimum solutions to diverse system applications. 



The following material represents our progress 
to date in the process of arriving at an optimum 
solution to the problem of implementing the fiber 
backbone concepts. 

SIGNAL QUALITY IMPROVEMENTS 

As stated in the abstract, one of the goals of our 
project was to improve the performance of an existing 
270 MHz system. The following section describes the 
processes we used, and the results obtained from 
applying the fiber backbone to this system. 

The system chosen for analysis is one of ATC's 
older 270 MHz systems which has been in operation 
for more than 15 years, and which requires improved 
operational performance to meet competitive 
pressures, and market demands. The system segment 
analyzed consists of 375 miles of plant, serving 
approximately 10,000 subscribers. The longest 
cascade consists of 28 trunk amplifiers, one bridger, 
and two line extenders. The trunk spacing is 21 dB, 
and the cable is .750" P-3. The distribution levels are 
48/41 dBmV for the bridger, and 43/37 for the line 
extenders. The end of the line performance of this 
system is: 46.7 dB carrier-to-noise, -56.2 dB 
composite triple beat, and -60.3 dB composite second 
order. 

The system performance is show-n in the 
cascade analysis, Exhibit 1 of the appendix. 

Implementation of a fiber backbone in this 
system will yield an improvement in carrier-to-noise of 
4.8 to 5.7 dB, depending on the number of amplifiers 
cascaded after the fiber node. In this example, the 
intermodulation products were slightly worse after 
implementing the fiber backbone. These 
intermodulation products are the result of the high tap 
levels required in the distribution portion of the system, 
to meet end of the line tap levels. See Fig. 2, below, 
and Exhibits 1, 2, 3, and 4 of the appendix. 

SYSTEM END PERFORMANCE DATA 

C/N CTB CSO NODES 

BEFORE FIBER BACKBONE 46.7 -56.1 -60.3 

AFTER FIBER BACKBONE 52.4 -55.2 -61.3 
2 TRUNK IN CASCADE 
AFTER FIBER BACKBONE 51.9 -55.1 -61.2 
3 TRUNK IN CASCADE 

AFTER FIBER BACKBONE 51.5 -55 -61 
4 TRUNK IN CASCADE 

Figure 2. end of the line performance calculations 
based on trunk cascade and "quad power" line 
extenders. 
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Fig. 2 shows the end of line comparisons for 
different cascades after the fiber node. Exhibit 1 

shows the present system performance. Exhibit 2 
shows the performance with the fiber backbone with 
four trunk amplifiers cascaded after the node. Exhibit 3 
shows the performance with two trunk amplifiers 
cascaded after the node. 

This range of improvements is made possible 
by the flexibility of system architecture produced by 
implementing the fiber backbone concept. 

In this example, our goals were: 

1. Reuse as much of the existing plant as possible 
to minimize the complexity of any future 
upgrade which might be undertaken. Existing 
equipment was reused, and only direction 
reversals on approximately half the trunk 
locations were required. 

2. Provide performance improvements which will 
allow this system to meet present market 
pressures, and permit future bandwidth 
expansion as necessary. The goal of improved 
carrier-to-noise was met. (4.8-5.7 dB). 

As the system design for the quality 
improvement example evolved, it was necessary to 
consider the number of fiber node locations to be 
used. Several alternatives were evaluated with 
emphasis on the system performance with various 
cascades after the fiber node. An analysis of the 
number of nodes required is contained in Figure 3 
below. It can be seen that in each of the 209 existing 
trunk amplifiers is a node location; the number on 
nodes required is 209. Similarly, if the number of 
amplifiers cascaded rises to 28 (the original cascade), 
the number of nodes is one. Between these values, 
we selected the numbers 2, 3, and 4 for cascade and 
fiber route evaluation. 
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Figure 3. The relationship between cascade 
selected, and f1ber nodes requ1red. 
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Due to this system's architecture, and the curve 
from Figure 3, it appears there is no apparent 
advantage to continuing beyond the four in cascade 
point. To do so would defeat our purpose because of 
the buildup of noise and distortion in longer cascades. 

As a preamble to the next section, two terms to 
be used require definition. They are: route miles, and 
fiber miles. A "route mile" is total linear distance which 
will require lashing of the fiber bearing cable to the 
existing plant. The "total fiber mileage" is the sum of 
the distances from each node to the headend, with one 
fiber run per node. 

For each of the analyses presented we have 
calculated the route mileage to provide an indication of 
the magnitude of the overlashing required, and the 
fiber mileage to indicate the possible fiber costs. 

The node location data, and fiber mileages for 
the system analyzed, are shown below. 

For four in cascade after the node: (miles) 
1. Route mileage = 43.7 
2. Fiber mileage = 128.6 
3. Nearest node = 1 .13 
4. Furthest node = 8.99 

For three in cascade after the node: 
1. Route mileage = 45.3 
2. Fiber mileage = 174.6 
3. Nearest node = .9 
4. Furthest node = 8.61 

For two in cascade after the node: 
1. Route mileage = 50.9 
2. Fiber mileage = 248 
3. Nearest node = .9 
4. Furthest node = 8.99 

The fiber routings for the three cascade 
examples tested (2, 3, and 4 after the node) are shown 
in Exhibits 6, 7, and 8 respectively. These exhibits are 
located in the appendix. 

FIBER ANALYSIS VS CASCADE 

ROlJlE FIBER NODES NEAREST FARTHEST 
MILES MILES (FIBERS) NODE, MI. NODE, MI. 

2CASCADE 50.9 248 61 .9 8.99 

3CASCADE 45.3 174.6 41 .9 8.61 

4CASCADE 43.7 128.6 29 1.13 8.99 

Figure 4. Fiber requirements versus cascade chosen. 
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Figure 4 is a tabulation of the number of nodes, 
fiber miles, and route miles for each cascade 
evaluated. 

Design samples were performed to determine 
the architecture of the system after application of the 
fiber backbone. The typical trunk routings for each 
cascade evaluated are shown in Exhibits 8, 9, and 1 0 
of the appendix. While it was not necessary to 
physically relocate any of the trunk stations, 50% of 
them will require reversal. 

The distribution portions of the original system 
remain unchanged. 

Another point of interest is that the same node 
locations will be used regardless of whether the plan is 
to simply upgrade the system performance, or to 
increase the bandwidth. This condition occurs 
because the same trunk locations and cascades will 
be used in either situation. 

The preceding information shows the 
performance improvements which can be achieved 
with existing plants. As can be seen, the performance 
improvements in themselves are significant. Even 
more significant is with this performance in place, the 
stage is set at any time in the future to upgrade this 
system to 550 MHz. Not only can this system be 
upgraded, it can be upgraded for a relatively low cost 
compared to the alternative of a total rebuild. 

270-550 Upgrade 

The performance improvements generated by 
the fiber backbone approach and very short amplifier 
cascades permits an exchange of end of the line 
performance for expanded bandwidth. Adding 
improved technologies permits the upgrading of this 
270 MHz system to 550 MHz, while maintaining 
adequate end of the line performance, with no change 
in trunk cable, distribution cable, or trunk locations. 

The test design for the upgrade of the system 
was a sample of 15.8 miles of plant, with areas 
selected to represent an average sample of the 
densities in existence. Three areas of five miles each 
were designed, with densities ranging from less than 
75 homes per mile, to densities exceeding 130 homes 
per mile. 

DISTRIBUTION ANALYSIS 

The analysis process of this upgrade began 
with the end of the line performance criteria 
established for our systems. It was determined that 
these parameters would be met or exceeded in the 
550 MHz upgrade. 



The major performance specifications to be met 
are: 

1. 46 dB carrier-to-noise 
2. -53 dB composite triple beat 
3. -53 composite second order 
4. +15/10 dBmV at the tap 

(drops are 150 ft. RG-6) 

These specifications forced the levels required, 
and the distribution distortion values. 

Various line extender and bridger technologies 
were evaluated to determine which would offer the 
most economical upgrade while meeting the 
performance required. It was possible to meet end of 
the line performance with either two "quad power" line 
extenders in cascade, or three power doubling line 
extenders. Three conventional line extenders in 
cascade failed to meet the required performance 
criteria. The use of three line extenders in cascade 
requires the addition of up to 147% more line 
extenders than the "quad power" choice, and in that 
case, 46% of the distribution system required the use 
of three line extenders in cascade. 

END OF LINE QUAD P.O. CONV 

PERFORMANCE LE (2) LE (3) LE(3) 

CIN 48.4 ·47.9 -48.3 

CTB ·52.5 -52.3 -49.0 

cso --59.8 -59.8 ·49.0 

Figure 5. End of line performance versus line 
extender technology .. 

Fig. 5 shows the distribution end of the line 
performance of the line extenders evaluated. 
Complete 550 MHz cascade analysis is shown for 
each of the line extender technologies evaluated. 
These analyses appear as Exhibits 5, 12, and 13 of the 
appendix. 

TRUNK ANALYSIS 

The next phase of the analysis was to examine 
the trunk from the fiber node to the bridger input. The 
P-3 cable in use on the example system has a 270 
MHz loss of .85 dB/1 00. At 550 Mhz, this same cable 
has 1.21 dB loss/1 00 ft., or 29.97 dB per span at 550 
MHz. Fig. 6 shows the attenuation versus frequency 
for this cable. 

z u 

CABLE ATTENUATION VS FREQUENCY 
35~------------------------~ 

550 MHZ ATTENUATION 

INITIAL ATTENUATION 

15+-~~~~~~~~T-~T-+-~ 

250 300 350 400 450 500 550 600 

FREQUENCY, MHZ 

Figure 6. Operational gain required when 
upgrading from 270 . 550 MHz. 

Since 30 dB gain trunk stations are available in 
several technologies, it appeared possible to "drop-in" 
the new amplifiers in the existing locations. 

Utilizing feed forward technology, trunk 
cascades of 2, 3, and 4 were analyzed for headroom. 
The headroom graphs display the carrier-to-noise and 
composite triple beat limits which are achieved with 
the output levels chosen. The graphs of these 
performances are shown in Fig's. 7, 8, and 9. Exhibits 
5, 12, and 13 of the appendix provide full cascade 
analysis. 
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HEADROOM GRAPH FOR 3 IN CASCADE, 550 MHZ 
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From the preceding graphs and exhibits, one 
can see that the improvement to be expected from 
shortening the cascade after the node is in the area of 
carrier-to-noise. The example system required high 
distribution levels and in this example, at least, it was 
not possible to make the usual exchange of carrier-to
noise for distortion. The distribution of this system is 
the limiting distortion factor, and the trunk contribution 
is relatively minor. Even so, it is possible to deliver a 
signal with 51.9 dB carrier-to-noise, to the subscriber's 
TV set. This performance may well be what is required 
to make enhanced television systems a reality. 

ALTERNATE SOLUTIONS 

Analysis was performed to establish whether 
the proposed upgrade could be accomplished without 
the use of AML, or other hub techniques. 
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Further headroom analysis graphs were 
prepared to determine what performance could be 
expected with "normal" 22 dB spacing after 
replacement of the trunk cable. The results appear in 
Fig's. 1 0 and 11. 
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Fig. 1 0 shows that performance equal to that of 
the fiber node was reached after a cascade of 1 0 feed 
forward trunk amplifiers. 

Fig. 11 shows that performance equal to the fiber node 
plus four trunk amplifiers in cascade was reached after 
a cascade of 20. 

Since replacing the trunk cable permitted the 
direct replacement of the amplifier locations, one can 
see that the "reach" is inadequate to replace the 
original 28 in cascade, and some sort of hub network 
will be required to complete the upgrade from 270 to 
550 MHz. 

This section of the paper shows that an upgrade 
from 270 MHz to 550 MHz can be accomplished using 
the fiber backbone concept. It has further 
demonstrated that this upgrade cannot be 
accomplished otherwise without resort to hub 
techniques. 

SUMMARY 

In this paper, we demonstrated the following: 

1. The improvement in signal quality which may be 
obtained by application of the fiber backbone 
concept to an existing 270 MHz system. 

2. The potential to upgrade our example system to 
a greater bandwidth, by trading improved 
performance for that bandwidth. 

3. The upgrade of a 270 Mhz system to 550 MHz 
while preserving trunk cable and trunk 
locations, and without resorting to AML or other 
hub techniques. 

4. The application of the fiber backbone concept 
will provide new opportunities for the cable 
television community to take advantage of 
performance technologies as they occur. 

5. As will be seen in the financial models to be 
presented later, the expense of the fiber 
backbone is less than a total rebuild, and it 
appears possible that this technology will permit 
upgrades which are not possible with any 
amplifier technology available today, or in the 
foreseeable future. 

It is the authors' opinion that the ideas and 
concepts set forth in the abstract have been proven. 
We have shown that quality improvements can be 
attained; and that these improvements are not only 
measurable, but substantial; and we have shown a 
working upgrade example from 270 to 550 MHz which 
in the worst case not only betters original system 
performance, but a 550 MHz system which has the 
performance to transport enhanced television systems 
or other services. 

Our peers, in a parallel effort, have shown that 
the fiber backbone concept is economically viable as 
we have proven its technical feasibility. 

We must stress that while there is, today, no 
equipment commercially available which supplies all 
the desired performance at the price necessary to 
transform the fiber backbone concept into reality, the 
authors' are confident that the performance predicted 
herein will be attainable in the foreseeable future. 
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APPENDIX 

CATV SYSTEM DISTORTIONS 

SYSTI:M NAME. FWD.BW 4.0 FWD. NOISE -59.2 
DATE 1-Mar 1988 REV.BW 4.000 REV. NOISE -59.2 
MANUFACTURER 
SPECIFICA nc::N> TRUNK BRIDGER L.E. 
----------------- ------------ ------------------
NOISE FIGURE 9.5 10.5 11.0 
CTB OVTPUT CIV' 33.0 50.0 50.0 
CTB RATING(-<IBmv) -93.0 -59.0 -59.0 
XMOOOVTPUTCAP 33.0 50.0 50.0 
XMOD RATING(-<IBmv) -92.0 -59.0 -59.0 
2nd OVTPUT CAP 33.0 50.0 50.0 
2nd RATING(-<IBmv) -85.0 -70.0 -70.0 
CHArita. CIV'N:ITY 42.0 35.0 35.0 
MANUFACTURER TILT 3.0 6.0 6.0 
HUM SPEC! FICA Tia'l -70.0 -70.0 -70.0 
SYSTEM 
SPECIFICATIC:N> TRUNK BRIDGER L.E. 
----------------- ------------ ------------------
AMPLIFIER INPUT 12.0 13.0 17.0 
GANORBRDCLOSS 21.0 -20.0 26.0 
DESIRED TILT 6.0 6.0 6.0 
AMPLIFIER OUTPUT 33.0 48.0 43.0 
CHANNEL LOADNG 35.0 35.0 35.0 
~El..EN31H 30.0 1.0 2.0 
CALCULATED 
EQUIPMENT 
SPECIFICA Tia'IS TRUNK BRIDGER L.E. 
----------------- ------------ ------------------

CIN ...... I -46.9 -61.7 -62.2 
CTB ...... 1 -67.6 -63.0 -67.0 
XM0 ..... 1 -66.2 -63.0 -67.0 

LOG .. 15.0 2ND ..... I -62.8 -72.0 -72.5 
HUM ..... J -40.5 -70.0 -64.0 

CALCULATED I FWD. FWD. FWD. 
SYSTEM I TRUNK TRUNK SYSTEM 
SPECIFICA nc::N> I PLUS TR+BR 

I BRIDGER +LE{Sl 
CIN ...... 1 -46.9 -46.8 -46.7 1 ..• C/N 
CTB ...... 1 -67.6 -59.0 -56.1 J ... CTB 
XMO ..... J -66.2 -58.4 -55.7 J .. .XMO 
2ND ..... I -62.8 -61.4 -60.3 J ... 2ND 
HUM ..... J -40.5 -40.2 -39.6 J ... HUM 

i'.OTES CURRENT OPERATING PERR:lFIMANCE. 

EXHIBIT 1 
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CATV SYSTEM DISTORTIONS CATV SYSTEM DISTORTIONS 

SYSTEM NAME. FWD.BW 4.0 FWD. NOISE -59.2 SYSTEM NAME. FWD.BW 4.0 FWD. NOISE -59.2 

DAlE 1·Mar1988 REV.BW 4.000 REV. NOISE -59.2 DAlE 1-Mar 1988 AEV.SW 4.000 REV. NOISE -59.2 
MAMJFAClUREA 

MANJFAClUAER SPECIFK:AT~S FIBER TRUNK BAIXlER L.E. 
SPEC IF CATIONS FIBER TRUNK BADGER L.E. ------------ -----· ------------ ----·-------------
---------------- ------------ ------------------ NOISE FIGURE 9.5 10.5 11.0 
NOISE FIGURE 9.5 10.5 11.0 CTBOJTPUTCAP 33.0 50.0 50.0 
CTBOJTPUTCAP 33.0 50.0 50.0 CTB RATING(-dBmv) -93.0 -59.0 -59.0 
CTB RATING(-dBmv) -93.0 ·59.0 ·59.0 XMODOJTPUTCAP 33.0 50.0 50.0 
XMODOJTPUTCAP 33.0 50.0 50.0 XMOD RATING(-dBmv) -92.0 -59.0 -59.0 
XMOO RATING(-dSmv) -92.0 -59.0 ·59.0 2rd aJTPI1T CAP 33.0 50.0 50.0 
2rd aJTPI1T CAP 33.0 50.0 50.0 2nd RATING(-dBmv) -85.0 -70.0 -70.0 
2nd RATING(-dSmv) -85.0 ·70.0 -70.0 ct'ANNEL CAPACITY 42.0 35.0 35.0 
CHANNEL CAPACITY 42.0 35.0 35.0 MANUFAClURERTILT 3.0 6.0 6.0 
MANUFAClURER TILT 3.0 6.0 6.0 HUM SPECIFK:AT~ -70.0 -70.0 -70.0 
HUM SPECIFICAT~ -70.0 -70.0 ·70.0 SYSTEM 
SYSTEM SPECIFCAT~S FISER TRUNK BADGER L.E. 
SPECIFK:A~S FIBER TRUNK BADGER L.E. ···-····-··· ------ ·----------- ------------------
----------------- ------------ ------------------ AMPLIFIER INPUT 12.0 13.0 17.0 
AMPLIFIER INPUT 12.0 13.0 17.0 GAIN OR BA DC LOSS 21.0 -20.0 26.0 
GAIN OR BA DC LOSS 21.0 -20.0 26.0 DESIRED TLT 6.0 6.0 6.0 
DESIRED TILT 6.0 6.0 6.0 AMPLIFIER OUTPUT 33.0 48.0 43.0 
AMPLIFIER OUTPUT 33.0 48.0 43.0 CHANI'B.l.CWJKl 35.0 35.0 35.0 
CHANI'EL L()A[)N3 35.0 35.0 35.0 CA&:II{E I..ENG1H 2.0 1.0 2.0 
CA&:II{E I..ENG1H 4.0 1.0 2.0 CAUll.ATED 
CAUll.ATED ECIJIPMENT 
ECIJIPMENT SPECIFK:A~S FIBER TRUNK BAIXlER L.E. 
SPECIFK:A~S FIBER TRUNK BROOER L.E. ------------------ ------------ ------------------
----------------- ------------ ------------------ C/N ...... 1 -55.0 -58.7 -61.7 -62.2 

CIN ..... I -55.0 -55.7 -61.7 -62.2 CTB ...... 1 -65.0 -91.1 -63.0 -67.0 
CTB ...... 1 -65.0 -85.1 -63.0 -67.0 XM0 ..... 1 -65.0 -89.7 -63.0 -67.0 
XM0 ..... 1 -65.0 -83.7 -63.0 -67.0 LOG .. 15.0 2ND ..... I -65.0 -80.5 -72.0 -72.5 

LOG .. 15.0 2ND ..... I -65.0 -76.0 -72.0 -72.5 HUM .... I -70.0 -64.0 -70.0 -64.0 
HUM .... I -70.0 -58.0 -70.0 -64.0 CALCULAlED I FWD. FWD. FWD. 

CALCULATED I FWD. FWD. FWD. SYSTEM I TRUNK TRLINK SYSTEM 
SYSTEM I TRUNK TRUNK SYSTEM SPECIFK:A~S I PLUS PLUS TR+BR 
SPECIFK:A~S I PLUS PLUS TR+BR I FIBER BADGER +LE(Sl 

I FIBER BRIDGER +LE(Sl CIN ...... I -53.5 -52.9 -52.4 1 ••• CtN 
C/N ...... I -52.3 -51.8 -51.5 1 ... CtN CTB ...... 1 64.6 -57.7 -55.2 1 ... CTB 
CTB ..... I -64.2 -57.6 -55.0 I ... CTB XM0 .•.•. 1 64.5 -57.7 -55.1 1 ... XMO 
XMO ..... I -64.0 -57.5 -55.0 1 .•. XMO 2ND ..... I 64.4 -62.7 -61.3 1 ..• 2ND 
2ND ..... I -63.9 -62.2 -61.0 1 ... 2ND HUM .... I -60.5 -58.0 -54.4 I ... HUM 
HUM .... I -56.0 -54.4 -51.9 1 ... HUM NOlES: PERFORMANCE NPA:>VEMENT ONLY. 

NOlES: PERFORMANCE NPA:>VEMENTONLY. TWO TRLINK AMPLIFIERS IN CASCADE FROM F I!ER NODE. 
FOUR TRUNK AMPLIFIERS IN CASCADE FROM FIBER NODE. 

EXHIBIT 4 
EXHIBIT 2 

CATV SYSTEM DISTORTIONS CATV SYSTEM DISTORTIONS 

SYSTEM NAME. FWD.BW 4.0 FWD. NOISE -59.2 SYSTEM NAME: FIBER lEST FWD.BW 4.0 FWD. NOISE -59.2 
DAlE 1-Mar 1988 REV.SW 4.000 REV. NOISE -59.2 DAlE 7-Mar 1987 REV.SW 4.000 REV. NOISE -59.2 
MAMJFAClUREA MANJFAClURER FIBER TRUNK BRIXlER L.E. 
SPECIFK:AT~S FIBER TRLINK BADGER LE. SPECIFCAT~S FF 0' lQ.E 
---------------- ------------ ------------------ ----------- -----------·- ------------------
NOISE FIGURE 9.5 10.5 11.0 NOISE FIGURE 11.5 9.5 12.0 
CTBOJTPUTCAP 33.0 50.0 50.0 CTB OJTPUT CAP 38.0 48.0 47.0 
CTB RA TING(-dBmv) -93.0 -59.0 -59.0 CTB RATING(-dBmv) -85.0 -65.0 -69.0 
XMODOJTPUTCAP 33.0 50.0 50.0 XMODOJTPUTCAP 38.0 48.0 47.0 
XMOD RATING(-dBmv) -92.0 -59.0 -59.0 XMOD RATING(-dBmv) -85.0 -65.0 -69.0 
2rd aJTPI1T CAP 33.0 50.0 50.0 2rd aJTPI1T CAP 38.0 48.0 47.0 
2nd RATING(-dBmv) -85.0 -70.0 -70.0 2nd RATING(-dBmv) -87.0 -71.0 -73.0 
ct'ANNEL CAPACITY 42.0 35.0 35.0 CHANNEL CAPACITY 77.0 77.0 77.0 
MANUFACTI.R:R TILT 3.0 6.0 8.0 MANUFAClURER TILT 6.0 10.0 10.0 
HUM SPECIFK:A~ -70.0 -70.0 -70.0 HUM SPECIFK:ATION -70.0 -70.0 -70.0 
SYSTEM SYSTEM 
SPECIFK:A~S FIBER TRUNK BROOER L.E. SPECIFK:ATIONS FIBER TRUNK BRIXlER L.E. 
------------------ ------------ ···-------·------- ----------- ------------------- --------·--·------
AMPLIFIER INPUT 12.0 13.0 17.0 AMP~IFIER INPUT 8.0 18.0 19.0 
GAIN OR BA DC LOSS 21.0 -20.0 26.0 GAIN ORBA DC LOSS 30.0 -20.0 29.0 
DESIRED TILT 6.0 6.0 6.0 DESIRED TILT 6.0 9.0 9.0 
AMPLIFIER OUTPUT 33.0 48.0 43.0 AMPLIFIER OUTPUT 38.0 48.0 48.0 
CHANI'EL L()A[)N3 35.0 35.0 35.0 CHANI'B. LOADHl 77.0 77.0 77.0 
CA&:II{E I..ENG1H 3.0 1.0 2.0 CA&:IIlE LENGTH 4.0 1.0 2.0 
CALCULATED CALCULAlED 
ECIJIPMENT ECIJIPMENT 
SPEC IF CATIONS FIBER TRUNK BROOER LE. SPECIFK:AT~S FIBER TRUNK BRIXlER L.E. 
-----·------------ ------------ ------------------ ----------- ------------- ------------------

C/N ..... I -55.0 -56.9 -61.7 -62.2 C!N ...... -55.0 -49.7 -67.7 -63.2 
CTB ...... 1 -65.0 -87.6 -83.0 -67.0 CTB ...... -65.0 -73.0 -64.3 -60.3 
XM0 ..... 1 -65.0 -86.2 -63.0 -67.0 XMO ...... -65.0 -73.0 -64.3 -60.3 

LOG .. 15.0 2ND ..... I -65.0 -77.8 -72.0 -72.5 LOG .. 15.0 2ND ...... -85.0 -78.0 -71.0 -87.5 
HUM .... I -70.0 -60.5 -70.0 -84.0 HUM ..... -70.0 -58.0 -70.0 -64.0 

CALCULATED I FWD. FWD. FWD. CAUll.ATED FWD. FWD. FWD. 
SYSTEM I TRUNK TRUNK SYSTEM SYSTEM TRUNK TRLINK SYSTEM 
SPECIFK:A~S I PLVS PLUS TR+BR SPECIFK:A~S PLUS PLUS TR+BR 

I FIBER BROOER +LE(Sl FIBER BADGER +LE(Sl 
CIN ..... I -52.9 -52.3 -51.9 I ... CIN C!N ...... -48.8 -48.5 -48.4 I ... CIN 
CTB ...... 1 -64.4 -57.6 -55.1 1 ..• CTB CTB ...... -62.1 -57.1 -52.5 I ... CTB 
XM0 ....• 1 -64.3 -57.8 -55.1 1 .•• XMO XMO ...... -62.1 -57.1 -52.5 I ... XMO 
2ND ..... I -64.2 -62.4 -61.2 1 ... 2ND 2ND ...... I -64.2 -62.2 -59.8 1 ... 2ND 
HUM .... I -58.0 -56.0 -5~.1 I ... HUM HUM ..... I -56.0 -54.4 -51.9 1 ... HUM 

NOlES: PEFIFORMANCE NPA:>VEMENT ONLY. NOTES: 550 MHz UPGRADE/FIBER BACKBONE. 
THREE TRUNK AMPLIFIERS N CASCADE FROM FilER NODE. FOUR TRUNK AMPLIFIERS IN CASCADE FROM FIBER NODE. 

EXHIBIT 3 EXHIBIT 5 
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DHIIIT I, -~ LOCATION AND ~IIIII !lOUTING 1'011 TWO IN CASCAD~ 

IXHIIIT 7, IIDD~ LOCATION AND ~IIIII !lOUTING POll THII~~ IN CASCADE 

DHIIIT I, NODI LOCATION AND P'll£11 IIOUTIN8 1'011 ~OUR IN CASCADE 
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* ~liHIBIT I, TYPICAL TRUNK DIAGRAM FOR FIBER NODE PLUS TWO IN CASCADE 
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llCHIBIT 10, TYPICAL TRUNK DIAGRAM FOR FIB£R NODE PLUS THREE IN CASCADE 
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EXIIIIIT II, T'II'ICAL TRUNK DI-AII FOR FillER IIDDE PLUS fOUR IN CASCADE 

CATV SYSTEM DISTORTIONS 

SYSTEM NAME: FI!ERTEST FWD.BW 4.0 FWD. NOISE -59.2 
C\1\TE 7-Mar 1987 REV.BW 4.000 REV. NOISE -59.2 
MAHJFACl\JRER FIBER TRUNK BRDGER L.E. 
SI'ECFI::ATIOIS FF a> )QE 

----------------- ------------ ------------------
NOISE FIGURE , , .5 9.5 12.0 
CTB OJT1'UT CAP 38.0 48.0 47.0 
CTB RATING(-dBmv) -85.0 -65.0 -69.0 
XMOO OJT1'UT CAP 38.0 48.0 47.0 
XMOD RATING(-dBmv) -85.0 -65.0 -69.0 
2nd OUTPUT CAP 38.0 48.0 47.0 
2nd RATING(-dBmv) -87.0 -71.0 -73.0 
CHAN'IEL CAPACITY 77.0 77,0 77.0 
MANUFACTURER TILT 6.0 10.0 10.0 
HUM SPECFI::ATIOI • 70.0 ·70.0 -70.0 
SYSTEM 
SI'ECFI::ATIOIS FIBER TRUNK BRDGER L.E. 
------------------ ------------ ------------------
AMPLIFIER INPUT 9.3 19.3 19.0 
GAfj ORBR DC LOSS 30.0 -20.0 29.0 
DESAEDTLT 6.0 9.0 9.0 
AMPLIFER OUTPUT 39.3 48.0 48.0 
CIWH:l.I..QIIDN3 77.0 77.0 77.0 
~LENGTH 3.0 1.0 2.0 
CALCU.ATED 
EQUIPMENT 
SI'ECFI::ATIOIS FIBER TRUNK BRDGER L.E. 

··········-------- ··········-- ······------------
CIN ...... I -55.0 -52.2 ·69.0 ·63.2 
CTB .•.•.. I -65.0 -73.0 -64.3 ·60.3 
XMO ...... I -85.0 -73.0 -64.3 -60.3 

LOG .. 15.0 2ND ...... I ·65.0 -78.6 -71.0 -67.5 
HUM ...... I -70.0 -60·.5 -70.0 -64.0 

CALCU.ATED I FWD. FWD. FWD. 
SYSTEM I TRUNK TRUNK SYSTEM 
SI'ECFI::ATIOIS I PLUS PLUS TR+BR 

I FIBER BRDGER +LE(Sl 
CIN ...... I -50.3 -50.3 -50.1 \ ... C/N 
CTB ...... I -62., -57.1 ·52.5 \ ... CTB 
XMO ...... I -62., -57.1 -52.5 \ ... XMO 
2ND ...... I -64.2 -62.3 -59.8 \ ... 2ND 
HUM ...... I -58.0 ·58.0 -53., I··· HUM 

NOTES: 550 MHz UPGRADE/FIBER BACKBONE. 
THFEE TRUNK AMPUFIERS N CASCADE FROM FBER NODE. 

EXHIBIT 12 
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CATV SYSTEM DISTORTIONS 

SYSTEM NAME: FIBER TEST FWD. BW 4.0 FWD. NOISE -59.2 
C\1\TE 7-Mar 1988 REV.BW 4.000 REV. NOISE -59.2 
MAHJFACl\JRER FIBER TRUNK BRIDGER L.E. 
SI'ECIFI::ATIOIS FF a> )QE 

------------------ ----------·- ------------------
NOISE FIGURE , 1.5 9.5 12.0 
CTBOJT!'UT CAP 38.0 48.0 47.0 
CTB RATING(-dBmv) -85.0 -65.0 -69.0 
XMOO OJT!'UTCAP 38.0 48.0 47.0 
XMOD RATING(-dBmv) -85.0 -85.0 -69.0 
2nd OJT1'UT CAP 38.0 48.0 47.0 
2nd RATING(-dBmv) -87.0 -71.0 -73.0 
CHANNEL CAPACITY 77.0 77.0 77.0 
MANUFACTURER TILT 6.0 10.0 10.0 
HUM SI'ECFI::ATIOI -70.0 -70.0 -70.0 
SYSTEM 
SI'ECIFI::ATIOIS FIBER TRUNK BRIDGER L.E. 

----------------·- ·----------- ------------------
AMPLIFIER INPUT 11.0 21.0 19.0 
GAlli ORBR DC LOSS 30.0 -20.0 29.0 
DESIREDTLT 6.0 9.0 9.0 
AMPUFER OUTPUT 41.0 48.0 48.0 
CHANNEL LCWltiG 77.0 77.0 77.0 
~LENGTH 2.0 1.0 2.0 
CALCU.ATED 
EQUIPMENT 
SI'ECIFI::ATIOIS FIBER TRUNK BRIDGER L.E. 
------------------ ------------ ------------------

CIN ...... I -55.0 -55.7 -70.7 -63.2 
era ..... I -65.0 -73.0 -64.3 -60.3 
XMO ...... I -65.0 -73.0 -64.3 -60.3 

LOG .. 15.0 2ND ...... I -65.0 -79.5 -7, .0 -67.5 
HUM ...... I -70.0 -64.0 -70.0 -64.0 

CN..alATED I FWD. FWD. FWD. 
SYSTEM I TRUNK TRUNK SYSTEM 
SI'ECIFI::ATIOIS I PLUS PLUS TR+BR 

I FIBER I!RDGER +LE(Sl 
C/N ...... I -52.3 -52.2 -51.9 \ ... C/N 
CTB ...... I -62., -57., -52.5 \ ... CTB 
XMO ...... I -62., -57.1 -52.5 \ ... XMO 
2ND ...... I -64.3 -62.3 -59.9 \ ... 2ND 
HUM ...... I -60.5 -58.0 -54.4 I---HUM 

NOTES: 550 MHz UPGRADE/FIBER BACKBONE. 
TWO TRUNK AMPLIFIERS IN CASCADE FROM FilER NODE. 

EXHIBIT 13 

CATV SYSTEM DISTORTIONS 

SYSTEM NAME: FIBER TEST FWD.BW 4.0 FWD. NOISE -59.2 
C\1\TE 7-Mar 1988 REV.BW 4.000 REV. NOISE -59.2 
MANJFACTURER FIBER TRUNK BRDGER L.E. 
SI'ECFI::ATIOIS FF a> PO 
------------------------------- ------------------
NOISE FIGURE , , .5 9.5 13.0 
CTB OJT1'UT CAP 38.0 48.0 45.0 
CTB RATING(-dBmv) -85.0 -65.0 -67.0 
XMOO OJT1'UT CAP 38.0 48.0 45.0 
XMOD RATING(-dBmv) -85.0 -65.0 -67.0 
2nd OUTPUT CAP 38.0 48.0 45.0 
2nd RATING( -dBmv) -87.0 -71.0 '73.0 
CHANNEL CAPACITY 77.0 77.0 77.0 
MANUFACTURER TILT 6.0 10.0 10.0 
HUM SI'ECIFICATIOI -70.0 ·70.0 -70.0 
SYSTEM 
SI'ECIFI::ATIOIS FIBER TRUNK BRDGER L.E. 
-----------------. ······-····-- ------------------
AMPLIFIER INPUT 8.0 18.0 15.0 
GAIN OR BR DC LOSS 30.0 -20.0 29.0 
DESIREDTR..T 6.0 9.0 9.0 
AMPLIFIER OUTPUT 38.0 47.0 44.0 
CHANNELLOADNG 77.0 77.0 77.0 
~LENGTH 4.0 1.0 3.0 
CAI.alATED 
EQUIPMENT 
SI'ECIFI::ATIONS FIBER TRUNK BADGER L.E. 
---------------··. ·······------ -·---·· ····-···-·· 

C/N ...... \ ·55.0 ·49. 7 ·6 7. 7 -56.4 
CTB ...... \ ·65.0 • 73.0 ·66.3 -58.8 
XMO ...... \ -65.0 • 73.0 -66.3 -58.8 

LOG .. 15.0 2ND ...... \ -65.0 ·78.0 -72.0 -66.8 
HUM ..... I ·70.0 ·58.0 -70.0 -60.5 

CN..alATED I FWD. FWD. FWD. 
SYSTEM I TRUNK TRUNK SYSTEM 
SI'ECIFI::ATIOIS I PLUS PLUS TR+BR 

I FIBER BADGER +LE(Sl 
C/N ..... \ -48.6 -48.5 ·4 7.9 \ ... C/N 
CTB .. ... \ ·62., • 57.9 -52.3 \ ... CTB 
XMO .. ... \ -62., -57.9 -52.3 \ ... XMO 
2ND. .... \ ·64.2 ·62.5 ·59.8 \ ... 2ND 
HUM ..... I ·56.0 ·54.4 ·50.9 I ... HUM 

NOTES: 550 MHz UPGRADE WITH THREE PO LINE EXTENDERS. 
FOUR AMPLIFIERS IN CASCADE FROM FIBER NODE. 

EXHIBIT 14 



CATV SYSTI!M DISTORTIONS 

SYSTEM NAME: FIBER TEST FWD.BW 
REV.BW 

4.0 
4.000 DATE 7·Mar 1988 

MANJFAClURER 
SPECIFCATla'IS 

NOISE FKJUR: 
CTBOJTPUTCAP 
CTB RATING(·dBmv) 
XMODOJTPUTCAP 
XMOD RATING(·dBmv) 
2nd OJTPUT Cfll' 
2nd RATING( ·dBmv) 
CHANNEL CAPACITY 
MANUFAClURER Tli..T 
HUM SPECIFICATla'l 
SYSIEM 
SPECIFICATla'IS 

AMPLIFIER INPUT 
GAIN OR BA DC LOSS 
DESIRED TILT 
AMPLIFER OUTPUT 
CHANNELLOADN3 
C/IS:XE LENGTH 
CALQJ.ATED 
EOUIA!ENT 
SPECIFCATla'IS 

FIBER 

-----------·-

FIBER 
-------------

FIBER 

TRUNK 
FF 

11.5 
38.0 

·85.0 
38.0 

·85.0 
38.0 

·87.0 
77.0 

6.0 
·10.0 

TRUNK 

8.0 
30.0 

6.0 
38.0 
77.0 

4.0 

TRUNK 

CIN ...... I ·55.0 ·49. 7 

LOG .. 15.0 

CALCULATED 
SYSIEM 
SPECIFCATla'IS 

CTB ...... I ·65.0 -73.0 
XM0 ...... 1 ·65.0 ·73.0 
2ND ...... I ·65.0 ·78.0 
HUM ..... ! ·70.0 ·58.0 

I FWD. FWD. FWD. 
I TRUNK TRUNK SYSTEM 
I PLUS PLUS TR+BR 
I FIBER BADGER +LE(S) 

CIN ...... j ·48.6 ·48.5 ·48.3 
CTB ...... j ·62.1 ·57.9 ·49.0 
XMO ...... j ·62.1 -57.9 ·49.0 
2ND ...... j ·64.2 ·62.5 ·59.0 
HUM ..... ! ·56.0 ·54.4 -50.9 

NOTES: 550 MHz UPGRADE WITH THREE PO LINE EXTENDERS. 
FOUR AMPLIFIERS IN CASCADE FRJM FIBER NODE. 

EXHIBIT 15 

FWD. NOISE 
REV. NOISE 
BADGER L.E. 

CP 

·59.2 
·59.2 

------------------
9.5 9.5 

48.0 46.0 
·65.0 ·59.0 

48.0 46.0 
·65.0 ·59.0 

48.0 46.0 
• 71.0 • 70.0 

77.0 78.0 
10.0 10.0 

• 70.0 ·10.0 

BADGER L.E. 
----·-------------

18.0 18.0 
·20.0 28.0 

9.0 9.0 
47.0 44.0 
77.0 77.0 

1.0 3.0 

BADGER L.E. 

·6 7. 7 
·66.3 
·66.3 
·72.0 
. 70.0 

·60.9 
·52.9 
·52.9 
·64.8 
·60.5 

j ••• CIN 
j ..• CTB 
j ••• XMO 
j ••• 2ND 
! ... HUM 
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A UNIQUE CABLE ADVERTISING INTERCONNECT 

Norman Weinhouse 

Norman Weinhouse Associates 
Woodland Hills, California 

ABSTRACT 

A partnership venture between several 
cable companies is currently implementing 
an interconnect for the Greater Los 
Angeles Area of Dominant Influence (AD! 
in advertising terminology). The system 
is unique, but could be cost effectively 
applied to other markets. 

The method employed combines existing 
technologies in a unique manner to achieve 
the desired end result. Operation of 
the system is totally automatic and 
requires no manpower from the cable 
company affiliiates. Available inventory 
is shared between the cable company and 
the interconnect. This sharing of inven
tory is flexible. Breaks can be alter
nated or shared within an available time 
slot. 

INTRODUCTION 

The Los Angeles AD! represents a 
huge market for television advertising. 
It is estimated that over a billion 
dollars is spent by advertisers in this 
market annually. Within this AD! there 
are a large number of cable systems of 
various size. In the City of Los Angeles 
alone, there are 14 separate franchises. 
Regional advertisers have been reluctant 
to use cable because of this fragmenta
tion and, in general , cable advertising 
has not been done in a professional 
manner compared to broadcasters. 

Furthermore, this AD! covers an 
immense geographical area. Figure l 
shows the five counties of Los Angeles, 
Orange, San Bernardino, Riverside and 
Ventura. The topography ranges from 
extremely high urban population density 
to remote desert and rugged mountain 
areas. It is obvious that a terrestrial 
interconnect would be extremely expensive 
to implement. A solution utilizing the 

distance insensitivity of satellites is 
employed in this interconnect. The 
satellite is used sparingly. Only the 
spots to be aired are transmitted at off 
hours for only a few hours a week, thereby 
reducing the cost of transportation. 

SYSTEM OVERVIEW 

Figure 2 shows how various elements 
of the system are connected to form the 
interconnect. 

A Central Hub station is established 
as business and control center for the 
interconnect. Each affiliated cable 
system is equipped with a Commercial 
Insertion System (CIS) located at the 
cable company head end. This CIS is in 
addition to the CIS which may exist to 
provide ad insertions by the cable company. 
The Central Hub and remote CIS's are 
connected by telephone land line. The 
interconnect CIS's are equipped with 
Record/Player VCR's rather than Play 
Only VCR's. 
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Figure 2 - Interconnect Overview 

The Hub compiles a master 1" tape 
from spots which are supplied by ad 
agencies or the advertisers. Periodically, 
as schedule dictates, this master tape 
is transmitted by satellite, and recorded 
by the remote CIS's. This transmission 
and recording session is done at off 
hours that doesn't conflict with either 
normal satellite programming on that 
transponder or with the commercial inser
tion schedule. Insertion into the pro
grams providing availabilities is done 
automatically on cue in the usual manner. 
The telephone line(s) are used to down
load schedules, provide status and 
verifications in the recording process, 
provide verification of spot play, and a 
host of other communications functions. 

Initially, four programs for com
mercial insertion (ESPN, CNN, USA, and 
MTV) will be implemented. The system 
software can accommodate up to 20 programs. 
Additional programs will require additional 
hardware. The initial hardware is con
tained in a single rack of equipment. 
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SYSTEM DESCRIPTION 

Central Hub Facility 

The Central Hub contains two major 
subsystems. They are: Tape Preparation 
and Traffic and Control. Figure 3 is a 
sketch of the equipment layout. Profes
sional equipment containing the neces
sary editing, compiling, library, control 
and business functions are included. A 
high degree of automation is employed, 
such that it is expected that only a 
single operator will be required, although 
multiuser software will allow expansion 
if required. 

The Control and Trafficking Sub
system contains two separate 386 class 
computers for each of the functions. 
Under normal conditions, one computer is 
used for system control and the other 
for trafficking function. In case of a 
failure in either computer, the other 
one can perform both functions albeit at 
a slower rate. A measure of redundancy 
is thereby obtained. 
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The tape Preparation Subsystem will 
accept 1" and/or 3/4" spots with either 
mono or stereo audio from advertisers or 
agencies and compile a master 1" tape 
for subsequent transmission by satellite. 
At the present time, the uplink is sep
arated from the Central Hub, and the 
master tape is hand carried to the uplink 
station. The master tape is coded with 
a header (two minutes maximum) containing 
a directory of spots with frame code 
information on the location of the spots. 
This directory is FSK modulated with 
error correcting codes on the tape. The 
frame code data is a numerical designa
tion placed in the video vertical interval 
at the start and stop frames of each 
spot. The frame codes are subsequently 
used at the affiliate location for veri
fication of recording and playback (air). 

Commercial Insertion System (CIS) 

Figure 4 is a functional block 
diagram of the Interconnect CIS, and 
Figure 5 is a rack layout sketch. The 
VCR's used are the Sony 9600 which have 
a number of performance enhancements 
over the previous U Matic machines. 
This machine has a faster roll/sync time 
as well as a faster slew time than earlier 
machines. In addition, there are the 
following improvements: 

• Improved video performance (SP) 

330 Line horizontal resolution (4.2 
MHz response) 

46 db (min), S/N-color 

• Improved audio performance 

70 db S/N, using Dolby C encoding -
will be used 

2% total harmonic distortion 

balanced audio - 600 ohms, input 
and output 

• Improved wow and flutter 

.18% RMS 

• Sync input 

• Frame coding in vertical interval 

The interconnect CIS operates totally 
independent of any other ~IS which the 
cable company may have for local commer
cial insertion. A protocol is establi~hed 
such that if a failure occurs in either 
interconnect or local CIS, signal will 
revert to the other CIS or to program 
video. Program video always has priority. 
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The main functions of the inter
connect CIS is given in the following 
description of the recording and playback 
process. 

Recording Process 

The following.sequence of events 
describes the recording session of the 
interconnect: 

• Log of schedule and an approximate 
time of recording start is sent to 
all CIS's by land line and entered 
into the CIS database. 

• CIS's confirm and acknowledge 
Record Sequence Command over land 
line. 

• Cue from satellite feed orders all 
machines to record mode, rewind and 
prepare to record. 

• Cue from satellite feed orders 
machines to roll. 

• Time code or frame code in vertical 
interval containing log is stored 
in CIS memory. 

• At conclusion of recording session, 
a comparison of the recorded tape 
and the database is made. 

• If a malfunction is denoted, a 
discrepancy report is submitted to 
the Hub via the land line. 

• Hub has the option of re-recording 
on a selective basis to those CIS 
where a discrepancy is noted. 

Playback Features 

• Unattended playback - 4 channels 
(initially), using normal cue from 
program. 

• Insertion instructions (log) from 
Hub are stored in Non Volatile 
Memory. 

• Spot length flexibility - 1 second 
to 1 hour. 

• No loss of sync. 



• Sharing of breaks and/or split 
alternate breaks with affiliate. 

• Insertion log maintained as 
completed and transmitted to Hub on 
demand. 

• Positive (Frame Accurate) readers 
for start/stop run of spots for 
verification. 

l Space for growth 
(2 additional channels) 

J Output Switches 

m .,.] 

JICJ col 

] !ru;ection Conrrol Equipment 

DO ... 
-~~DOD~~ 
DO ... 
-~~ooo~:O Quantity 4, Sony VO 9600 
DO ... 
-~~ODD~~ 
DO ... 
-~~ooo~:O 

Figure 5 - CIS, Rack Layout 

TELEPHONE LINE USE 

Telephone lines play a very important 
function in the interconnect, as can be 
seen from the description of the recording 
session and playback operation. After a 
careful study, a decision was made to 
use dedicated tie lines between the Hub 
and Affiliates rather than dial up lines. 
The modems used are smart modems (up to 
2,400 baud rate), and use a communica
tions software package with error 
correcting protocols. 

SUMMARY 

An advertising interconnect which 
will inure to the benefit of the cable 
company partners and the cable company 
affiliates has been described. Every 
attempt has been made to use state-of
the-art technologies in a thoroughly 
professional manner in the implementation. 
This interconnect should get the atten
tion of advertisers and agencies who are 
accustomed to dealing with broadcasters. 
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Agile Modulator Characteristics and Their Effects on CATV Systems 

William Woodward 

Scientific Atlanta 

Over the past few years numerous 
video modulators which allow the user to 
select their output frequency have been 
introduced to the CATV market. 
Initially these frequency agile 
modulators were only used for back up of 
fixed channel modulators in CATV 
Headends, because they were 
significantly more expensive than fixed 
channel modulators. With increased 
interest in SMATV systems, numerous 
inexpensive frequency agile modulators 
have been introduced. Some of these 
"SMATV" modulators made their way into 
CATV applications, which precipitated 
the introduction of several cost 
effective "CATV Quality" frequency agile 
modulators intended for general Headend 
use. The CATV operator now has a large 
field of modulators to choose from. 
While frequency agile modulators offer 
numerous advantages, it is important to 
consider some additional performance 
parameters that have not historically 
been reflected in the specifications 
used to characterize fixed channel 
modulators. It is possible for two 
modulators to appear to have the same 
performance but actually have radically 
different performance. To understand 
the causes of these differences, it is 
necessary to understand how the fixed 
channel and frequency agile modulator 
differ in construction. 

Basic Modulator Description 

Most fixed channel modulators have 
a topology similar to that shown in Fig. 
1. The baseband video signal is AM VSB 
modulated onto a 45.75Mhz carrier in the 
IF modulator block. This signal is 
typically run through a variable 
attenuator which ultimately provides the 
output level control. The 45.75Mhz IF 
signal is then processed in the output 
converter where it is hetrodyned in a 
mixer with a local oscillator which has 
a frequency 45.75Mhz above the desired 
output frequency. The output of the 
mixer is filtered and amplified to 

provide the final output signal. 
The vast majority of frequency 

agile modulators have a topology similar 
to that shown in Fig. 2. In this system 
the IF modulator block is very similar 
to the IF modulator block of the fixed 
channel system, with the exception that 
the level control has been moved to the 
output converter block. The reason for 
this will be discussed later. The 
output from the IF modulator block is 
then hetrodyned in a mixer with a high 
frequency local oscillator (typically 
600Mhz to 900Mhz). The mixer product 
which is the sum of the two signals is 
filtered and amplified. This produces a 
high frequency second IF signal. From 
the output of the upconvert~r the signal 
goes to the downconverter block where it 
is hetrodyned with a high frequency 
local oscillator which has a tuning 
range equal to the modulator output 
tuning range. The difference product 
produced in the output mixer is the 
desired output frequency. Different 
channel frequencies are obtained by 
changing the downconverter local 
oscillator frequency. The signal from 
the mixer is lowpass filtered, sent 
through a variable attenuator and 
amplified to produce the modulator 
output. Both of these block diagrams 
are typical of their type of modulator 
and may not exactly describe any 
particular modulator on the market. 

Since the IF modulator block of the 
fixed channel modulator and the 
frequency agile modulator are 
essentially the same, specifications 
which describe the functions of these 
blocks for a fixed channel modulator are 
generally quite adequate for both types 
of modulators. These include 
Differential Gain, Differential Phase 
and Tilt to name a few. The 
specifications which describe the 
converter portion of the modulator must 
be more detailed for frequency agile 
modulators. 
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The following output converter 
performance parameters will be 
considered: 

1. Spurious Signals 

2. Thermal Noise 

3. Phase Noise 

Spurious Signals 

In the CATV industry it is 
generally accepted that all spurious 
signals at the output of a piece of 
Headend equipment should be at least 60 
db below the desired video signal. The 
primary sources of spurious signals in 
fixed channel modulators are output 
converter local oscillator leakage and 
2-tone intermodulation between the video 
and audio carriers. The primary reason 
that these are the only spurious signals 
which cause a problem in a fixed channel 
modulator is that the output converter 
mixer is filtered with a narrowband 
filter which removes all other spurious 
signals. Filtering these two signals, 
however, can be difficult because of the 
intermodulation product's close 
proximity to the desired signal and the 
high power level of the local oscillator 
leakage coming out of the mixer. It 
should be noted that these signals 
change frequency when the channel 
frequency changes and do not combine 
with the same spurious signals from 
other modulators. 

In the case of the frequency agile 
modulator the above mentioned spurious 
signals are present (they are produced 
in the upconverter block of the output 
converter), however numerous others may 
also be present. Since the 
downconverter typically has an output 
passband from SOMHz to SSOMhz, any 
spurious signals produced in the 
downconverter mixer or output amplifier 
chain could be present at the output. 
This includes harmonics of the desired 
signal and numerous mixer products. 
Since all of these spurious signals 
change frequency as the output changes 
frequency, they generally do not fall on 
the same frequencies as the spurious 
signals from other modulators and should 
not cause a problem if they are 60db 
below the desired signal. It is 
possible, however, to have spurious 
signals in the output which don't change 
frequency as the output frequency 
changes. These fixed frequency signals 
might, for example, be produced by 
microprocessor and frequency synthesizer 

clocks and their harmonics, which fall 
into the SOMhz to SSOMhz band. These 
signals can get into the output portion 
of the output converter if there is 
inadequate signal isolation and 
decoupling on the printed circuit boards 
and modules which make up the modulator. 
Since all of the modulators of a 
particular design will have these 
spurious signals (if they are present) 
at the same frequencies, they will add 
together at the headend combiner. These 
signals will combine on a power basis so 
the following equation will determine 
the spurious signal level at the Headend 
combiner output: 

S=K+10Log(N) 

where 
N=Total number of Agile Modulators 
K=Spurious rejection of one 

modulator (dBc) 
S=System spurious level (dBc) 

As an example consider a modulator 
with a fixed frequency spuri~us signal 
which is -60dBc. If SO of these 
modulators were used in the system the 
spurious output at the system output 
would be: 

-60 +10 log 50.= -43db 

This demonstrates that spurious 
signals which do not change frequency 
when the output frequency of a frequency 
agile modulator changes, should be much 
less than -60dbc if multiple modulators 
are to be used. Furthermore, the 
acceptable level of these spurious 
signals depends on how many frequency 
agile modulators are to be used in the 
system. 

Thermal Noise 

The next area where the 
specifications which have historically 
been used to describe fixed channel 
modulators are not adequate is the 
carrier-to-noise specification. Before 
dealing with the specifications 
themselves let us first review the 
sources of thermal noise in both 
modulator types. All active devices add 
to the theoretical noise power of a 
resistive source which has equal noise 
energy at all frequencies. Ideally, 
passive filters limit the bandwidth of 
these noise sources without adding any 
noise of their own and thus reduce the 
overall noise output power of the 
system. 
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In the case of a fixed channel 
modulator the last circuit before the 
output is almost always a narrow 
bandpass filter. This filter will 
usually limit the bandwidth over which 
the modulator contributes noise to the 
system to between 12Khz and 18Khz. 
Because of this, the single channel 
modulator does not make a significant 
contribution to system noise in any 
channels other than its own output 
channel and its adjacent channels. 

Unlike the single channel modulator, 
the frequency agile modulator has no 
narrowband filter in the output 
amplifier chain. All of the noise 
produced in the amplifiers will be 
present at the output. The only 
bandwidth limiting occurs in the 
upconverter. This causes the typical 
agile output converter to have a noise 
output spectrum similar to that in Fig. 
3. There are some manufacturers who 
have several filters in their down 
converters, each of which is wide enough 
to pass several channels. A particular 
filter is automatically chosen for any 
given output channel. This will reduce 
the wideband noise output of the 
modulator, however this modulator 
topology will still have a wideband 
noise output which is greater than the 
wideband noise output of a single 
channel modulator. 

To demonstrate this point consider 
the following. The carrier to noise 
(C/N) specification is defined as the 
ratio of carrier power to noise power in 
a 4.2Khz bandwidth occupied by the video 
modulation. In reality, the noise 
bandwidth of a typical modulator is more 
on the order of 18Khz. The total noise 
contribution from a fixed channel 
modulator would be to the channel of 
interest and to the two adjacent 
channels. From this it can be seen that 
the system noise of a particular channel 
would be 3 times the noise of a single 
channel (The noise from the channel 
modulator plus the noise from the 
adjacent channel modulators). The 
combined Headend output C/N for a system 
made up of 50 single channel modulators 
with a 60db C/N would be: 

C/N(sys)=C/N-10Log(3) 

C/N(sys)=60-l0log(3)•56db 

If a similar system were built with 50 
frequency agile modulators with the same 
C/N specification, and if the broadband 
noise level of these modulators were the 
same as their in-band noise level, the 
combined Headend output C/N would be: 
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C/N(sys)•60-10Log(50)~43dB 

However, this is not necessarily the 
case, since a properly designed 
frequency agile modulator will 
contribute much less noise as the 
frequency spacing from the carrier 
increases. Note that such performance 
would not be indicated by the C/N 
specification which has historically 
been used. A simple carrier-to-noise 
specification is not adequate to 
characterize the noise performance of a 
frequency agile modulator. Frequency 
agile modulators require an in-band C/N 
specification and a wide-band 
specification which characterizes the 
out-of- channel noise performance of the 
modulator. 

In addition to having a C/N 
specification, which usually implies a 
measurement with the output at its 
maximum level, it is important for the 
C/N specification not to decrease 
significantly as the modulator output 
level decreases. This is a function of 
where the output attenuator is placed in 
the modulator signal path. The closer 
the attenuator is to the output ot the 
modulator the less the C/N decreases as 
the signal level decreases. 

Phase Noise 

The third area where fixed channel 
modulator specifications are not 
adequate to describe frequency agile 
modulators is in the phase noise 
specification. A phase noise 
specification has never been required in 
fixed channel modulators because the 
local oscillators are generally crystal 
oscillators which have very low phase 
noise. In the few cases where 
synthesized local oscillators are used, 
their tuning range is small enough and 
their operating frequency low enough 
that their phase noise is quite low. 
This might not be the case with 
frequency agile modulators. 

Phase noise in frequency agile 
modulators can be broken into three 
categories, oscillator thermal noise, 
powerline related noise and reference 
sideband noise. Fortunately, the 
designs of most televisions make them 
tolerant to phase noise. Excessive 
phase noise can however decrease the 
video signal-to-noise ratio, create 
audio demodulation and stereo decoding 
problems, and make it impossible to use 
a synchronous video demodulator to 
demodulate the video signal. For these 
reasons the phase noise performance of a 



frequency agile modulator should be 
considered, with preference being given 
to units with the lowest phase noise. 

Conclusions 

As has been shown here, frequency 
agile modulators are a useful piece of 
equipment for the CATV Headend, however 
before choosing a modulator it is 
important to consider the additional 
characteristics discussed in this paper. 
It has been shown that frequency agile 
modulator performance with respect to 
these characteristics is especially 
important when multiple units are' 
operating on the same system. 
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ANI AS A PPV ORDERING TOOL 

Jefferson Corbett and Glynda Caddell 

Business Systems, Inc. 

ABSTRACT 

The Cable Television Manager searches 
for ways to make Pay-Per-View profitable 
in his cable system; higher penetration at 
a lower cost per order is his dream. 
Automatic Number Identification has 
answered this call with a easy to use, low 
cost, 24 hour a day method for subscriber 
ordering. This can reduce the number of 
CSR's and business phone lines needed, and 
provide cost effective uimpulseu ordering 
without the need for thousands of dollars 
of specialized equipment. 

INTRODUCTION 

I first heard of Automatic Number 
Identification (ANI) and its applications 
for ordering Pay-Per-View events three 
years ago. I was representing Bus~ness 
Systems, Inc. (BSI) at an Addressab11ity 
conference for billing system vendors. 
After hours of discussion about ANI and 
other PPV ordering methods, the drawbacks 
of ANI were obvious to most of us: 

• a demanding 
requirement 
system 

response time 
for the billing 

• no immediate positive or negative 
feedback to the subscriber 

t no security from unauthorized use 
by children in the home 

t no convenient method for 
selecting a specific converter 

I heard rumors of cable systems 
experimenting with ANI, but good things 
rarely make their way into rumors, so what 
I heard were the problems, the failures, 
of these first tries. BSI held a steady 
course in PPV ordering, offering manual 
and Audio Response Unit (ARU) methods of 
ordering events. Then, last Spring, BSI 
agreed to participate in an ANI test with 

one of its Cable Television Management 
System (CTMS) customers. I was called in 
to lead the software development 
interfacing with the telephone company 
turning phone calls into authorized 
converters and line items on cable service 
bills. 

Remembering every (bad) thing I knew 
about how ANI worked for ordering PPV 
events, I was not initially excited about 
the project. However, with the continuous 
addition of newer, faster, cheaper 
computers to the product line of Digital 
Equipment Corporation and the addition of 
a new, more efficient programmin~ language 
to our development arsenal, th~ demanding 
response time requirement became less of a 
burden. The thing that really got me 
excited about ANI as an ordering tool, 
however, was that the phone company was 
going to allow us to indicate which of two 
recorded messages should be given to the 
caller. 

MULTIPLE MESSAGES 

With this new ability, we could then 
indicate to a caller who attempted to 
order the 5:00 PM movie at 6:30 PM, that 
his otder was not being accepted. He 
would then be able to check his ordering 
instructions, dial the phone number for 
the 7:00 PM event which he really wished 
to order in the first place, and get a 
message indicating that his call was 
accepted. The "reject" message would also 
be given to those callers: 

• whose phone number we didn't 
recognize as a valid subscriber, 

• who don't have an addressable 
converter in their home, or 

• who are behind in their payments 
(of course). 
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By informing the subscriber with a 
"reject" recorded message, the hostility 
caused when the caller expects to receive 
the event is alleviated. Then, when the 
problem is corrected, the caller usually 
is more likely to order. 

~ IN ~ TELEPHONE SWITCHING SYSTEM 

A brief description of ANI is probably 
overdue at this point. An ANI ordering 
system is much like the new enhanced 9-1-1 
systems in use in cities and counties 
across the country. In this test 
configuration, which involves a part of 
the city of Atlanta, special equipment is 
needed only at one central office where 
the Modular Services Node (MSN) is 
located. When the number is dialed, the 
tandem switch, which connects the 
exchanges at the caller's central office 
with the other central offices throughout 
Atlanta, "knows" from the three digit 
prefix, or exchange number, both the 
central office which handles calls with 
that prefix and that the number of the 
calling party should be sent with the 
outgoing call for identification. This 
function is not much different from what 
happens when any phone call is made, 
making special equipment unnecessary in 
each central office. Also, since the 
dialing of the phone number is the only 
subscriber action needed to complete the 
transaction, a rotary phone will work as 
well as a "tone" phone. 

When the call reaches the MSN' s 
central office, the tandem switch sends 
the call to the MSN, instead of to another 
exchange's switching equipment as would 
happen with a normal phone call. From 
here the MSN makes a data packet 
containing the caller's phone number and 
the phone number he called and sends it 
via 2400 baud modems over a leased line to 
the computer at the cable office. The 
subscriber phone number database is then 
searched for a match with the caller's 
number. If the caller can be identified 
as a valid subscriber, the order is taken; 
otherwise the reject is logged for later 
reporting. The same modem link is used to 
inform the MSN that the call may be 
completed. The MSN then picks up the 
phone (usually before the second ring) and 
plays a recorded message and hangs up. 
The entire process, from the time the last 
digit of the phone number is dialed to 
when the MSN hangs up the phone, takes 
less than 16 seconds. 

SYSTEM TESTING 

Since both the telephone company and 
BSI were developing new software to 
process the calls, six weeks were allotted 
for testing the communication between the 
MSN and the BSI computer. The first three 
weeks and the last were the busiest 
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testing days. The first problem 
identified was that the wrong type of 
leased line had been installed. Our 
modems both used two wire; four wire had 
been set up. While we awaited resolution 
of this problem, we tested over dial up 
modems between BSI's office at Greenville, 
SC and the telephone company's development 
center. After several days of testing the 
transport protocol . (ANSI X3. 28-1976) we 
had worked most of the obvious bugs out. 
We then moved to checking the information 
we were passing back and forth. This part 
worked well almost immediately. The last 
day before we were scheduled to "go live," 
one or two minor glitches were isolated 
and corrected. The phone company also 
tested our response times under peak 
loads. After adjusting the priority of 
the ANI handling software, we were easily 
within acceptable limits. 

The only major outage for the ANI 
service came as a result of a late summer 
thunderstorm, which blew an asynchronous 
communications port which was connected to 
the Scientific-Atlanta Addressable 
Transmitter (ATX), the communications port 
of that ATX, the phone company's four-wire 
to two-wire converter on the cable 
company's end and half the power in the 
cable office. The ANI system was up 
within a day, after the phone company 
checked out and repaired their equipment 
and a spare ATX was put in place until the 
damaged one could be repaired. 

ORDERING DETERMINATION 

The ANI system determines what the 
subscriber wishes to order by the dialed 
phone number. In the numbering scheme 
designed by the cable company, a block of 
twenty phone numbers was reserved for each 
of two pay-per-view channels. The 
fourth and fifth digits matched the 
channel number (i.e. 340-53xx for channel 
53 and 340-54xx for channel 54). The 
first three digits were determined by the 
phone company to indicate the exchange 
number. The final two digits indicated 
the particular showing time. Using this 
method it is possible to order an event 
several hours in advance. It is also 
possible to order the event after it has 
started. The cable system defined limit 
for ordering, after the event begins, is 
thirty minutes. 

THROUGHPUT 

In this configuration, sixteen trunk 
lines have been dedicated to the service, 
allowing sixteen simultaneous calls. Each 
call takes sixteen seconds allowing for an 
average throughput of 1 call per second. 
Using the number and length of messages 
required to complete a call, the average 
throughput of the data link between the 
MSN and the CTMS can be calculated at 



approximately 3 calls per second. The 
CTMS can handle loads of more than 5 calls 
per second before system performance 
significantly begins to degrade, and its 
worst case response time under these 
conditions is less than 300 milliseconds. 

CONCLUSION 

In the ANI test implementation by BSI 
with North DeKalb Cable TV, customer 
support representatives reported that ANI 
was easily and readily accepted by 
subscribers formerly ordering by manual 
methods. Further, one month after the ANI 
system was in full operation, buy rates 
went from an average of eight previous 
months at 5.05% to 12.84%. This trend has 
been reported to be continuing with ANI 
orders now accounting for an average of 
90% of all pay-per-view buys. ANI is 
providing a major contribution not only to 
improvement of pay-per-view activity, but 
also to overall profitability since the 
ANI operations are handled on an 
unattended basis running 24 hours each 
day. 
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AUDIO CONSIDERATIONS IN SATELLITE TRANSMISSION 
TO CABLE TELEVISION SYSTEMS 

John Berry 

Group W Satellite Communications 

ABSTRACT 

Television, by it's name, is usually thought of 
as the transmission of v.ideo images .. ~ut much of 
the information we rece1ve from telev1s1on comes 
from the audio portion of the program. As m~re 
programming is delivered to cabfe system~ v1a 
satellite, it is important for the ~ystem e!lg1.neer 
to understand the various aud1o transm1ss1on . 
techniques used in the industry. This paper W!ll 
begin with some backround as to why th1s subject 
should be of concern to today's cable system. 
engineer. It will also review some aud1o bas1cs 
that the reader should be familiar with. Then the 
three most common forms of transmissio!l ~re. 
discussed pointing out advantages and hm1tat1ons 
of each one. Next, we will review the most 
commonly reported problems and some of the 
factors that contribute to them. Finally, the paper 
will discuss types of audio testing normally 
performed and give a step by step approach to 
system alignment. 

NEW AWARENESS OF AUDIO 

In the early days of television, not very much 
attention was paid to the audio that was 
accompaning the new pictures being brought into 
the home. The consumer was too facinated by the 
new technology to be very critical about it's 
quality. The TV receivers themselves h.ad small 
speakers and simple circuit!)'. And b~s1des that, 
the only comparison was with the rad1o or 
phonograph quality of the day , so all in all 
television sound was quite acceptable. 

The situation today is quite different. . 
Modern day television v1e~ers have b~com.e qu1te 
aware of the quality of aud1o they are hstenmg to. 
The consumer electronics revolution has brought 
items like high quality stereo SY,St~ms, CD players, 
and hi-fi VCR's mto a large majonty of homes. 
Even the audio systems m our cars offer s~und 
reproduction far above what was ava1lable m the 
best home stereos 10 years a!Jo. In addition, as the 
broadcast industry moves rap1dly towards 
implementing BTSC, more stereo capable, and 
component TV systems are being sold. These 
consumers many of them cable subscribers, are 
becoming more discriminating about t~e ~udio 
signal quality they recieve. Therefore 1t IS 
imperat1ve tflat t~e ca~le system e.ngineer be as 
well versed in th1s subject as poss1ble. 

AUDIO BASICS 

A sound is produced by waves that cause 
pressure changes in the human e~r. In order to 
transmit these sounds they must f1rst ~e changed 
to electrical signals .which we call aud1~. A . 
transducer, i.e. a m1crophor:'e, does th1s c~nver~1on 
and produces a signal that IS a complex s1nuso1dal 
waveform with a frequency range of 50Hz to 
15kHz. This is the range that most humans 98-n 
perceive. The amplitude of the wave determmes 
how loud or soft we hear it. The goal of any good 
transmission medium is to allow the signal to be 
reproduced in as close a quality to tha original as 
possible. 

Measurement 

Scientific studies show that the human ear·~ 
response to sound is not linear, but ~ather, act~ m 
a logarithmic manner. Thus a doubling of aud1o 
power is only perceived as a slight chang~ in 
volume. In order to handle the math of th1s 
relationship, most audio signals are measured 
using special units. There are two commonly used 
scales m audio work, the first being dBm .. A lev~l 
of 0 dBm is equal to a power of 1 mW delivered mto 
a 600 ohm load. Any good cable engineer should be 
familiar with the dB measurement system. 

The second commonly used scale is the 
Volume Unit or VU. This is usually measured on a 
special type of meter that has circuitry to handle 
the complex waveforms of active audio. It is us.ed 
to monitor the average program level of an aud1o 
signal. While they are related, and often confused 
w1th one another, the dBm and the VU are two 
different measurements. 

Average, Peak, and Loudness 

We need to understand three other terms used 
in audio work; Average, Peak and Loudness. 
Average audio usually refers to measurements over 
a period of time as seen on a VU meter. The 
center of the vL.i meter is considered OVU. The 
"peaks" that are seen on the VU meter are n~t the 
peak levels of the audio however. Peak aud1o level 
refers to the instantaneous maximum level of an 
audio signal and is usually measured on.a PPM . 
(Peak Program Meter) .. The seal~ used. Is dBm. Th1s 
is another specially des1gned aud1o dev1ce that can 
react fast enough to capture the peak levels of 
active audio. 
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Loudness refers to the relative amount of 
volume that our ear hears. It has a definite 
relationship to average and peak program level. 
A program that has lleen processed to produce a 
high average audio level will be perceived as 
louder than one which has higher instantaneous 
peaks but a lower overall average. Tuning through 
the FM broadcast band in any major market will 
demonstate this concept. 

Stereo 

As the requirement to deliver stereo 
programming increases, it is important to 
understand what aspects of stereo can be affected 
by satellite transmission. In it's most basic form 
stereo attempts to simulate to the listener the 
effect of sound coming from two different 
directions, cleverly refered to as L(eft) and 
R(ight). Monaural sound is the combination of both, 
or l+Ft Audio engineers spend a lot of time 
setting up microphones to achieve this perception 
of Left and Right, known as separation. But the 
two signals are not mutually exclusive. Part of 
the Right audio appears in the Left channel and 
vice versa. As long as both signals remain in the 
same phase there IS no problem. However, should 
one signal be reversed in phase, a strange effect 
occurs in the mono channel. The common audio of 
each channel cancels out, leaving only a very low 
difference signal. While this reversal can take 
place at a number of different places in the 
transmission path, it usually occurs when cabling 
is connected without regard to polarity. 

Distortions 

There are three major types of distortion 
measurement used in evaluating satellite audio 
transmission. 

1) Signal to Noise (SIN) - This is the ratio 
between the maximum amplitude of the signal and 
the average noise in the channel, usually expressed 
in dB. 

2) Total Harmonic Distortion (THO) - The amount 
of harmonics generated by a transmission system 
as referenced to a pure sine wave. Usually 
expressed in %. 

3) Frequency Response - The amount of output 
level change from a reference point as the 
frequency varies from lowest to highest but the 
input level is held constant. 

TRANSMISSION TECHNIQUES 

There are three widely used formats for audio 
transmission in satellite relay to cable systems. 
These are FM subcarriers, companded subcarriers, 
and digital. Each will be discussed individually. 
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FM Subcarrier 

This method is used for carrying the program 
audio of most non-scrambled cable services. An 
audio signal is used to frequency modulate a 
subcarrier located above the video signal, the 
most common frequency being 6.8MHz. In an FM 
system, the carrier is deviated from center 
frequency in relation to the amplitude changes of 
the modulating signal. Maximum deviation should 
occur at maximum input level. 

Deviation settings used by programmers vary 
but are typically about 180-240kHz. This converts 
to an occupied bandwidth of about 400kHz. The 
total number of subcarriers being used as well as 
other engineering factors cause this variance. 
Once the proper deviation is determined, the 
subcarrier modulators are set up using a Bessel 
null method. This equipment usually remains quite 
stable and is monitored closely by the uplink. 

An important concept that must be understood 
in order to evaluate an FM audio system is that of 
preemphasis. In most audio programming, the 
higher frequency components occur at lower levels 
than others, but are very important to the overall 
quality of the signal. Unfortunately, when these 
low level frequencies go through a transmission 
path, they are closer to the n01se floor and are 
therefore received with a worse SIN ratio. The 
way engineers get around this problem is by 
boosting or emphasizing the higher frequencies 
prior to transmission. At the receiving end the 
signal is then deemphasized by the same amount to 
get back the original signal. The preemphasis 
standard most often used is the EIA 75 us curve 
which produces a boost of 16dB at 15kHz. This 
curve IS also used with the 4.5MHz aural subcarrier 
of the NTSC TV channel. A chart of that curve is 
shown below (Fig. 1 ). What is important to realize 
is that if your system can only accept a maximum 
of + 1 OdBm, and there is 17dB of preemphasis at 
15kHz, then the highest level test tone you can 
send at that frequency is -7dBm. There will be 
more about this in the testing section. 

Fig. 1 



Companded Subcarriers 

While the FM approach uses time tested and 
well understood techniques, it requires a relativly 
wide bandwidth and a large inject1on level into the 
uplink exciter. This limited early video services 
to only one or two possible audio channels. 
However, a requirement arose within the satellite 
industry to offer more high quality audio services 
on a single video transponder, bOth for the 
programmer's own use as well as to create an 
additional revenue source. A technique was 
developed in which the audio is companded using a 
unique adaptive preemphasis process. This creates 
an improvement in SIN which allows use of lower 
deviation and a reduced subcarrier power 
requirement. As a result, more audio channels 
can be sent with the video on a single transponder. 
This technique was pioneered by Wegener 
Communications, who continue to be the major 
supplier of both transmit and receive systems. 

The major drawback of this technique is that 
special demodulators must be used that have 
appropriate circuitry to compliment the processing 
done at the uplink. Due to the unique systems 
involved, best results are usually obtained by using 
a demodulator from the same manufacturer who 
provides the transmit equipment. 

Digital systems 

Digital transmission of program audio on 
satellites is primarily done in con/· unction with 
encryption of the signal. Basical y, the audio is 
sampled at a high rate and each sample is 
converted to a digital value. This data stream is 
then scrambled by some algorithm and combined 
with the video during vertical blanking. At the 
receive end, the descrambler decrypts the data 
stream and a digital to analog converter recovers 
the audio siQnal. The major advantages of this 
method are 1t's immunity to noise and ease of 
encryption. It also frees up transponder spectrum 
for other uses, since subcarriers are not 
necessary. However, it does require a 
sophisticated demodulation device, in this case, 
the descrambler. 

Combinations 

Oftentimes, a programmer may choose to 
utilize all three techniques on a single 
transponder. For example, a service that is 
encrypted offers it's program in stereo via the 
digital method. They may also use the 6.8 MHz 
subcarrier for an announcement channel as well as 
having companded subcarriers for cue tones, 
second language, or other auxilary uses. 

PROBLEM AREAS 

The majority of satellite uplink sites used by 
cable programmers today are high quality, well 
designed lacilities, staffed with trained personnel. 
The complexity of the systems involved demands 
that people have a high level of expertise. Most 
uplink sites and playback operations have audio 
monitoring equipment at a number of points in the 
transmission path. They also have available a 
complement of test equ1pment to ensure that 
proper operation is maintained. Again, the dollars 
being spent to get the signal out demands this kind 
of attention. In my experience of providin~:J 
technical support to users of satellite serv1ces, I 
have found that most complaints can be traced to 
some other source besides the uplink. The two 
problems most commonly reported are different 
audio levels between services and distortion or 
sibilance. We will look at each one separately. 

Levels 

There are three things that can affect the 
received audio level at a headend. First, audio 
level into the transmitter. Second, the modulation 
setting of the subcarrier modulator ( or digital 
encoder). And last, the output level adjustment of 
the demodulation equipment. In addit1on .. the 
deviation control of the cable channel mo·dulator 
will have an effect on the level the listener at 
home receives. 

As mentioned before, most program 
origination personnel are quite concious of the 
need to maintain proper operating levels. Also, the 
modulation parameters of the companded 
subcarrier and digital techniques are pretty much 
set by the manufacturer so not much variation 
occurs there. 

Unfortunately, there is not a hard and fast 
standard as to what deviation should be used with 
FM subcarriers. But, with the deviations being 
used by the major programmers, the variation 
should be no more than a maximum of 3 dB. This 
leaves the receiving equipment. The last section 
of this paper will cover a systematic approach to 
calibration. 

Another important factor to consider 
regarding the varying level complaint it that of 
loudness, or the ear's perception of audio strength. 
This can best be illustrated by an example. A 
transmission path is aligned for unity gain from 
end to end. Using the same VCR, two pieces of 
program material are transmitted and monitored at 
each end. A steady tone at the beginning of each 
piece is measured at the same level on the output. 
The Peak Program Meters indicate that both 
programs have audio peaks that are just below the 
maximum allowable. However, after listening to 
each of them, one tape is noticeably louder. What 
did we adjust incorrectly? 
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Nothing! If we also had VU meters to monitor 
this feed we would have seen that during one 
program the meter needle was varying widely with 
the changes in content. However the other one, 
while hav~ng similar content, never seemed to let 
the needle fall very far down. This material 
sounds louder beCause of the higher average 
program level. This loudness effect is determined 
1n the program's production by the amount of signal 
processing (compression) that is employed. We 
will talk about how to handle this in the. 
calibration section. 

Distortion 

The second most commonly reported problem 
about satellite reception of audio is that of 
distortion. And the most frequently described 
symptom is sibilance. This is a type of high 
frequency distortion that is manifested as a 
hissing sound, esrecially on the "s" sounds. This, 
and other types o distortion, can come from a 
variety of sources including defective equipment. 
But it IS usually traced to a situation where the 
subcarrier is deviated beyond the bandwidth of the 
reciever. A similar effect can occur if the digital 
audio modulator is overdriven. 

Starting at the beginning of the path, the 
uplink could be allowing the subcarner ( or digital 
encoder) to be overmoaulated. While this does 
occur, the rash of complaints from a large number 
of downlink sites usually causes the problem to be 
quickly corrected. A second cause can be 
misadjustment of the downlink receiver, allowing 
excessive input to the cable modulator. A third 
cause that has surfaced recently involves the 
inherent design of some "economy" satellite 
receivers when used with FM subcarriers. 

In an effort to improve audio SIN when used 
with small antennas, some designers have reduced 
the audio IF bandwidth by as much as 50%. For 
example, where a bandWidth of 400kHz is used in 
most broadcast and cable quality demodulators, 
some receivers are being sold with bandwidths in 
the 200kHz range. This means that any modulation 
beyond this will be sharply removed by the 
filtering, resulting in distorted audio. . 
Programmers are.usually reluctant to comprom1se 
their technical parameters to accomodate the 
users of this equipment. 

SYSTEM ALIGNMENT 

This section will explain the most often 
performed audio transmission tests, with 
descriptions of the measurement ~uipment needed 
as well as the test signals used. Then it will 
outline a step by step approach to system 
alignment. However, before attempting any audio 
evaluation it best to check the physicar 
installation of the receiving equipment and it's 
connection to the cable system headend. 
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Proper Installation 

Wiring - Whenever possible, use shielded 
audio cable, gro~nded at one end, to reduce stray 
pickup. Grounding at both ends can create 
unwanted ground loops. 
Impedance - Most receivers today are designed to 
operate into a 600 ohm balanced IC?ad, su~h as. a 
cable modulator. A balanced load IS one 1n wh1ch 
neither side is grounded while an unbalanc~d load 
has one side connected tC? ground. ~nterm1nated 
devices as well as very h1gh or low Impedance 
loads can cause false readings during testing,. .If 
necessary, use matching pads or buffer ampllf1ers 
to achieve the proper match. . . . 
Phaseing- As was discussed earlier, 1t IS 
important to keep the phase of the-two stereo 
channels in the proper relationship. Almost every 
receiver and descrambler is l!lanufactured t~ 
maintain proper phase up to 1fs outP.ut term~nals. 
The system eng~neer must then yenfv that prop~r 
polarity is observed when attach1ng the connecting 
cables. 

Test Equipment 

In order to perform the tests outlined here it 
is necessary to have some test equipment that is 
not normally found in a headend, but shoul~ be. 
First, a reliable, accurate method of measuring 
peak audio levels over a range of at least 70 dB. 
This can be a good quality Peak Progr~m. Meter 
with built in attenuation or a more soph1st1cated 
audio analyzer. A quality VU meter should also be 
on hand. rn order to measure THD however, th~re 
are no real shortcuts. You have to have an aud1o 
test set that has that function. 

Transmission Tests 

As part of an ongoing trend of improving 
service to affiliates, a number of progra~mer~ 
schedule regular test periods. T~e a~;~d1o port1on 
usually deals with four areas; callbrat1on of 
levels, SIN ratio, frequency response, and THD. 
Connect the PPM or the audio analyzer to the audio 
output of whatever device you are testing. Check 
that impedances are correct. 

Level setting- A fixed tone is sent at a 
reference level, usually 10-14db below maximum 
modulation. The idea is for each downlink site to 
adjust for the reference level they need. Set your 
receive levels as specified by the manufacturer. 
For most cable modulators, a 0 dBm level from the 
receiver or descrambler works well. 

SIN ratio - For this test a tone is sent at a 
level that causes maximum modulation. This level 
is recorded, and then the uplink removes t~e audio 
and terminates the line. Remove attenuation as 
neccessary until a reading is obtained. This is the 
system no1se floor. The two readings are added 
algebraiciY. to obtain the audio SIN ratio. For 
example, 1f the maximum leve.l is + 1 OdBm and the 
noise reads -45dBm, the SIN 1s SSdB. 



Frequency Response - This test is designed to 
measure the flatness of the audio channel 
throughout the frequency range. A lower than 
normal input level is used to avoid the effects of 
preemphasis on the higer frequencies. At the 
source, a tone is sent at this lower level, typically 
20dB below maximum. Then a series of tones are 
sent at this same level starting at about 50Hz and 
ending at 15kHz. The level is recorded at each step 
and then compared to the reference. A desired goal 
in this test is keep variations within 1 dB. 

Total Harmonic Distortion (THO)- This is one 
test that is simple to perform with the right 
equipment, but nearly impossible correctly . 
without it. Assuming that an audio analyzer w1th a 
THO function is available, it should be connected to 
the device under t~st, again verifying the prop~r 
impedance match1ng. When a reference tone IS 
sent select the THD function and read directly 
from' the meter. A reading of 1-2% is acceptable. 

Overall System Alignment 

After performing the above tests on a number 
of services, it is possible to use the PPM and VU 
meters to adjust the other receiving equipment you 
have so that the peak levels of all sources are 
fairly close. When making these adjustments, use 
the five minute rule. That is, monitor the program 
for that long to make sure that the signallev~l~ 
are typical. Remember, a three dB change IS JUSt 
barery notic;:able. Next, each modulator.s~ould be 
adjusted w1th a test tone for a peak dev1at1on of 
25kHz ( NTSC aural carrier; use BTSC deviations 
where applicable). A number of modulation meters 
are on the market now to make this adjustment. 

Also, some modulators have built in metering to 
set correct deviation. 

The combination of matched receive levels and 
equal deviations should now produce somewhat 
equal sounding audio as you step through the 
channels of your cable system. If not, listen to 
those that are markedly different, and use your VU 
meter to determine if the problem is program 
loudness. If most of the programming is that way, 
you will have to adjust the cable modulator, or the 
1nput level from the receiver to get it to match. 

ACKNOWLEDGMENTS 

Wegener Communications - " Optimzing 
Subcarriers for Satellite Transmission" 

EIA RS 2508 
-"Electrical Performance Standards For Television 
Relay Facilities" 

1988 NCTA Technical Papers-33 



CATV LEAKAGE AERIAL SURVEYS 

Robert V.C. Dickinson 
Edwin L. Dickinson 

Dovetail Systems Corporation 
Bethlehem, PA 18015 

Over the past few years the date of July 1990 
has been deeply etched on the minds of CATV 
operators as the date when the FCC will begin to 
enforce the provisions of Part 76.611 regarding 
annual qualification of cable systems to the 
cable leakage standards. Compliance with this 
section was delayed in the rule making of late 
1984 in order to allow cable systems to "clean up 
their leakage act". When enforcement of this 
section begins the Commission has threatened 
severe consequences including forfeitures and 
cessation of operation for lack of compliance. 
Not to dwell on this well known area, suffice it 
to say that the consequences are highly 
undesirable for the cable operator. 

FL YOVER vs . CLI 

Qualification under Part 76.611 can be 
accomplished in either of two ways; 1) 
compliance with the limits of the Cumulative 
Leakage Index (CLI), compiled from ground based 
measurements or 2) flyover measurements in the 
airspace above the cable system. Ground based 
measurements, which require the location and 
measurement of every leak in excess of 50 
microvolts per meter (uV/m) in at least 75% of 
the cable system, are time consuming, tedious, 
and expensive, consuming weeks, if not months of 
time. In the process of these measurements, 
ample time is allowed for new leaks to develop 
before the measurements are complete. Flyover 
measurements, on the other hand, are quickly 
done, usually within a few hours or days, and 
provide much more of a "snap shot" view of the 
cable system leakage situation. 

Flyover measurements directly address the 
basic "protection from interference" purpose as 
established by the FCC. This applies to 
protection primarily of aeronautical radio 
services and secondarily, other over-the-air 
radio services. FCC and industry studies (see 
Report of Advisory Committee on Cable Signal 
Leakage - 1977) indicate that leakage fields not 
exceeding 10 uV/m in the airspace do not present 
a significant interference hazard to aeronautical 
communication and navigation radio services. A 
flyover survey directly measures 
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these leakage fields along the flight path, and 
compares them to the 10 uV/m threshold. In 
contrast, the two methods for determining CLI (I 
of infinity and I of 3000) estimate the total 
leakage field strength in the airspace by 
summation of the probable effects of the leaks 
measured on the ground. In the report of the 
Advisory Committee on Cable Signal Leakage the 
CLI thresholds were established by comparison of 
ground and airspace measurements in but a few 
systems. The actual mechanism of summation of 
distributed cable system leaks is quite complex 
involving not only distances but radiation 
patterns, polarizations, and phase addition of 
signals, making precise analytical determination 
extremely difficult. Flyover measurements are 
direct and to the point thereby eliminating 
much estimation. 

This paper describes the efforts of Dovetail 
Systems Corporation to develop hardware and 
software to automatically gather data in an 
aircraft and subsequently process that data to 
produce results which are useful to the cable 
operator for evaluation and refinement of his 
monitoring and maintenance procedures and to the 
FCC for evaluation of system leakage performance. 

THE MEASUREMENT PROCESS 

Paragraph 76.611 of the FCC Regulations is 
fairly brief but does specify a threshold of 10 
uV/m at 450 meters above the average ground level 
below which leakage levels are permissible as 
well as certain requirements and guidelines for 
calibration and measurement. In consideration of 
the altitude of the overflight we find that it is 
exactly 150 times the distance specified for the 
standard ground based leakage measurement (450 
meters (1500 feet) versus 3 meters (10 feet)). 
On this basis one can say that a single leak 
which would equal the airspace threshold would 
measure 150 times 10 uV/m at three meters from 
the leak. In other words. it requires a single 
leak of 1500 uV/m at 3 meters to produce the 10 
uV/m threshold at 450 meters. This indicates 
that single leaks in the few hundred uV/m region 
are not expected to be the problem in failing the 
flyover measurement test. 



Part 76.611 specifies a horizontally 
polarized antenna on the aircraft but it does not 
specify any further restrictions. Assuming the 
practical orientation of a horizontal dipole on 
an aircraft to be either longitudinal or 
transverse to the fore and aft axis, two general 
types of search patterns are indicated. If the 
antenna is oriented transverse to the fore/aft 
axis of the aircraft the main dipole lobes are 
directed fore and aft producing a pattern with 
nulls to the left and right and maximum response 
within perhaps + 45 degrees of the flight path. 
With orientation parallel to the fore/aft axis of 
the aircraft, the coverage tends to be to the 
sides and beneath the aircraft thereby producing 
a main lobe coverage of roughly t. 45 degrees fore 
and aft of the vertical with a fairly broad 
pattern to the left and right. In either case 
the coverage patterns are quite broad and the 
aircraft antenna accepts maximum energy from 
ground signals which present horizontally 
polarized fields to it. A receiving dipole 
orientation diagram is given in Figure 1. With 
the receiving antenna oriented parallel to the 
fore and aft axis of the aircraft, as has been 
chosen in our configuration, horizontally 
polarized signals generated to the sides of the 
aircraft by horizontal radiators parallel to the 
receiving antenna are readily detected, while 
those generated by transmitting elements 
orthogonal to the receiving antenna are not 
sensed at all. This is shown in Figure 2. In 
the fore/aft direction the same is true but it is 
clear that even if all radiating elements are 
horizontal (parallel to the ground) there will be 
all variations of coupling to the rece1v1ng 
antenna depending upon the orientation of the 
radiating elements relative to the receiving 
antenna rather than their orientation to the 
ground. 
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Let us, for a moment, assume that there are 
also elements in the cable system which produce 
vertical polarization with respect to the ground. 
These might be caused by leakage currents 
flowing on drops, system grounds . .etc. In the 
case chosen in Figure 3, vertical elements to the 
left and right of the aircraft, will be 
orthogonal to the receiving antenna on the 
aircraft and therefore coupling would be minimum. 
Vertical elements fore and aft of the aircraft 
will have projections in the plane of the 
receiving antenna and will be received to the 
degree that the projections of these elements 
intercept the receiving antenna on the aircraft. 
The bottom line is that in three dimensions, 
specification of polarization as simply 
"horizontal" or "vertical" does not completely 
define the energy received by the measurement 
antenna, particularly when the reception is 
accomplished by use of a linearly polarized 
element. 
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A number of solutions for this dilemma can be 
conceived. First, if an antenna were given 
higher gain and its coverage thereby restricted 
to a smaller angle, it would be possible to 
restrict the angles of reception and thereby 
reduce the polarization ambiguities. The problem 
with this solution is that increase of antenna 
gain with its commensurate decrease in angle of 
reception, requires a larger receiving antenna 
array. A single dipole element is already large 
relative to the dimensions of a small or even 
medium sized aircraft so that utilization of an 
array becomes particularly unwieldy in terms of 
size and projections from the aircraft structure. 
It would also be a step forward if a circularly 
polarized antenna were employed, especially one 
which maintained its circularity over a wide 
range of look angles. This also is somewhat 
impractical due to size. 

At this point it makes sense to appeal to the 
basic reason for making the measurements in the 
first place. This is to try to quantify the 
amount of energy which would be received by an 
aircraft receiving system flying through the 
airspace. In the scope of all aircraft which 
might fly in the airspace, any one of a large 
number of antenna configurations might be 
employed. Each of these configurations could 
have a differing response which is further 
altered by varying aircraft shapes. It would 
appear that the best which can be said about the 
leakage survey system is that it attempts to 
measure field strengths in a way "similar" to a 
"typical" aircraft receiving system where 
"typical" seldom corresponds exactly to a 
specific antenna and its configuration on the 
aircraft. 

Due to the polarization confusion generated 
in three dimensional space previously described, 
one might use an. antenna which was vertically 
polarized and which would probably produce an 
equally valid measurement of the fields in the 
airspace. Vertically polarized antennas can be 
conveniently installed and usually produce less 
impediments to flight and are often used in 
actual aircraft communications and navigation 
installations. The program for measurement of 
signal leakage in the airspace above the cable 
system, which has been instituted by Dovetail 
Systems, has made provision for some "research" 
in these areas. We hope to fly simultaneous 
horizontal and vertical measuring systems 
comparing the data. If there is reasonable 
correlation it will probably prove to be far more 
practical to use low profile, vertically 
polarized antennas for reception rather than the 
somewhat awkward horizontal dipole which now 
clears the ground by but a few inches on landings 
and take-offs. 

THE MEASUREMENT EQUIPMENT 

In the 
receiver has 
bandwidth in 
programmed to 

system described a multi-purpose 
been employed. This receiver has a 
the 25 kHz region and can be 
receive AM or FM signals. In 
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either case some AGC is used which has the effect 
of low pass filtering the data and producing an 
analog measurement. The computer receives the 
detected analog signal and records the data in 
successive samples. Many samples are taken each 
second allowing measurement at speeds in excess 
of 150 mph. Selection of AM or FM modes on the 
receiver is largely a function of modulation 
detection. AM modulation affects the average 
power in the carrier and therefore requires a 
correction if such modulation is used for 
identification. Narrow band FM modulation. on 
the other hand. as long as it does not at any 
time move the carrier out of the passband, does 
not change the average power and requires no 
correction factor. 

Modulation is applied to the test signal to 
make it audibly identifiable. This is the only 
area of the data acquisition process which 
requires operator attention. Whenever the 
received signal level on the channel is above a 
certain threshold (well below the 10 uV/m) the 
distinctive tone(s) can be heard and recognized 
by the operator. Should a substantial level 
reading be encountered but the identification not 
be audible, the data is flagged as being suspect, 
probably the result of some interference 
phenomenon. This data is not used in the final 
analysis since the absence of modulation 
indicates that the leakage is not the predominant 
signal being received. In our flight tests we 
have encountered occasional interference of this 
type, however, these occurences have been 
infrequent and have not represented a significant 
fraction of the total data taken. If such 
interference were regularly encountered the test 
frequency should be changed to avoid it. 

In addition to the basic receiver selectivity 
a relatively narrow RF bandpass filter is 
inserted ahead of the receiver to prevent 
overloads from out-of-band signals such as 
television and FM broadcast stations, aircraft 
transmitters and the like. The receiver with its 
preselector, is calibrated in the laboratory 
generating a curve relating microvolts input to 
the output level indication. In this way the 
receiver is characterized over the entire range 
of signal levels encountered in the measurements. 
A calibration of the measurement system 
(receiver, bandpass filters and installed 
receiving antenna) is flown over a "well 
characterized antenna ... " and signal source as 
specified by Part 76.611. This ties the 
microvolts input versus output curve of the 
receiver to the actual 10 uV/m signal threshold 
in the airspace thus providing an absolute 
calibration of the entire system. The calibration 
factor obtained (uV/m in the airspace to 
microvolts input to the receiver system) is then 
used to relate the receiver output level 
indication directly to the field strength in the 
airspace. 

In the DSC system an industrial digital 
computer is employed. This unit is of rugged 
construction and high stability and has served 
very well in our tests to date. It employs both 



AC and DC supplies so that it can be run on 24 
volts DC in the aircraft and 110 volts AC for 
calibration in the lab and even for data 
reduction after the flight. Although the data 
reduction function may be performed on another 
similar computer in the laboratory environment. 
The existing system employs extensive RAM plus a 
hard disk and a single floppy disk drive. All 
data recorded is saved. In the process of data 
reduction (to be covered later) all data points 
may not be used. Since there are a number of 
optional routines for data reduction, the 
original files are preserved and can be 
reprocessed in the future if a re-run or 
processing with another algorithm is desired. In 
the current version of the equipment, a nine inch 
CRT and a keyboard are also employed. These 
allow maximum flexibility of configuration and 
can be of great benefit when "researchy" ideas 
occur during the flight. 

The present equipment is configured to take 
inputs from multiple receivers so that multi
frequency measurements are possible if the proper 
antennas to cover the desired frequencies are 
present. Ground measurements by others have 
shown occasional heavily frequency dependent 
results. We are anxious to, over the next few 
years of measurements, investigate multi
frequency effects whenever possible. 

Data in the computer is taken simultaneously 
with LORAN position indications. The LORAN 
updates approximately once per second and its 
data is recorded along with the field strengths. 
The resolution of LORAN is basically .01 nautical 
miles or about 60 feet. In the non-precision 
atmosphere of airborne measurements employing 
collection of the radiation from numerous leaks 
simultaneously, it is unnecessary to interpolate 
these LORAN readings. We occasionally experience 
intermittent LORAN failures due to either 
propagation anomalies or actual cessation of 
transmission from one or more LORAN stations. We 
have developed procedures for recovery whose 
efficacy depends primarily on how long the system 
went without location data. 

Flyover paths are preplanned to provide the 
most efficient flight patterns. It can be seen 
that a long narrow segment with only a few 
parallel passes wastes a minimum of time in 
turnarounds. etc. After establishing a reference 
path along the edge or through the center of an 
area, parallel flights are conducted at offsets 
usually of 0.4 nautical miles (0.4nm equals 0.46 
statute miles). This is a convenient method 
using the LORAN instrumentation. Heading and 
correction information is fed back from the 
LORAN, either to the auto-pilot or displayed for 
the pilot so that the flight paths, although not 
perfect, approximate parallel traverses one half 
mile apart. Observation of the 
latitude/longitude plot, illustrated as part of 
our report, will show the precision of these 
passes (or lack thereof). However, it must be 
remembered that the LORAN at all times gives the 
actual position whether exactly on the desired 

flight path or not, therefore the data is 
accurate in this respect. 

It is well to note that flyovers such as this 
are concerned with coverage of "square miles" of 
a CATV system and not with "strand miles". The 
relationship between square miles and strand 
miles varies greatly between systems and between 
parts of single systems. In order to properly 
setup and organite for an overflight the 
extremities and boundaries of the CATV systems 
must be located by latitude and longitude. The 
easiest method to do this is not by use of strand 
maps nor even Geodetic Survey topographic maps, 
but simply the use a standard road map which has 
latitude and longitude information on it. The 
easiest way for a cable operator to get us 
started is to simply list these specific points 
in latitude and longitude and lay out the 
extremities and boundaries on the road map. From 
this we construct the optimum flight paths and 
feed the proper waypoint information into the 
LORAN system. 

Parts of the report which we assemble, are 
illustrated in Figures 4 through 7. Much of the 
information is self explanatory. There are 
tabular and graphic histograms which show the 
distribution of the data points iQ order of 
leakage levels, either as a fraction of the total 
points within a certain uV/m range (Fig. 4) or 
the cumulative distribution (Fig. 5) which shows 
the fraction of the points in and above each 
particular range. These plots do not provide 
primary information on the actual leakage 
conditions but do present a basis for comparison 
of subsequent 'flyovers. Similar to a CLI. these 
presentations can indicate the trends towards (or 
away from) better leakage control and can thereby 
be used as a measure of the efficacy of the 
leakage maintenance program in the particular 
CATV system. 

The latitude and longitude plot of the flight 
path and the signal intensities (Fig. 6) is very 
informative. Specific landmarks are indicated on 
the lat/long chart by the use of alphabetic 
characters referenced in the accompanying 
"Position Labels" list (Fig. 7). These may 
include extremities of the system, headends, 
hubs, City Hall, major intersections or whatever 
is of benefit to relate the data to actual 
landmarks. Over this is plotted the exact flight 
path of the aircraft as indicated by the recorded 
lat/long data. In our standard report this plot 
is in color and various selectable field 
intensity ranges are indicated by different 
colors so that it is easy to see at a glance 
where the areas of maximum leakage are and their 
extent. This type of presentation was chosen 
since plotting contours with ~ingle line data as 
is acquired during these runs. is difficult since 
the resolution along the flight path is very 
high; so high as to make meaningful interpolation 
between adjacent flight paths of questionable 
value. Hence, the representation of the leakage 
levels received in varying colors has proven to 
be quite informative. The presentation of this 
plot in this paper, which can only here be 
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reproduced in black and white, is much more 
difficult to interpret than the actual color 
plots in the reports. Figure 7 includes a list 
of locations where the levels exceeded the 10 
uV/m threshold. In addition to this lat/long 
plot it is possible to present the same data 
scaled to overlay virtually any map. Such 
overlays can be provided but require an exact 
knowledge of the scaling in order to perfectly 
match the map or chart. 

One additional analysis plot can be produced 
for analysis purposes. In this plot a small 
section of the lat/long traverse is displayed as 
a heavy line. An additional plot shows the fine 
structure of the leakage in that part of the 
flight path. After some experience is gained in 
analyzing these plots, it becomes quite easy to 
pick out responses which are due to interference 
such as radio transmissions. These detailed 
plots can be provided when such a problem needs 
to be resolved. 

In the present system data reduction and 
plotting of the report takes a considerable 
amount of laboratory analysis time but is deemed 
to be the most important and necessary part of 
the survey. 

CONCLUSION 

In conclusion, we have presented the 
rationale for and the implementation of an 
automatic data gathering and analysis project to 
observe CATV leakage by aerial survey. A good 
number of systems have been flown to date. We 
have encountered systems with excessive leakage 
as well as some with very little. It is our 
observation that leakage can be controlled, even 
in large systems, but not without consistent well 
planned monitoring and repair efforts. 

Development of flyover measurement equipment 
and techniques continues. Not so much in terms 
of implementation but, in terms of data 
correlation with actual system parameters and 
investigation of secondary phenomenon such as 
multiple frequency and polarization effects. We 
expect the next several years to be years of 
development and progress and would not be 
surprised to find many interesting and perhaps 
unexpected conclusions as the result of a large 
volume of flyover and ground measurements plus 
the evolution of new techniques and 
instrumentation to achieve more meaningful 
results. 
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POSITION LABELS 

Position 
-------------------------------

N27 33' 16" W78 53' 21" 
N27 29' 30" W78 40' 14" 
N27 29' 33" W78 44' 58" 
N27 32' 54" W78 41' 18" 
N27 35' 04" W78 47' 05" 
N27 31' 24" W78 41' 15" 
N27 32' 00" W78 47' 00" 

LEVELS IN EXCESS OF 10 uV/m 

uV/m Position 
------ -------------------------------
15.28 N27 31' 55" W78 32' 19" 
17.19 N27 29' 04" W78 38' 21" 
17.57 N27 29' 22" W78 40' 43" 
16.39 N27 29' 33" W78 42' 14" 
33.42 N27 31' 29" W78 46' 16" 
20.37 N27 29' 53" W78 45' 46" 
12.17 N27 29' 17" W78 45' 59" 
29.29 N27 29' 20" W78 46' 07" 
11.61 N27 30' 32" W78 45' 23" 

F;gure 7 
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uV/14 

100.0 

30.0 

10.0 

Description 
-------------

WEST HIGHWAY 
RURAL AIRPORT 
BEACH SITE 
TOWER (415 FEET) 
RAILROAD 
URBAN AIRPORT 
DOWNTOWN 

Time 
--------
15:30:44 
15:50:36 
15:52:06 
16:02:22 
16:07:54 
16:15:24 
16:18:51 
16:18:54 
16:27:25 
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SOURCES OF ERROR 

Following the above steps and 
arriving at a value for measured radiation 
level seems deceptively simple, but in an 
actual situation several factors that are 
not easily predictable can cause erroneous 
results. However, if we can analyze the 
source of the errors and predict their 
maximum magnitude, we will be able to 
establish a safety margin for worst case 
conditions. 

Ground reflections 

FCC Part 15 & Part 76 limits 

Ground reflections are by far the 
most prominent factor in altering the 
measurement results of a free space test 
site. They affect the readings in two 
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TABLE I 

Sensitivity of Measurement System 

Noise Floor, dBmV 

Analyzer Preamplifier Noise Figure 
Bandwidth 3dB GdB 9dB 12dB 

4 Mhz - 56 - 5J - 50 - 47 
300 KHz - 67 - 64 - 61 - 58 
100 KHz - 72 - 69 - 66 63 

30 KHz - 77 - 74 - 71 - 68 
10 KHz - 82 - 79 - 76 - 73 

3 KHz - 87 - 84 - 81 78 
1 KHz - 82 - 89 - 86 83 

elements. To cover the CATV frequency 
range of 50 to 450 MHz each element 
(constituting 1/2 of the dipole, or 1/4 
wavelength) should be extendable from 
about 6.5 to 55 inches. Fiq. 1 shows the 
element length for any resonant frequency 
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FIGURE 1 

Length of each dipole element 

(including average corrections for 
practical element thickness dimensions). 
But the dipole adjustment for each 
frequency to b"e measured need not be too 
exact, as indicated in Fig. 2, which plots 
the relative gain of a dipole vs. 
normalized frequency. In fact, three fixed 
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Normalized dipole gain 

dipoles will cover the frequency range of 
54 to 440 MHz to a 3 dB accuracy and six 
discrete lengths will measure 50 to 550 
MHz to within 1 dB (see Table II). 

TABLE II 

Fixed Dipole Ranges 

Element Frequenc:r Gain 
Length Range Flatness 
Inches MHZ dB 

43 54 - 109 3 
21 109 - 219 3 
11 219 - 440 3 

49 50 - 75 1 
33 75 - 112 1 
22 112 - 166 1 
15 166 - 247 1 
10 247 - 368 1 
6~ 368 - 550 1 

Connections and Calibration 

The dipole output impedance is close 
to 75 ohms, balanced; the preamplifier 
input is also 7 5 ohms, but unbalanced. A 
miniature 75-ohm balanced twinlead 
(available from several sources), about 15 
feet long, should be used as the downlead. 
At the preamplifier input a balance
to-unbalance transformer (or "elevator 
coil") is constructed by winding several 
turns of the 75-ohm twinlead thru a 
toroidal ferrite core, of the type used in 
many CATV passives. Placing the 
transformer at the dipole end and running 
a 75-ohm coaxial line to the preamplifier 
is not recommended because of the 
unpredictable reflections that can occur 
between the dipole and the grounded 
ccaxial shield. 
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I • 

t dipole 

+ 
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FIGURE 3 

Preferred FCC test configuration 

After completing the above 
interconnections, the total system gain 
from the dipole output to the analyzer 
input should be measured and recorded at a 
number of frequencies across the spectrum. 
These are the calibration values that will 
have to be subtracted from the analyzer 

source dipole 

T-. .... 
3 m (min) 

Jff,0/grbu'nd ///77 
FIGURE 4 

Alternate FCC test configuration 

reading in order to establish the true 
voltage levels received by the dipole. If 
the preamplifier has a variable slope 
control, it can be set to somewhat 
equalize the gain vs. frequency 
characteristic. The downlead loss not only 
reduces system gain, but adds directly (dB 
for dB) to the preamplifier notse figure, 
thus reducing available sensitivity. 

------3 rn ______ ._ 

SIGNAL SOURCE 

UNIT 
UNDER 
TEST 

3 m 

FIGURE 5 

DIPOLE 

PREAMP 
ANALYZER 

BALUN-

Radiation test site - Block Diagram 
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SET-UP 

The FCC procedure outlines both a 
vertical (preferred) as well as a 
horizontal (permitted) placement between 
the dipole and the CATV components to be 
measured (Fig. 3 & 4). When monitoring an 
installed system, the placement will be of 
course predetermined, and only the dipole 
will have to be positioned. But when 
setting up a specific measurement site, 
the horizontal (permitted) placement is 
more convenient and in this case both the 
unit under test and the dipole should each 
be attached to the top of a non-metallic 
pole (a 3-inch diameter or thicker PVC 
pipe is suitable), at least 10 feet (or 3 
meters) high and exactly 3 meters from 
each other. The tripod or other structure 
supporting the poles should also be made 
from non-metallic material, such as wood. 
If at all possible, the chosen measurement 
site should be in the open, far away from 
all possible interfering signal sources 
and also remote from structures that could 
be the cause of unwanted reflections. The 
ground should be reasonably level (but not 
mirror-flat or paved) and the drier the 
topsoil, the better (dry sand is the 
best). Avoid thick grass or other heavy 
vegetation. 

The coaxial cables carrying signals 
and perhaps power to the unit under test 
should be double-shielded and sleeved 
radiation-proof connectors are a must. If 
the signal source is an actual CATV feed, 
route it in the shortest possible manner 
from the side furthest away from the 
dipole. If using a signal generator, make 
sure it is well shielded and located at 
least 30 feet from the test site. 

The signal level reaching the input 
of the unit to be tested must be adjusted 
to correspond to the maximum that it would 
see in an actual installation at the 
frequency in question. 

Fig. 5 is a block diagram of the 
complete test setup. 

MEASURING FIELD STRENGTH 

Identify the signal to be measured 
and received by the dipole on the analyzer 
display, then rotate the horizontally 
mounted antenna about the vertical axis 
(by turning the supporting pole) until the 
signal reaches a maximum value. Read this 
level on the analyzer, and using the 
previously obtained calibration numbers 
for the appropriate frequency (see 
"Connections") determine the actual signal 
level, in dBmV, received by the dipole. 
Then use this value to calculate the field 
strength : 
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where 

-1 
E = 20.69 f log (er/20) 

field strength (uV/m) 
frequency (MHz) 
received signal level by a 
resonant dipole (dBmV) 

Fig. 6 is a graphic plot of the above 
equation and Appendix A traces its 
mathematical derivation. 
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Having established a method of 
measuring the received signal level 
directly in dBmV and calculating the 
intercepted field strength in uV/m, it is 
a simple matter to compare the results to 
the FCC limits. 

Fig. 7 shows the radiation limits 
(normalized to a uniform measurement 
distance of 3 meters or 10 feet) directly 
in received dBmV vs. frequency. Any 
reading above the level of the solid line 
is in violation. 

Other Standards 

Just to indic3.te how stringent the 
present FCC limits really are, Fig. 8 
compares Part 76 (CATV) ceiling to those 
that are imposed under Part 15 on ( 1) 
Commercial (Class A) Computing Devices, 
( 2) Personal (Class B) Computing Devices 
and (3) Radio Receivers. FCC General 
Docket 87-389 which proposes to unify the 
requirements for all devices under Part 15 
(but not CATV) , coincides with Class B 
Computing Device requirements. 



CLI - A TOTAL PROVEN APPROACH 

Victor B. Gates 
and 

Clayton A. Collins 

Metrovision, Incorporated 

ABSTRACT 

The Murphy's Law of RF transmission in a 
shielded unbalanced cable states that: 

1) Signal will leak out 
2) Signal will leak in 

Signal leakage from CATV systems has 
always been a problem. However, prior 
to the general use of mid-band and 
super-band channels, our concerns were 
usually based on interference to the 
non-subscriber's television reception. 
the Harrisburg, PA incident of 1976 
reminded us of the real possibility for 
hazardous interference to aircraft 
communications and navigation. The 
Cable Television industry was forced to 
take the issue of Signal Leakage more 
seriously. 

INTRODUCTION 

In the following pages you will read 
about a computer-aided program to 
effectively monitor, log, repair and 
file leaks. To this end, we gather 
important data as to the cause of the 
leak and the best method for repair, and 
we provide a preventative maintenance 
program to keep the levels acceptable. 

MetroVision systems use a ground-based 
procedure to effectively monitor, log, 
repair and document leaks. We compile 
data showing the cause of the leak and 
method of repair. The procedures have 
been used in Metrovision's 1100 miles of 
plant in the Detroit area systems since 
January 1, 1987. All Metrovision 
systems now utilize these procedures to 
control signal leakage. 

FCC REQUIREMENTS 

Signal Leakage is like lust; we all have 
it - just don't let the FCC catch you 
with it! 
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1. 

2. 

3. 

4. 

50 

current FCC rules require 
leakage measurements to be 
taken 3 meters from the cable 
with a field strength meter of 
adequate accuracy and a 
horizontal dipole antenna. 

systems operating in the 
frequency bands of 108-137 MHZ 
and 225-400 MHz must be in 
compliance with a cumulative 
leak index by July 1, 1990. 
The cumulative Leak Index 
(CLI) measurement technique 
was developed several years 
ago to assure cable television 
operators that leakage from 
their system would not present 
a hazard to the safety of 
aircraft operating overhead. 

Ground-based CLI is calculated 
using all leaks equal to or 
greater than 50 microvolts per 
meter. The value of each 
reportable leak found is 
squared. The squared values 
of all leaks are summed. This 
sum is multiplied by the 
result of total plant mileage 
divided by the driven mileage 
to compensate for partial 
drive-outs. CLI is equal to 
10 times the log of this 
number. The maximum allowable 
legal limit is 64. 

All individual leaks found of 
20 microvolts per meter or 
greater must be logged showing 
the date found, the location 
of the leak, the date of 
repair, and the cause of the 
leakage. The log must be kept 
on file for 2 years and be 
made available to authorized 
FCC representatives upon 
request. 

The current FCC regulations 
are that the entire cable 
system must be monitored once 



each calendar year. (Non
grandfathered status systems 
must monitor substantially all 
their plant every three 
months). 

6. We use a large three ring 
binder labeled FCC Signal 
Leakage Records for each 
drive-out. At the end of each 
drive-out the unrepaired leak 
file is purged and the 
repaired leak information is 
retained in the FCC public 
file for 2 years. The new 
Repaired Leak Report is added 
to the existing file and kept 
in the 3-ring binder. The 
binder is used as a current 
reference should there be an 
inspection by the FCC. 

7. The cable operator shall 
annually notify the FCC of 
their calculated CLI on Fotm 
325. 

In our program we don't specifically 
measure each leak at 3 meters on a 
monitoring basis. we use the computer 
program to do the calculations based on 
an estimated footage from the leak and 
the direct reading of the meter. If we 
limited ourselves to a 3 meter 
measurement on each leak during the 
first drive-out, we wouldn't complete 
the first drive-out until June 30, 1990. 
But, as will be shown, we meet the 3 
meter measurement requirement as the 
repairs are completed. 

GETTING STARTED 

The key to any good maintenance program 
is getting your schedules, tools, forms 
and people together. 

1. Personnel. We use existing 
personnel; a team of 1 CSR, 
salesperson or installer and 1 
technician. The technician 
records the leaks while the 
other person drives. 

2. Time. Although this seems to 
be the only commodity 
impossible to make avai:able, 
it can be done relatively 
quickly on a saturday or in 
slow time. We have found a 
team can drive 8 miles of 
plant per hour with a 6 hour 
time limit due to fatigue. 

3. Set up a sched1.1le (see Figure 
1- calendar). This has to be 
a practical schedule one 

4. 

5. 

6. 

that can be attained and 
maintained. 

Get detection equipment. We 
use Augat/LRC-Vitek's leakage 
detection meter, model TR-1, 
with a cut dipole at 139.25 
MHz (1 meter per 68 miles of 
plant). The antenna is on a 
magnetic base and mounted on 
the top of each vehicle. The 
meter is sensitive and should 
be used at a temperature as 
constant at possible. 
calibration is absolutely 
necessary all through the day 
of the drive-out. When a leak 
is detected the meter has to 
be peaked. 

Get system prints. We use 
size 11 x 17 prints in 
plastic covers. (These will 
be used for tracing the route 
while the drive-out is being 
performed.) The prints have 
to be updated as the plant 
grows or changes are made. 

Signal Leakage Logs (see 
Figure 2). These logs are the 
most important source for 
field information and will 
have to be treated as such. 
careful attention to detail is 
not only easy, but very 
important. 

THE DRIVE-OUT 

On the day of the drive-out, the 
coordinator puts the prints in groups of 
48 miles per team. The technicians 
calibrate their meters to a known signal 
in the head end. They use non-permanent 
markers to follow their route and when a 
leak is detected, the technician 
instructs the driver to slow down from 
10 miles per hour to 5 miles per hour. 
At the strongest indication on the 
meter, the driver stops to write down 
the level and estimate the footage to 
the cable plant (the leak level is 
calculated by the computer ~or the 3 
meter intensity). He then records the 
nearest address or the system print 
location on the Signal Leakage Log. He 
continues this until his 48 miles is 
complete. At the end of each day the 
coordinator gathers all of the logs and 
system prints to verify that all the 
assigned prints were driven out, the 
logs are legible and all blanks ~re 
filled in. This is done to ensure that 
the data entry person can enter accurate 
information. This also ensures that the 
equipment is working properly and that 
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the drive-out team was paying attention. 
At this point it's Millertime 
(refreshments). We make sure there is 
plenty of pizza and other refreshments 
for everyone taking part in the 
drive-out. 

is 
of 

3 

seeing the results of the drive-out 
clearly the most discouraging part 
the process. However, in Figure 
you'll see a graph that indicates 
service call ratio before 
introduction of this program and 
the first drive out and repair 
(CLI & service calls vs. time). 
4 shows our current CLI & service 
vs. time graph after 1 year with 
program. 

our 
the 

after 
period 
Figure 
calls 
this 

COMPUTER 

we use an IBM PC/AT compatible computer 
and custom software to manipulate and 
store all leakage data gathered during 
the drive-outs. The computer is 
equipped with a 20 megabyte hard disk 

and 640K of RAM memory and a dot-matrix 
printer. Tne software is entirely 
menu-driven and will provide all reports 
necessary to control and document 
leakage repairs and calculate CLI for 
all or part of a cable system. 

Leak information is input into the 
computer in terms of TR-1 meter reading 
and estimated footage from the TR-1 
antenna to the probable leak location. 
The computer calculates the leak's 
intensity in microvolts per meter at 10 
feet. The drive-out personnel need not 
be concerned with determining the field 
strength. 

The computer software provides a listing 
of all leaks sorted by intensity for the 
entire system or a portion of the 
system. The software also provides CLI 
reports for the entire system or a 
portion of the system. 

As repairs are 
data is stored 
required to meet 

completed, 
with all 
the FCC's 

the repair 
information 
rules for 

CL I PLANNER FOR 1988 

.. J.RNUARV .. PEBRURR\' MARCH 

2) Begin ni!'W drive crut 3) Input repairs 2) Input repa~'Ls 
4) ~ ol4 data Print CLI reports Print CLI reports 

:Dater ni!'W 4ata Assign 1•1o rlc orders Assign 1•ro rk ordecs 
U»odate Jainu:r 10) Input repairs 9) Input repairs 

5) Print vro rlc orders Print CLI reports Print CLI reports 
13) Input repairs Assign work orders Assign work orders 

Print CLI reports 17) Input repairs 16) Input repairs 
Assign work orders Print CLI reports Print CLI reports 

20) Input repairs Assign 1•ro rk orders Assign \'ro rk orders 
Print CLI reports 24) Input repairs 23) Input repairs 
Ass i.gn vro rk orders Print CLI reports Print CLI reports 

27) Input repairs Assign work orders Assign work orders 
Print CLI reports 30) c Olllp.l.e te as.s.i.gned 
Assign work orders -n. o:rd.ers 

.. .A.PIUL .. MAV JV>lE 

2) Begin new 4r.ive ou.t 4) Input rep,;~.irs 1) Input repairs 
4) Pu.rge ol.4 4ata Print CLI reports Print CLI reports 

:Dater new lla.ta Assign work orders Assign work orders 
U»odate Ja.ind.er 11) Input repairs 8) Input repai:cs 

5) Print work orders Print CLI reports Print CLI reports 
13) Input repairs Assign vro rlc orders Assign 1•1o rk orders 

Print CLI reports 18) Input repairs 15) Input repairs 
Assign work orders Pr~t CLI reports Print CLI reports 

20) Input repairs Assign work orders Ass l.gn work orders 
Print CLI reports 25) Input re.pa~rs 22) Input repairs 
Assign work orders Pr~t CLI reports Print CLI reports 

27) Input repairs .Rssign work orders Assign l'rorlc orde:Ls 
Print CLI reports 30) COlllpl.e te assigned 
Assign 1•ro rk orders -ft. o:rd.ers 

Figure 1 
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leakage logs. 
available reports 
that is available 
FCC inspectors. 

Printouts of all 
are stored in a binder 
for review by visiting 

ADMINISTRATION 

The data entry person needs to dedicate 
time to CLI on a part-time basis; we use 
a CSR. Emphasis on this position must 
be the same as other more traditional 
CSR activities, such as balancing cash. 

We keep the following reports in the 
public file for FCC inspection: 

1. 

2. 

3. 

4. 

5. 

6. 

2) 
4) 

5) 

13) 

20) 

27) 

1) 
3) 

4) 
12) 

l'J) 

26) 

FCC CLI Report (correct CLI to 
lower than 64 (see Figure 5)). 
Maintenance CLI Report (see 
Figure 6). 
Unrepaired Leak Report (see 
Figure 7). 
Repaired Leak Report (see 
Figure 8). 
Area Information file (see 
Figure 9). 
Repaired Leak Statistics 
report (see Figure 10). 

The CSR gets the drive-out information 
from the coordinator and then enters 
each leak individually. We have found 
we can enter approximately 4 leaks per 
minute. 

After the leaks have been entered an 
Unrepaired Leak Report is generated. 
This report may be retrieved either by 
leak intensity or by leak number. The 
unrepaired Leak Report by leak number is 
used by Dispatch to log the completion 

.. JULY .. AUGUST SEPTEMBER 

Begm new dri'¥e cru.t 3) Input repairs 7) Input repairs 

~ olAI dat;.a Print CLI reports Print CLI reports 
Enter new data Jl s sign 1'/0 ric orders Jls sign I'IO ric orde.rs 
~date •.i.nder 10) Input repairs 14) Input repa~rs 
Pr~t v1o rlc orders Pr~t CLI reports Print CLI reports 
Input repa.~rs Jls sign. wo rlc orders Jls sign. wo rlc orders 
Px:int CLI reports 17) Input repairs 21) Input repairs 
Jlssign work ord.ers Print CLI reports Print CLI reports 
Input repa~rs JlSSign 1'/0rk orders R.S Sign. VIO rk orders 
Print CLI reports 24) Input repairs 28) ClrMpl.ete ~e4 
Assign. 1'10 rlc orders Print CLI reports -:rk o:rd.ers 
Input repairs Jlss~gn work orders 
Print CLI repo:cts 31) Input repairs 
Jlssign work ord.ers Print CLI reports 

Jls sign 1'/0 rlc orde.rs 

.. OCTOBER " NOUEMBER DECEMBER 

Begin new 4ri'¥e cru.t 2) Input rep airs 7) Input rep airs 

Ji1'1l:r9"e o.ld. data Pr~t CLI reports Print CLI reports 
Enter new 4ata Assign work orders Jls sign. 1'10 rlc orders 

~date •inder 9) Input repairs 14) Input repairs 
Print \'10 rlc orders Print CLI reports Print CLI reports 
Input repairs Assign work orders Jls sign. wo rlc orders 
Pr~t CLI repo:cts 16) Input rep a~rs 21) Input re.pa~rs 
Ass~gn work orders Print CLI re.ports Print CLI reports 
Input re.p ai.rs Assign. l'lorlc orders Jls s i.gn 1'19 ric orders 
Print CLI reports 23) Input repairs 28) C~rMp.Lete a..s&i.gne4 
Jl::;s~gn work o:cde:cs Print CLI reports -:rk o:rd.ers 
Input re.pai.rs Jls s ~gn work orders 
Pr~t CLI reports 30) Input rep ai:cs 
Assign YIO rk ord.ers Print CLI reports 

Jl s s ign '''O ric orders 

" Months witit the. d'C~ve. out "'ill 'Cequire. additional help (peop lepo1•1er) 
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of repaired leaks as called in by the 
technicians. The unrepaired Leak Report 
by leak intensity is used by the Chief 
Technician to assign work orders (see 
Figure 11) by leak intensity. 

The CSR will also, at that time, print 
work orders based on intensity, picking 

the highest level leaks as well as the 
number of leaks that can feasibly be 
repaired in one week. A copy is given 
to the Dispatch Department and the 
original is given to the Chief 
Technician of each system. We review 
this at our weekly regional Chief 
Technician meeting. 

SIGNAL LEAKAGE LOG 

• • 
Metro~1s1on 

FOR DRIVE-OUT ONLY 

SYSTEM NAME 

MAP LEVEL ESTIMATE REPORTED DATE LEAKAGE LOCATION 
NO. IN dB DISTANCE BY TECH # REPORTED 

Figure 2 
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1) CLI- The fi,-st d,-ive-out per-iod will indicate you,- most d,-amatic changes. 
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1) 

2) 

*3) 

1987 1988 

SERVICE CALLS PER 1000 SUBS- You'll see an ove,-all down tr-end in se,-vice calls as 

CL I is maintained. 

CLI- You'll see a ,-;se and fall as dnveouts a,-e completed. Afte,. se,-vice has.been 

done, the,-e is an ove,-a 11 dec 1 ine in CLI to an ave,-age of 59. 

lndtcates an inc,.ease m se,-vice calls when no leaks have been ,-epai,-ed ove,- a pe,-iod 

of a month. 

Figure 4 
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======================================================== 
= 
= cumulative Leak Index Report 

METROVISION; DETROIT REGION 
Subsystem-REDFORD 

03/04/88 
Ver-1.17D 

= 
=====================:================================== 

All Areas 

FCC Report 

Mileage 178.650 
Miles Driven 178.650 
Percent Driven 100.0 
Total Leaks 27 
Leaks per Mile 0.15 
Largest Leak 203 UV/M at 10 ft. 
smallest Leak 51 UV/M at 10 ft. 

Leaks greater than 1500 uV/M - 0 
Leaks between 1000-1500 uV/M - 0 
Leaks between 500-1000 UV/M - 0 
Leaks between 200-500 UV/M - 1 
Leaks between 50-200 UV/M - 26 

cumulative Leak Index 51. A (Pass) 

Fiqure 5 

======================================================== 

= 
= 

cumulative Leak Index Report 
METROVISION; DETROIT REGION 
Subsystem-REDFORD 

03/04/88 
Ver-1.17D 

= 

= 
= 
= 

=======:========~======================================= 

All Areas 

Maintenance Report 

Mileage 
Miles Driven 
Percent Driven 
Total Leaks 
Leaks per Mile 
Largest Leak 
smallest Leak 

Leaks greater 
Leaks between 
Leaks between 
Leaks between 
Leaks between 
Leaks between 

than 1500 
1000-1500 

500-1000 
200-500 

50-200 
20-50 

Leaks less than 20 

cumulative Leak Index 

178.650 
178.650 
100.0 
150 

0.84 
203 

11 

uV/M -
uV/M -
uV/M -
UV/M -
uV/M -
uV/M -
uV/M -

53.8 

Fiqure 6 
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uV/M at 10 ft. 
uV/M at 10 ft. 

0 
0 
0 
1 
26 
112 
11 

{Pass) 



UNREPAIRED LEAK REPORT 
METROVISION; DETROIT REGION 
Subsystem-REDFORD I AREA-All 

Page- 1 Ver-1.17D 
03104188 
By: Leak Intensity 

================================================================================== 
uVM TR1 Est Date Rep Leak 

No @10' dB Ft. Reported By Leak Location Area 
================================================================================== 

16 
139 

45 
95 
86 
74 

202 0 100 02120188 107 BEST WESTERN 
113 -5 100 02120188 103 26720 JOY ROAD 

80 -8 100 02120188 309 15789 WOODBINE 
64 -10 100 02120188 108 12730 TECUMSEH 
64 -10 100 02120188 303 14201 CROSLEY 
64 -10 100 02120188 303 26900 LYNDON 

Figure 1 

REPAIRED LEAK REPORT 
METROVISION; DETROIT REGION 
SUBSYSTEM-REDFORD 

Page- 2 ver-!.l7D 
03/04188 
AREA-Global (all areas) 

024 
093 
044 
073 
064 
063 

============================================================================ 
Leak Location: 16806 FIVE 
Leak Intensity (at 10' ): 
Date Reported- 02120188 
Date Repaired- 02129188 
Leak Source: LOOSE FEEDER 
Repair Action I Comments: 

POINTS 
160 UVIM 

Reported 
Repaired 

CONNECTOR 

Leak Location: 9060 INKSTER 
Leak Intensity (at 10'): 202 uVIM 
Date Reported- 02120188 Reported 
Date Repaired- 02129188 Repaired 
Leak Source: LOOSE FEEDER CONNECTOR 
Repair Action I Comments: 

Leak Location: 17398 GARFIELD 
Leak Intensity (at 10'): 360 uVIM 
Date Reported- 02120/88 Reported 
Date Repaired- 02129188 Repaired 
Leak Source: LOOSE FEEDER CONNECTOR 
Repair Action I Comments: 

Leak Location: 27357 CATHEDRAL 
Leak Intensity (at 10' ): 2026 uVIM 
Date Reported- 02120188 Reported 
Date Repaired- 02129188 Repaired 
Leak Source: LOOSE FEEDER CONNECTOR 
Repair Action I Comments: 

TR-1 Reading: -2 dB 
by- 309 
by- 309 

TR-1 Reading: 
by- 103 
by- 309 

0 dB 

TR-1 Reading: +5 dB 
by- 309 
by- 309 

TR-1 Reading: +20 dB 
by- 103 
by- 309 

File No: 7 
Est Dist: 100 ft. 
Area: 044 

Source Code: 400 

File No: 8 
Est Dist: 100 ft. 
Area: 093 

Source Code: 400 

File No: 9 
Est Dist: 100 ft. 
Area: 034 

Source Code: 400 

File No: 10 
Est Dist: 100 ft. 
Area: 093 

Source Code: 400 

Figure 8 
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Other reports printed at tnat time 
include the FCC CLI Report and the 
Maintenance CLI Report. As you can see 
in Figure 2, the FCC CLI report only 
uses leaks above SO uV/M at 3 meters in 
its calculation and the Maintenance CLI 
Report uses all reported leaks. All of 
these reports are copied and given to 
the Chief Technician and filed in the 
FCC binder, with the exception of work 
orders. 

The Chief Technician accesses the 
information for leaks above 150 uV/m and 
these are repaired immediately. They 
are assigned from his Unrepaired Leak 
Report by intensity and the technicians 
are given the original copy of the 
repair work order. When these repairs 
are completed, he continues to hand out 
more repair work orders by intensity 
until all work orders are complete or 
until the next drive rolls around. 

METROVISION; DETROIT REGION 
Subsystem REDFORD Area Information 

Page- 1 
03/04/88 

====================================================== 
Area Miles Tech 

====================================================== 
013 6.840 108 
014 5.490 108 
023 11.830 108 
024 8.540 108 
033 10.390 108 
034 8.820 108 
043 8.000 108 
044 8.700 108 
053 7.790 108 
054 13.900 108 
063 7.320 107 
064 14.160 107 
073 6.990 107 
074 6.580 107 
075 0.590 107 
083 11.330 107 
084 15.990 107 
085 5.460 107 
093 7.090 107 
094 9.400 107 
095 3.440 107 

End of File- 21 records selected 

Figure 9 
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======================================================== 
= 

= REPAIRED LEAK STATISTICS 

= METROVISION; DETROIT REGION 03/04/88 
= Subsystem-REDFORD Page- 1 Ver-1.17D = 
= Area-All Areas Miles- 178.650 

======:================================================= 
Total Repaired Leaks - 17 

================================================================= 
Code Leak source Leaks % 
================================================================= 

100 STAPLED INSIDE WIRING 0 0.00 
110 CABLE SHIELD STRIPPED 0 0.00 
120 INSIDE CABLE BURNT 0 0.00 
130 IMPROPER CABLE SPLICE 0 0.00 
140 SQUIRREL/RODENT DAMAGE 0 0.00 
150 DEFECTIVE CABLE 0 0.00 
160 INSTALL CRAFTSMANSHIP 0 0.00 
170 DROP NOT DISCONNECTED 0 0.00 

Category Total 0 0.00 

200 DEFECTIVE GROUND BLOCK 0 0.00 
210 DEFECTIVE SPLITTER 0 0.00 
220 DEFECTIVE FM SPLITTER 0 0.00 
230 DEFECTIVE A/B SWITCH 0 0.00 
240 DEFECTIVE GAME SWITCH 0 0.00 
250 F CONNECTOR THREADS STRIPPED 0 0.00 
251 F CONNECTOR CRAFTSMANSHIP 0 0.00 
252 BROKEN F CONNECTOR 0 0.00 
253 CORRODED F CONNECTOR 1 5.88 
254 DEFECTIVE F CONNECTOR 0 0.00 
255 LOOSE F CONNECTOR 0 0.00 
260 DEFECTIVE TRAP 0 0.00 
261 LOOSE TRAP 0 0.00 
270 DEFECTIVE SHIELD/TERMINATOR 0 0.00 
271 LOOSE SHIELD/TERMINATOR 0 0.00 

category Total 1 5.88 

300 TELEVISION/VCR LEAKAGE 1 5.88 
310 UNAUTHORIZED OUTLET 3 17.65 
320 UNAUTHORIZED STEREO HOOK-UP 0 0.00 
330 UNAUTHORIZED DROP 0 0.00 
340 INFERIOR CUSTOMER EQUIPMENT 0 0.00 
350 INFERIOR CUSTOMER CABLE 0 0.00 

category Total 4 23.53 

Figure 10 
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===============================================~=======: 
= 

REPAIRED LEAK STATISTICS = 
= 

METROVISION; DETROIT REGION 03/04/88 = 
Subsystem-REDFORD Page- 2 Ver-1.17D = 

= Area-All Areas Miles- 178.650 = 
= 

======================================================== 
Total Repaired Leaks - 17 

===================================:===:========================= 
Code Leak source Leaks 
==================================================~============== 

400 LOOSE FEEDER CONNECTOR 8 47.06 
401 DEFECTIVE FEEDER CONNECTOR 0 0.00 
402 CORRODED FEEDER CONNECTOR 1 5.88 
410 BROKEN TAP PORT 0 0.00 
411 BROKEN TAP PLATE 0 0.00 
412 BROKEN TAP HOUSING 0 0.00 
413 CORRODED TAP HOUSING 0 0.00 
414 LOOSE TAP PLATE 0 0.00 
415 MISSING RFI GASKET 0 0.00 
420 SHIELD BROKEN FEEDER CABLE 0 0.00 
421 BURNT FEEDER CABLE 0 0.00 
422 CUT FEEDER CABLE 0 0.00 
423 DEFECTIVE 500 CABLE 0 0.00 
424 FEEDER CABLE SUCK-OUT 0 0.00 
425 FEEDER CABLE RF SHORT 0 0.00 
426 SQUIRREL/RODENT DAMAGE FEEDER CABLE 0 0.00 
430 DEFECTIVE FEEDER ACTIVE DEVICE 0 0.00 
440 DAMAGED FEEDER TEMPOR~RY CABLE 0 0.00 

category Total 9 52.94 

500 LOOSE TRUNK CONNECTOR 0 0.00 
501 DEFEC7'IVE TRUNK CONNECTOR 0 0.00 
510 SHIELD BROKEN TRUNK CABLE 0 0.00 
511 BURNT TRUNK CABLE 0 0.00 
512 CUT TRUNK CABLE 0 0.00 
513 DEFECTIVE TRUNK CABLE 0 0.00 
514 TRUNK CABLE SUCK-OUT 0 0.00 
515 TRUNK CABLE RF SHORT 0 0.00 
516 SQUIRREL/RODENT DAMAGE TRUNK CABLE 0 0.00 
520 DEFECTIVE TRUNK ACTIVE DEVICE 0 0.00 
530 DAMAGED TRUNK TEMPORARY 0 0.00 

category Total 0 0.00 

600 NO LEAK MEASUREMENT FOUND 3• 17.65 

category Total 3 17.65 
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METROVISION; DETROIT REGION 

LEAK REPAIR WORK ORDER 

Subsystem - REDFORD 
version-1.17D 03/04/88 

==================================================================== 

Leak No. - 1 

Leak Location - 20029 MAC ARTHUR 

Leak Level (TR-1 Reading) - -22 dB 

Calculated Leak Intensity at 10 ft. -

Date Located - 02/20/88 

Area Designator -013 

Est Distance - 100 ft. 

16 microVolts/Meter 

Reported by - 107 

==================================================================== 

Date Repaired - I I 

Repaired by (Tech Code) 

Leak Source Code 

Repair Action I Comments -

TR-1 Reading (at 10ft.) after completion of repair

(*) If 'No Leakage Measured', enter 'NLM' 

Repair Technician 

Figure 11 

dB ( *) 
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The technician repairs each leak and 
records it on his work order, being sure 
to record a measurement at 3 meters or 
indicating "no leak measured." We've 
found that after a number of large leaks 
are fixed, there are no leaks where a 
minor leak was recorded. The technician 
then calls in the repair to Dispatch 
with the fix code, date of repair and 
level at 3 meters. Dispatch records 
this on their copy of the work order. 
The technician, at the end of each day, 
turns in his copy of the work order to 
the Chief Technician. 

Sometimes a technician is unable to 
complete an assigned work order because 
the leak is emanating from a 
subscriber's home. This can 
occasionally be quite a frustrating 
problem, especially when your subscriber 
works days with no one at home. we 
alleviate this problem with a 
door-hanger (see Figure 12) and a series 
of letters that always resolve the 
problem. We place the door-hanger on 
the technicians' first attempt to 
correct the problem. If we get no 
response, we send a series of three 
letters (see Figure 13) resulting either 
in the repair of the leak or the 
disconnecting of the subscriber. 

Weekly, the CLI CSR gathers the repaired 
work orders from the Dispatch Department 
and verifies the information against the 
Chief Technician's work order. The leak 
repairs are then logged in the computer 
and new reports are generated. At this 
point, the Repaired Leak Report and the 
Repaired Leak Statistics report are 
copied for the FCC file and the Chief 
Technician. We do not file the Repaired 
Leak work orders. 

At the end of the drive-out period all 
reports are generated and the new 
drive-out information replaces it. 
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Sorry 
we missed 

you! 
DEAR VALUED SUBSCRIBER, 

WHILE YOU WERE AWAY, WE HAVE 

DISCOVERED THAT A T.V. SIGNAL WE 

SUPPLY TO YOUR HOME VIA THE CABLE 

IS EMANATING OUT OF YOUR HOME. THIS 

MEANSTHEREISALEAKOFOURSIGNAL 

INTO THE AIR. UNDER F.C.C. 

REGULATIONS WE ARE REQUIRED TO 

CORRECT THIS TYPE OF PROBLEM 

IMMEDIATELY. PLEASE CALL OUR 

SERVICE DEPARTMENT TO SCHEDULE 

AN APPOINTMENT SO THAT WE MAY 

CORRECT THIS PROBLEM. 

THANK YOU 

MetroYisionA 
of Livonia 

422·3410 

Figure 12 



March 1, 1988 

John Doe 
12345 Fallow Lane 
Anytown, BE 67890 
092302-2 

Dear John Doe: 

INGRESS LETTER #1 

{Cable system} has determined that the TV signal we supply to 
your home via the cable is emanating out of your home. This 
means there is a leak of our signal into the air. There are 
several possible causes to this condition, some of which are: a 
cracked cable, an unterminated end, a frayed or loose connector, 
or external equipment that has been installed by someone other 
than a {Cable System} employee. 

It is after an attempt to reach you at your home that we send you 
this letter. We need to take the necessary steps to correct and 
ensure that the equipment installed in the home by {Cable system} 
employees has been installed correctly. Our request, at this 
point, is that you call our office at the number below within one 
week of this letter for an appointment to have it corrected. 
Under FCC regulations we will be required to terminate service to 
your home if the leak is not stopped. 

Please call our Repair Service Department at 555-1111 between the 
hours of 8:30 a.m. and 5:30 p.m. Monday thru Friday. 

Thank you for your cooperation, 

{Cable System} Repair Service Department 

March 1, 1988 

John Doe 
12345 Fallow Lane 
Anytown, BE 67890 
092302-2 

Dear John Doe: 

INGRESS LETTER #2 

You were notified previously by mail that we have determined 
there is a cable signal emanating from your home. 

As pointed out in the previous correspondence, it is imperative 
that you contact our office to arrange for repair service. 

If, after 5 days we do not hear from you we will be forced under 
FCC regulations to terminate the cable signal to your home. 

Thank you, 

{Cable System} Repair Service Department 
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INGRESS LETTER #3 

March 1, 1988 

John Doe 
12345 Fallow Lane 
Anytown, BE 67890 
092302-2 

Dear John Doe: 

You were notified on two previous occasions by mail that we have 
determined there is a cable signal emanating from your home. 

As we pointed out in the previous correspondence, it is 
imperative that you contact our office to arrange for repair 
service. 

If, after 72 hours we do not hear from you we will be forced 
under FCC regulations to terminate the cable signal to your home. 

Please contact our Repair service Department at 555-1111. 

Thank you, 

{Cable System} Repair Service Department 

Figure 13 

CONCLUSION 

CLI is not one of those things where 
bigger is better. 

What we've tried to show you here is a 
time tested method that we have found to 
work for us. However, as with any 
maintenance program we find ourselves 
constantly improving and streamlining 
the system. 

we have shown that you can effectively 
drive out your system 4 times per year 
and stay within FCC standards with the 
use of available peoplepower. 
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COMMERCIAL INSERTION TECHNOLOGY: 
WHAT TO DO WHEN YOUR AD SALES STAFF BECOMES REALLY SUCCESSFUL 
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ABSTRACT 

This paper evaluates 5 commercial 
insertion technologies: manually edited 
tapes manually inserted, manually edited 
tapes used in sequential automation, 
single-spot-per-cassette playback 
automation, random access automation, 
and automatic compilation systems with 
sequential insertion automation. It 
evaluates those technologies from the 
perspective of a large and sophisticated 
ad sales operation, and identifies a 
critical criterion that random access 
systems cannot meet. It demonstrates 
that automatic compilation is the only 
approach that meets that criterion. 

EVOLUTION Qf LO£AL !Q SALES 

Like most, if not all, cable 
companies that sell local advertising, 
Oceanic Cablevision started simply, At 
first, a few commercials were inserted 
into only one network. Since then, a 
combination of market forces have 
allowed Oceanic's ad sales to grow to 
the point that commercials run 
throughout the day on 10 channels. 

This growth was accompanied by a 
change in the way advertising time was 
sold, That change, from run-of-schedule 
(ROS) selling to selling by time of day 
or program, along with the volHme of 
spots being scheduled, proved to be more 
than the two main commercial insertion 
automation technologies available could 
handle. After thoroughly testing both 
linear (or sequential) and random access 
insertion systems, Oceanic adopted a 
less common alternative: automated 
commercial compilation. 

Most, if not all, cable systems 
begin their ad sales efforts by offering 
ROS: clients buy a minimum number of 
exposures but aren't guaranteed specific 
time slots or programs. ROS offers a 
limited number of clients an efficient 
buy because they make up what they lose 
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in specificity with volume. By keeping 
the spot traffic simple, ROS eliminates 
the need to produce custom logs each day 
and keeps the on-air operation very 
simple. 

Sell ]!y Time Or Program 

Some cable systems decide to offer 
more specificity to their clients by 
selling particular programs or times of 
day. Oceanic found it necessary to sell 
by program and/or time in order to 
compete with the 10 TV and more than 20 
radio stations in Honolulu. Agencies and 
national rep firms shopping for 
advertising time wanted the same 
flexibility from Oceanic that they were 
accustomed to from the other media. In 
addition, Oceanic became interested in 
using its own inventory of advertising 
time for tune-in promotion of its 
programming. To effectively support 
pay-per-view and other specific 
programming meant insuring that promos 
would not run after the program in 
question was over. 

As the number of clients and promos 
increased, the volume of traffic changes 
increased, New clients started and new 
spots were added to existing contracts 
throughout the week. Coupled with daily 
programming changes, these factors 
required a unique commercial log for each 
channel, every day. 

The importance of automation to the 
cable advertising sales industry cannot 
be overstated, Automation equipment 
makes running commercials on multiple 
channels a whole lot easier. It keeps 
costs down and delivers clean, reliable 
insertion of the clients' ads. But the 
automation system must be chosen to match 
the cable operator's needs; the wrong 
approach can be too inflexible or more 
flexible, and expensive, than necessary. 

There are five basic approaches to 
running commercials: 



1. Manually editing sequential 
reels and manually inserting the 
commercials. 

2. Manually editing sequential 
reels and automating the commercial 
insertions. 

3. Systems with multiple 
playback decks per channel that 
play one commercial cassette per deck. 

4. Random access systems that have 
multiple spots per reel and multiple 
playback decks per channel. They 
search and cue to the spots needed 
for each break. 

5. Automatic editing systems that 
create daily break reels that run in 
sequential insertion automation 
systems. 

~ANUAL SEQUENTIAL INSERTION/ 
~ANUAL ASS~~BLY 

Description 

Like many cable companies, Oceanic 
started its ad sales business by 
manually editing weekly commercial reels 
and manually inserting them on one 
channel. 

Advantages 

This is the fastest and simplest way 
to get started: all it takes is an 
editing system, a playback VCR and a 
switcher. 

Disadvantages 

The drawbacks are the cost of 
dedicating a person to inserting the ads 
and the inaccuracy of relying on human 
reflexes to start the ads. Frequent 
changes in the commercial reels become 
expensive, too. 

AUTO~ATIC SEQUENTIAL INSERTION/ 
~ANUAL ASS E~BLY 

Description 

We bought our first sequential 
insertion system (rather than pay an 
additional on-air operator) when we 
began selling ads on additional 
networks. Sequential systems play 
clusters of commercials in the sequence 
they appear on a commercial reel. An 
entire day's commercials are on a single 

3/4-inch tape for each network, and each 
tape is manually assembled, Each break 
airs upon receipt of network cue-tones. 
After the break airs, the tape parks at 
the next cluster of commercials on the 
tape. At the end of the day, the reel 
rewinds and the same breaks run in the 
next day's programming, or a new tape is 
loaded. 

Adva11tages 

This system works very well for an 
ROS environment that requires little 
editing. The insertion technology is 
very reliable because each break is a 
single event instead of a collection of 2 
or 4 events. One playback machine per 
channel means lower costs and less to go 
wrong. Sequential automation systems in 
an ROS environment work well unattended, 
Adding automation and VCR's for 
additional networks is relatively cheap. 

Disadvantages 

Manual editing becomes very 
expensive if logs change daily, Our 
manually-assembled, sequential, 
automation insertion system was so 
labor-intensive as to significantly 
reduce the profitability of our 
advertising sales effort. It cost us 
between 25 and 30 man-hours per day to 
assemble new tapes for each of 8 
advertising supported channels, for an 
annual labor cost in the neighborhood of 
$75,000. 

Description 

The broadcast industry historically 
used single-spot cartridge systems to 
play back commercials. These systems 
would have either enough transports to 
run each spot in a break without 
reloading, or a means of reloading each 
transport during a break. As the first 
2-inch cart machines reached retirement 
age, new versions have been developed 
that use component 1/2-inch cassettes and 
robotics to change tapes. On a simpler 
level, some stations have used banks of 
3/4-inch VCR's to play back single-spot 
tapes, manually reloading each VCR after 
each break. 

Advantages 

Either single-spot approach is 
extremely flexible because last minute 
changes can be made right up to air 
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time. 

Disadvantages 

That same flexibility can be a 
liability. The need to manually load 
tapes leaves open the possibility of 
error, and if several channels are 
involved it can keep an operator very 
busy. Robotic systems will handle the 
tapes for you, and most current systems 
use bar-code identification schemes to 
insure the right tape is loaded, but 
they're extremely expensive, With or 
without robotic tape handling, adding 
channels to single spot systems is 
hugely expensive: additional controllers 
and additional VCR's aren't cheap. 

The need to provide many copies of 
each spot, one for each channel, is 
expensive and complicated. The system 
is also vulnerable if the automation 
should break down: it's hard to cue and 
run individual spots. 

Description 

Random access playback systems use 
multiple players loaded with identical 
reels, each containing copies of all 
active spots. Prior to each break, each 
player cues to a different spot, At the 
break, each VCR plays a single spot in 
turn, then re-cues for the next break, 
The normal random access configuration 
would have one VCR per each 30 seconds 
of the longest local avails on each 
network, For example: CNN offers 
2-minute avails, requiring 4 VCR's; 
Headline News offers 1-minute avails, 
requiring 2 VCR 's. 

Advantages 

Random access uses the same spots 
over and over again instead of requiring 
daily construction of tapes, This makes 
it very easy to accomodate log changes 
(if they don't involve new spots; more 
on those difficulties shortly) because 
changes simply mean cueing to different 
spots. 

In addition, many of the random 
access systems on the market capitalize 
on their computer sophistication to 
offer integrated traffic, verification 
and billing features. This simplified, 
integrated, purchasing option appeals to 
many users, 
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Disadvantages 

The most obvious drawback to random 
access insertion systems is the need for 
multiple transports on each network. 
(This problem can be partially 
ameliorated by sharing VCR's between 
networks that have local avails that 
always run at different times, but not 
many networks would qualify for 
sharing.) In addition to the capital 
costs of having all these VCR 's, there is 
the on-going maintenance cost, and some 
operators would have trouble finding room 
for that many VCR's. 

Keeping all those VCR 's filled with 
tapes is another big issue to consider in 
evaluating random access systems. If a 
network offers 1-minute avails, you will 
need 2 copies of every spot; those that 
offer 2-minute avails require 4 copies. 
The multiple copies allow any combination 
of spots to run during any given break. 
Starting a new spot running on all 
networks will mean dubbing that spot onto 
2 reels for some networks, 4 reels for 
others. If you are running ads on 8 
networks, this can easily mean making 20 
or more dubs of each spot, 

The Critical Weakness of Random Access 

After using random access automation 
on 2 networks for several months, Oceanic 
concluded that it would never be able to 
comfortably handle more commercials, 
promos, IDs, and PS As than would fit on a 
single 60-minute tape (roughly 100). 
This proved to be a critical problem for 
us; our active inventory averages around 
250 items. 

Having more spots than will fit onto 
a single 60-minute tape means having to 
continually change tapes or installing 
additional VCR's. Rather than changing 
tapes all day, we could triple the number 
of transports per network to allow all 
spots to be loaded at all times. (250 
spots, with 100 spots per tape, works out 
to 3 sets of tapes for each network, and 
3 times the VCR's. See Table 1 for 
Oceanic's VCR requirements under either 
scenario.) Each VCR would take up space, 
consume power, generate heat and cost 
$40-$50 per month in maintenance. 

With either approach (constantly 
changing tapes or installing extra 
VCR 's), every new spot would need to be 
dubbed once for every playback VCR on every 
channel. With more than 200 active spots, 
we would have to keep 63 tapes current, 
organized and readily available. We 



RANDOM ACCESS VCR REQUIREMENTS 

MTV 
VH-1 
ESPN 
USA 
FNN 
Nickelodeon 
CNN 
Headline News 

RE-LOADING 
TAPES 

3 
2 
2 
2 
4 
2 
4 
2 

21 

Table 1 

WITHOUT 
RE-LOADING 

9 
6 
6 
6 

12 
6 

12 
6 

63 

receive from 5 to 10 new commercials 
and promos per work day to add to the 
active inventory. With that many sets 
of tapes, it would take 2-3 hours to make 
all the dubs necessary to add a new 
commercial to all channels. 

Assuming we used the fewest possible 
on-air playback VCR's to conserve space 
and reduce costs, the operators would be 
overwhelmed by the need to correctly 
re-load the 21 VCR's once or twice an 
hour, and commercials would likely be 
missed. If the operators have to 
constantly change tapes, we might just 
as well use the single spot per tape 
approach. At least it wouldn't need 
such a complex automation system. 

Additionally, the need to play back 
tapes from multiple VCR's for each 
channel makes it almost impossible to 
manually run commercials if the 
automation should fail, The operator 
would be unable to cue and roll all 
spots without the help of the 
automation. 

With multiple transports per channel 
and sophisticated controllers, random 
access systems have high incremental 
costs for adding additional networks, 

Finally, while many operators may be 
interested in integrated traffic, 
insertion and billing systems, others 
may prefer the flexibility of picking 
out these systems a la cart. 

SEQUENTIAL/AUTOMATIC COMPILATION 

Fortunately, Oceanic found a more 
practical solution. Rather than 
automating the playback of several tapes 
per channel, we chose a system that 
edits daily tapes automatically, 
Automatic compilation combines features 
of random access with sequential 
insertion systems. 

Description 

An automatic compilation system uses 
library reels, similar to the spot reels 
in a random access system, to create 
daily tapes for each channel, The logs 
are loaded into the system, becoming edit 
lists. The end result of an automatic 
compilation system is a daily tape for 
each channel, which is loaded into its 
respective sequential insertion system 
for on-air playback. 

Minimum Requirements 

An effective compilation system must 
meet certain criteria: 

1. It must use SMPTE time code for 
frame-accurate editing (see next item). 

2. It must compile the breaks on the 
daily tape out of sequence, 
checker-boarding the tapes until all 
positions in all breaks are filled in. 
This allows the system to transfer all 
the needed spots from each library reel 
before requiring a library reel "'change. 

3. It must allow for the use of multiple 
players and/or recorders. Multiple 
players reduce the number of library reel 
changes, and allow one machine to cue 
while another is editing. Multiple 
recorders allow spots to be transferred 
to different daily reels simultaneously. 

4. It must allow direct down-loading of 
commercial logs from the traffic system, 
avoiding the need to type in logs 
manually. 

5. It must automatically re-try edits 
that abort due to mis-matched time code. 
(With SMPTE time code, edits will 
occassionally abort when the 
controller is unable to get the machines 
to sync up properly. This is a random 
occurrence; the edit is almost always 
successful on second or third attempts.) 

Advantages 

Unlike random access systems, each 
spot need only be transferred to a 
library reel once. 

By retaining the sequential 
insertion system, the number of VCR's is 
kept to 1 per network, reducing capital 
costs, maintenance costs, space, power 
and cooling needs. 

Sequential insertion technology has 
proven reliable and simple to operate. 
(Oceanic is still using the first 
Channelmatic inserter ever sold.) 
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Reliability is higher than manual 
editing, thanks to time code. 
Frame-accurate editing insures that 
frames aren't cut off of commercials or 
frames from old commercials don't show 
at the edit points. The computer is 
also less prone to careless editing 
errors than people are. 

Labor costs of an automatic 
compilation system are limited to adding 
new spots to the library reels (once for 
each new spot, unlike random access) and 
the usual housekeeping involved in 
maintaining quality control of the video 
tape stock. Compilation itself doesn't 
require operator supervision. The time 
of the library tape changes can be 
accurately estimated in advance, and the 
system can be left unattended until the 
tape needs changing. 

Perhaps the most significant 
advantage of an automatic compilation 
system is that it is very forgiving of 
problems or failures. Small glitches 
don't affect the airing of commercials 
because the system is operating 
off-line, preparing daily tapes a day or 
so in ad vance. Problems can usually be 
resolved in time to complete the 
required editing and air all spots as 
scheduled. The on-air operation, being 
a collection of stand -alone sequential 
inserters, is immune to catastrophic 
failures that might disable all 
networks. 

Disadvantages 

As may be apparent, one disadvantage 
of automatic compilation systems is the 
difficulty of making last minute changes 
to the logs. These systems build the 
tapes in advance, so any late changes 
mean interrupting work in progress to 
re-edit daily reels that had been 
finished earlier, or manually editing 
the changes. (This is also true of 
manuallz edited sequential insertion 
systems. While random access systems do 
have an advantage in being able to 
quickly substitute one current spot for 
another, getting new spots on the air 
requires hours of dubbing.) 

The start-up cost for acquiring an 
adequate compilation system is likely to 
be high due to the sophistication 
required; at its core, the system should 
be a multiple-VCR editing controller 
with time code capability. 

The cost will depend on the editing 
workload. It's in directly related to 
the number of networks served: when 
there are more breaks than can be 
assembled in one day, then 
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additional VCR's must be added to speed 
up the compilation process. (Oceanic's 
current system compiles the daily tapes 
for 18 hours' worth of avails on 8 
networks, using 2 players and 3 
recorders, in about 12 hours.) 

A final drawback to automatic 
compilation is the extra generation lost 
in dubbing spots fir~t onto library reels 
then onto daily reels. It should be 
noted, however, that this same generation 
loss can occur when mass-producing 
identical library tapes for a random 
access system (each version of the 
library tapes would be dubbed to provide 
copies for all networks' VCR's.) This 
degradation of the video quality can be 
elminated by using SP recording 
technology, or minimized by using the dub 
video connections between VCR's. 

SUM~!K! A!Q CONCLUSIONS 

Oceanic Cablevision's Experience 

Oceanic has shown that converting 8 
channels to an automatic compilation 
system, even with the expense of 
modifying 5 VCR's for time code 
capability, was cost-competitive with 
converting to random access equipment and 
acquiring additional playback VCR's. 

In our case, we calculated that 
random access would have eliminated 4 or 
5 part-time editors, but 3 or 4 would 
have been needed to handle the dubbing of 
newly arrived commercials and promos. 
Furthermore, reliability would be reduced 
by the need to constantly change tapes in 
the control room. 

Converting to an automatic 
compilation system has eliminated 8 
part-time positions. The editing of the 
daily reels is unattended. (lvhomever is 
in the vicinity takes care of changing 
the source tapes about every 45 
minutes.) The amount of editing needed 
to add new spots is low enough that the 
former editing supervisor (who no longer 
has a staff to supervise) can handle all 
compilation and library tape housekeeping 
chores. With the cooperation of our ad 
sales and traffic personnel, last-minute 
changes have been kept to a minimum. 
Based on labor savings, system pay-back 
will come in about 18 months. 

Reliability has not been a problem. 
We have taken advantage of the off-line 
nature of automatic compilation: we've 
chosen a system configuration that allows 
us to complete daily compilation, add new 
spots and perform general housekeeping in 
around 18 hours, leaving up to 6 hours a 



day as a cushion if problems crop up, 

Changing tapes only once a day has 
kept our control room operation simple 
and avoided a lot of tape inventory 
management problems, We've added 
additional commercial insertion channels 
cheaply by purchasing a single VCR and 
low-cost sequential inserters. 

Lessons For Other Operators 

Though they are more dependent on 
automation than broadcasters, cable 
operators are still looking for the 
right technology for multi-channel 
commercial insertion. Virtually 
everything has been tried, or at least 
considered, but the industry has yet to 
embrace the one technology that can 
simplify complex operations. 

To sum up our conclusions, based on 
our experiences at Oceanic: 

1. Manual insertion using manually 
assembled tapes only works for the 
simplest ad sales efforts; for multiple 
networks and/or in case of frequent 
traffic changes, the labor costs become 
prohibitive. 

2. Sequential insertion using 
manually assembled tapes are cheap, 
simple and reliable, but only suitable 
for ROS sales practices. Again, the 
labor costs of frequent traffic changes 

are prohibitive. 

3. Single spot per tape cart systems 
work well for broadcasters, who only have 
one network to deal with (and who can 
afford to invest heavily in their only 
source of revenue), but become expensive 
and unwieldy when applied to multiple 
channels. 

4. Random access systems work well 
in medium-sized sales environments, but 
use too many VCR's and too many tapes, and 
don't reduce labor costs enough for larger 
ad sales environments. 

5. Automatic compilation systems 
keep tapes and VCR's to a minimum, use 
cheap and proven insertion technology, and 
keep labor costs lower than any other 
system. For large ad sales efforts, with 
more than 100 active spots, automatic 
compilation is the only way to go. 

Recommendations 

Cable operators need to adapt 
technology to their ad insertion needs, 
rather than vice versa. Those w1th the 
most sophisticated ad sales efforts will 
find that automatic compilation technology 
can make them more competitive by 
increasing their operating efficiency. If 
more operators ask for compilation 
automation, automation manufacturers will 
respond with a wider variety of products, 
improving the breed. 
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COMPOSITE SECOND ORDER: FACT OR FANTAS\ 

MARK ADAMS 

SCIENTIFIC-ATLANTA, INC. 

ABSTRACT 

Distortion parameters have always been 
the limiting factor within a CATV system, 
but as the bandwidth has increased from 12 
channels to 60 and 77 channels, the 
characteristics of the limiting 
distortions have changed. At the 
beginnings of CATV, cross modulation and 
noise limited the number of amplifiers an 
operator could run in a cascade. As the 
number of channels increased, cross 
modulation gave way to composite triple 
beat as the limiting factor, with noise 
still a prominent element. A strange 
thing has occurred however. As the number 
of channels increased further so did the 
importance of a distortion parameter that 
caused little if no concern before. This 
distortion parameter is called "second 
order" and in its discrete form still 
presents no problem to the CATV operator. 
But when this parameter is taken in its 
composite form, composite second order can 
compete with composite triple beat as the 
limiting factor for cascade length and 
feeder levels, especially in a 77 channel 
system. 

This paper will re-investigate the 
causes of second order distortion. It 
will also provide insights into 
calculating which composite second order 
beats are present from discrete second 
order numbers. In addition, it will 
provide an analytical analysis of a trunk 
amplifier, bridging amplifier and line 
extender for composite second order and 
how this distortion can be a limiting 
factor within a cable system. 

INTRODUCTION 

The CATV industry has seen a tremendous 
amount of change in the last 15-18 years. 
Systems that in the early 1970's carried 
12 or so channels have now progressed to a 
point where today, 60 or even 77 channels 
are reaching consumers' homes. This 
represents approximately 5 times the 
number of channels that once were present. 
Along with this growth however, additional 
problems have presented themselves to the 
industry. This paper looks into one of 
these problem areas. It must be 

understood however, that the data used to 
calculate the amplifier models and the 
distortion numbers within this paper are 
in their worst case situations. In 
reality the effects of offset headends, 
modulated carriers and many other 
combinations can contribute improvements 
in the numbers presented. 

CAUSES & EFFECTS OF SECOND ORDER BEATS 

In a CATV system, amplifiers and cable 
are the medium used to transport TV 
signals from the point of origin to the 
viewer's home. If things were perfect, the 
amplifiers would provide only signal 
amplification and there would be no limit 
to the number of amplifiers that could be 
cascaded. However, in the real'world 
there is no such thing as a perfect 
amplifier and they provide not only the 
desired signal increase or gain but they 
also introduce several unwanted elements 
commonly known as distortions. 

Distortions can take many forms, but in 
this discussion, only the distortion 
parameter known as second order will be 
addressed. Second order distortion is 
created when the amplifying transistors 
are not biased in balance. This imbalance 
creates the non-linear transfer 
characteristic in the amplifier. This 
non-linear relationship results in the 
compression and expansion of the peaks of 
the sine waves of the amplifier output 
signal in relation to its input signal. 
This non-linear transfer characteristic 
can be expressed mathematically by eout 
Xein + l/2X (ein) 2 and is characterized 
by Figure 1. 

FIGURE 1. 
AMPLIFIER TRANSFER CHARACTERISTIC 

eout = X en + 1 /2Xen 2. 

-1V -15V 
AM"L.FER GAN = 10 : X = 10 
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This diagram shows how the output 
signal is distorted with compression and 
expansion of the sine wave peaks when a 
2.0 volt peak-to-peak input signal is 
inserted into an amplifier that exhibits 
the form of eout = Xein + 1/2X (ein) 2. 
This non-linear effect is known as a 
square law transfer characteristic. 

This square law characteristic, when 
present in amplifiers with two input 
signals, will present beats within the 
spectrum as the phase relationship of the 
two input signals changes with time. 
These beats will be evident at 2 times f1 
(1st frequency); 2 times f2 (2nd 
frequency); fl + f2 (1st frequency+ 2nd 
frequency) and f2 - fl (2nd frequency -
1st frequency). Figure 2 shows this 
relationship of beats for an amplifier 
with fl = 55.25MHz (Channel 2 - IRC 
headend) and f2 = 241.25MHz (channel N -
IRC head end) . 

FIGI...BE 2. 
SECONJ ORDER BEAT SPECTRUM 

11 2f1 12-11 

11 = 55.25 '-f-tz 
12 = 24125 '-f-tz 
2f1 = 110.!50~ 

f2 f1+f2 212 

12-11 = 186.00 '-f-tz 
f 1 +f2 = 296.50 M-tz 
212 = 482.50 '-f-tz 

As can be seen in Figure 2, beats fall 
at 2fl = 110.50MHz; 2f2 = 482.50MHz; fl + 
f2 = 296.50MHz and f2 - fl = 186.00MHz 

The beat relationship depicted in 
Figure 2 holds true for whatever input 
signals are inserted into amplifiers that 
exhibit the square law transfer 
characteristic. Such beats can affect the 
picture quality of TV signals if the 
amplitude of the second order beat product 
is great enough. 

Second order is evident to viewers as a 
herring-bone pattern that appears to be 
floating across the picture. The 
viewability of this phenomenon is highly 
subjective, and ranges of susceptibility 
have been as great as 9dB. 
Recommendations for the levels of discrete 
second order interference are -60dBc by 
the NCTA and Figure 3 shows the 
permissible limits for interfering signals 
in relation to visual carriers. 
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FIGURE 3. 
RELATIVE SENSITIVITY OF A VISUAL CARRIER TO 

INTERFERING SIGNALS. 

-1 0 2 3 4 

FFECI..EJ\CY OF NTEAFEANG SiGNI<l. WITH AEFEHENCE TO 
11-E 11\SUAL CAffiER M-tzl. 

As can be seen by Figure 3 only the 
signals that fall at a frequency of fref 
+1.25MHz (fref =reference frequency) will 
present possible interference problems. 
The level of interference to visual 
carriers must be greater at this point 
than that of fref - 1.25MHz. If the beat 
products taken from Figure 2 are applied 
to the graph of Figure 3, then the only 
beats that could possibly present problems 
are those at llO.SOMHz; 296.50MHz and 
482.50MHz. For this reason beats that are 
generated as a subtraction (f2 -f1) are 
not considered as problems to the CATV 
operator. Even beats that fall into the 
fref + 1.25MHz category present no 
problems to systems with a small number of 
channels present. But now consideration 
will be given to the second order beats in 
systems that carry 77 channel loading. 

COMPOSITE SECOND ORDER NUMBERS 

Composite Second Order occurs when many 
combinations of signals beat together. The 
once unimportant discrete second order 
beat, when summed with many other discrete 
second order beats falling on the same 
frequency (due to other channel pairs), 
results in a composite second order 
distortion which may have a level large 
enough to interfere with the visual 
carrier. This presents problems since 
amplifier manufacturers and CATV equipment 
manufacturers at present only specify what 
Discrete Second Order (DSO) numbers should 
be-not those of Composite Second Order 
(CSO). Composite second order numbers can 
be calculated however, by the equation CSO 
= DSO + 10 log X, where X = number of 
beats on fref + 1.25. The unknown now is 
the number of beats that make up X. In a 
550MHz system (77 channel) there are 29 
beats that fall on 548.50MHz, the 
relationship of the number of beats to 
frequency can be seen in Figure 4. 



FIGURE 4. 
NUMBER OF COMPOSITE SECOND ORDER 

BEATS IN A 77 CHANNEL SYSTEM 
60 
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As can be seen, the maximum number of 
CSO addition beats falls at 548.5MHz. 
Experiments have been performed on 10 
samples each of a 550MHz 19dB gain 
push/pull hybrid; a 550MHz 19dB gain 
parallel hybrid and a 550MHz 24dB gain 
feedforward amplifier to determine how 
accurate the equation CSO = DSO + 10 log 
(X) is. The average of each group of 
amplifiers is given in Tables 1 thru 3. 

TABLE 1: 550MHz 19dB Push/Pull Amplifier 

Discrete Second Order Spec = 
-66dB at +50dBmV 

Calculated Composite Second Order Spec 
CSO DSO + 10 log X where X = 29 

-66 + 10 log 29 
-66 + 14.6 
-51.4 

Freq. 548.50MHz 

Average 
Measured 

DSO 

67.0 

Average 
Measured 

cso 

51.6 

TABLE 2: 550MHz 19dB Parallel Hybrid Amp. 

Discrete Second Order Spec = 
-65dB at +50dBmV 

Calculated Composite Second Order Spec 
CSO DSO + 10 log X where K = 29 

-65 + 10 log 29 
-65 + 14.6 
50.4 

Freq 548.50MHz 

Average 
Measured 

DSO 

70.0 

Average 
Measured 

cso 

58.0 

TABLE 3: 550MHz 24dB Feedforward Amplifier 

Discrete Second Order Spec = 
-80dB at +50dBmV 

Calculated Composite Second Order Spec 
CSO DSO + 10 log X where X = 29 

-80 + 10 log 29 
-80 + 14.6 

65.4 

Freq 548.50MHz 

Average 
Measured 

DSO 

85.0 

Average 
Measured 

cso 

71.0 

As can be seen from the data, all three 
amplifiers exhibited better DSO 
performance than specified: the push/pull 
by +1dB, the parallel hybrid by +5dB, and 
the feedforward by +5dB. However the 
relationship that needs to be looked at is 
that of the discrete second order beat to 
that of the CSO beat. In the case of the 
push/pull and feedforward amplifiers, the 
10 log X with X= 29 holds very close to 
being true (difference = .6dB in both 
cases). Only in the case of the parallel 
hybrid amplifier did this relationship 
break down. These amplifiers SRowed only 
a 12dB degradation instead of the 14.6dB 
that was calculated. 

Explanations to this might come from 
the fact that just as transistors within 
amplifiers are not biased in balance, the 
two separate amplifier sections that make 
up a parallel hybrid amplifier may not be 
balanced and the square law transfer 
characteristic of the gain block might be 
out of phase. Now that the relationships 
of DSO to cso has been established, an 
analysis can be made as to how this 
affects trunks, bridgers and line 
extenders used in a CATV system. 

AMPLIFIER ANALYSIS 

As mentioned previously, amplifiers are 
used to transport TV signals from one 
point to another. The most common of 
these are called trunk amplifiers. These 
units are built to better distortion 
specifications than bridgers and line 
extenders due to the fact that several 
(most cases up to 20) may be cascaded 
together to transport these signals. When 
distribution of signals is required to 
neighborhoods, units known as bridging 
amplifiers and line extenders are used. 
These units, while not exhibiting as good 
of distortion performance, operate at 
higher levels than trunk amplifiers. In 
order to see the effects of CSO on a CATV 
system, models of these amplifiers will be 
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made using the average CSO numbers from 
Tables 1 thru 3. In the case of the trunk 
amplifier a push/pull hybrid will be used 
together with the feedforward block. The 
bridging amplifier and line extenders will 
both be parallel hybrid units meaning that 
the push/pull hybrid will be used as the 
input with the parallel hybrid device used 
as the output. Levels for the units will 
be +11dBmV input; 37dBmV output for the 
trunk; and the outputs for the bridger and 
line extenders will be +46dBmV. 
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CASE 2: 
CSO for unit 

10 log 

10 log 
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A review of the preceding cases shows 
that in trunk amplifiers, the input hybrid 
is the limiting component in determining 
CSO, while in the bridging amplifier and 
line extender, the output device is the 
one that contributes the most to CSO. 

SYSTEM ANALYSIS 

Now that models have been generated 
for trunk, bridging and line extender 
amplifiers, the numbers derived from these 
models can be used to determine the 
consequences of CSO on the cable plant. 
If a typical system of 20 trunk 
amplifiers, a bridging amplifier at the 
20th location, followed by 2 lines 
extenders is analyzed, the following CSO 
numbers can be calculated. From Cases 
1-3: 
Case 1 
Case 2 
Case 3 

TABLE 4 

Trunk amplifier CSO = -74 
Bridging Amplifier CSO = -59.5 
Line Extenders CSO = -64 

Trunk contrjbution -74 + 10 log 20 
where 20 = number of identical amplifiers 
in cascade. 
Trunk contribution -61dB CSO 
Bridging Amplifier Contribution 



Trunk Amplifier 
CSO Number + 
therefore, 

Bridging Amp 
CSO Number 

cso 
-61 -59.5 

10 log (10 10 + 10 10) 
-57 dB 

Line Extender Contribution = 

Trunk & Bridging Amp 
CSO Number + 
therefore, 

Line Extender 1 
CSO Number 

-57 -64 
CSO 10 log (10 10 + 10 10) 

-56 dB 

This is added to a second line extender 
whose CSO number is also -64 therefore, 

-56 -64 
cso 10 log (10 10 + 10 10) 

-55 dB 

This -55dB CSO number represents the 
end of the line performance and is 5dB 
below what the NCTA recommends for DSO 
performance. When this -55dB CSO is 
compared to the minimally acceptable 
interference graph of Figure 3 it can be 
seen that CSO is right on the threshold on 
acceptability. 

CONCLUSIONS: 

While the data presented in this paper 
is that of an absolute worst case 
situation, (IRC headend - no offsets; CW 
carriers, no system tilts etc.) care and 
consideration must be given to CSO. No 
longer can operators afford the luxury of 
ignoring this phenomenon if 77 channel and 
larger systems are to be built. 
Additionally, both the amplifier and CATV 
equipment manufacturers must start 
specifying equipment with CSO numbers. 
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USING lASER DIODES 
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ABSTRACf 

Using a Laser diode in an analog multichannel fiber 
optic link Composite Triple beat and Carrier to Noise 
ratios are calculated as a function of laser parameters as 
well as of the number of channels. Two models for the 
nonlinearities of a laserdiode are used. The results are 
applied to multichannel Vestigial Sideband transmission. 

INTRODUCTION 

The low loss of optical fibers (0.5 dB/km versus 
30 dB/km of coax) makes them an attractive choice for 
multichannel TV transmission. Single mode fiber 
technology offers up to 1 GHz transmission bandwidth at 
reas~nable cost. Modal noise problems that plagued older 
multlmode systems are non existent in single mode 
designs. The choice of the modulation format for the 
transmission of multichannel video is heavily dependent 
on the parameters of an optical link in terms of noise, 
intermodulation distortion, and loss budgets. Frequency 
modulation has been successful when noise levels were 
high (because backreflection problems were not fully 
understood and because of high RIN in the lasers 
themselves). Improvements in laser technology and the 
capability to avoid backreflection noise allow the use of a 
Vestigial Sideband modulation format. This approach is 
very attractive, because no modulation conversion (which 
is costly or oflirnited quality) has to be done. 

The optical link seen as an RF communication link 

Every RF link (microwave, coaxial CATV trunk or 
supertrunk etc.) can be analyzed for analog transmission, 
when the following parameters are known: 

- The noise figure 

-The intermodulation characteristics 

- The compression power 

It is interesting to ask if these parameters can be found 
for a link including optical components (lasers, PIN 
detectors etc.) too. 
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The few laser manufacturers that specify noise for 
their lasers do this by using the RIN number (Relative 
Intensity Noise) [1, Guekos 1983). RIN can be 
considered to be the noise floor, measurable with a 
spectrum analyzer after light to current conversion with 
an optical detector. 

To find the carrier to noise ratio we consider the 
following: We talk about 100% depth of intensity 
modulation of the light when an RF signal that is 
superimposed to the bias reaches the lasing threshold 
with its peaks (see figure 1). RIN can therefore be 
considered a peak carrier to noise density ratio. 

p opt 

Figure 1: 100% intensity modulation of a laser diode 



The carrier to noise (density) ratio CNR when the depth 
of modulation is 100% is 

CNR = -RIN-3 (dB) (1) 

The noise figure F of the laser can be found when the 
CNR at the input of the laser is known. The RF drive 
level is determined with the differential quantum 
efficiency E of the laser, which is 

E = d(Popt)/d(id) 

withPopt: Optical power 

id : Laser diode current 

The RF drive level C form= 100% is 

C = (ibias/v'2)2z 

with ibias : Laser bias current 

(2) 

(3a) 

Z : Resistor in series with the laser diode (75 Ohm) 

Using equation (2) in equation (3a) and the bias current 
as the differential drive current, we find 

2 C = (P optiE) Z/2 (3b) 

The noise power NL referred to the input of a laser 
diode exceeds kTo by the noise figure of the laser: 

NL = -174 + F (dBm) (4) 

With the definition of the CNR 

CNR = 1Q.log(Pc!PN) = C-N (dB) (5) 

we find that 

N = C-CNR (dB) (6) 

With 1Q.log(kTo) = -174 dBm!Hz and using equation (4) 
and equation (3) we find F to be 

FL = 10log((PoptiE)2Z/2] + RIN + 207 (dB) (7) 

A good laser diode can have a -145 dB/Hz RIN 
number. With a typical differential efficiency of 0.04 WIA 
and an output power of 1 mW we find the laser noise 
figure to be 46 dB in a 75 Ohm system. 

Intermodulation Distortions 

The nonlinear distortion of the laser transfer 
characteristic produces intermodulation products in an 
analog multicarrier system. 

To determine distortion levels in a weakly nonlinear 
region around the bias point it is sufficient to specify the 
2nd and 3rd order input intercept point (IP) of a laser. 
The third order IP can be found by driving the laser with 
two RF carriers with a total depth of modulation of less 
than 50%. A PIN detector will show the following 
spectrum (figure 2): 

Two Tone 
intermodulation 

ratio TTR 

f 

Figure 2: Two tone third order intermodulation test of 

the laser. 

The 3rd order Input Intercept point IP3in is defined [2, 
Hayward 1982] as 

IP3in = Cin + TTR/2 (dBm) (8) 

The Triple Beat Ratio (TBR) is 6 dB lower than the Two 
Tone Ratio (TTR), shown in figure 2. Equation (9) shows 
how to find the TBR when an Intercept point is known: 
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TBR = lTR-6 == 2(IP3in- Cm)-6 (dB) (9) 

A Dynamic Range figure D allows the comparison of 
different RF link components with respect to CNR and 
channel loading. It is insensitive to the input level into 
the device under consideration: 

D = IP3uJ2-F (dB) (10) 

Let us compare a laser diode to a cascade of 20 coaxial 
amplifiers (each at a gain of 20 dB to compensate the loss 
of a coaxial cable): 

Laser 

F: 46dB 

IP3in: 25 dBm 

D: -33.5 dB 

Coax Amps 

22dB 

lldBm 

-16.5 dB 

This laser(RIN = -145 dB/Hz, IP3in = 25 dBm, 
E=0.04A/W, and Popt= 1 mW) has a dynamic range of 
17 dB less than a standard coax amplifier cascade with 
20 dB of gain per amplifier. Distributed Feedback Lasers 
(DFB's), can have RIN's as low as -155 dB/Hz. Their 
Dynamic Range is therefore only about 7 dB lower than 
that of the above mentioned coax amplifier cascade. The 
conclusion that today's lasers are becoming as good as 
coax amplifiers is not necessarily correct. First we have to 
answer the following questions: 

- Is the 3rd order intercept point a sufficient description 

of 3rd order nonlinearity? 

- What about second order distortions? 

- Under what conditions do we really get the low noise 

of the latest laser diodes? 

- How do systems architectures compare between fiber 

and coax? 
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Here are possible answers: 

Is the 3rd order intercept point a sufficient description of 
3rd order non1inearity? 

The answer is no when a multichannel CATV signal is 
used. Let's first look at a typical bridger amplifier. Some 
manufacturers recommend to operate them at a 51 dBmV 
level with 54 channels. At one (very improbable) time all 
54 carriers will be at maximum amplitude. The peak to 
peak sum voltage at one output transistor is then 
2-54-355 mV or 27V. Those hybrids operate from 24V. 
Therefore, at times that are statistically very rare, this 
hybrid amplifier is driven into saturation. The same could 
be true for a laser. When the RF drive current hits the 
lasing threshold or when it hits the high power region 
where the differential quantum efficiency rolls off, we 
leave the weakly nonlinear region described by the third 
order intercept point. Figure 3 compares the two devices. 

How to deal with this quantitatively? Coaxial CATV 
amplifier manufacturers measure intermodulation 
distortion (composite triple beat) under real life 
conditions or with a Dix Hill signal generator. The same 
can be done with a laser. Nevertheless, it is possible to 
make some predictions of the distortion products of a 
laser when two laser models are used: 

Modell: The laser has no compression and is adequately 

described by its third order intercept point 

(and other laser data). 

Model 2: The laser is perfectly linear with the exception 

of the compression at the lasing threshold. 

The distortion products of both models can be 
calculated: 

Model 1 

It is generally agreed that the correct way of specifying 
third order distortion in CATV is the Composite Triple 
Beat Ratio (CBR) [3, Jeffers 1980). Let's derive a CBR 
when the 3rd order intercept point is known: 

The Composite Triple Beat Ratio (CBR) for multiple 
carriers is 



Coax Amplifier 

Amp 
Saturates 

Laser 

p opt 

IP3 ak 

CBR = TBR- K logCh 

= TIR - 6 - K logCh 

with Ch: Number of channels 

TBR: Triple Beat Ratio 

TTR: Two Tone Inermod. Ratio 

K: Constant 

(dB) (11) 

The constant K is equal or less than 23 (4, Afsar 1987). 
Using the Intercept Point number, we find with equation 
(9) 

CBR = 2(IP3-C)- 6 -K logCh (dB) (12) 

It is useful to ask for the carrier to noise ratio for a 
varying number of channels when composite triple beat is 
below the limit of perceptibility (CBRao 60 dB). Using 
equation (5) (C = CNR + N) in equation (12) we find 

CNR = IP3-F+108-(CBR+6+KlogCh)/2 (13) 

With the above laser, CBR = 60 dB, K = 18, and 10 
Gain channels we get a CNR of 45 dB. 
rolls off 

Lasing threshold 

Figure 3: Nonlinear regions of coax amplifier and laser 

If these carriers are amplitude modulated (vestigial 
sideband) with a 50% APL video signal, then their 
average power is 6 to 8 dB lower than their power at sync 
time. We can therefore drive the laser 6 dB higher and 
now get a CNR of 51 dB for 10 channels. 

Model2 

We assume that the laser is totally linear with the 
exception of the threshold region (we neglect 
compression at high optical power levels). From the 
considerations on RIN we know that 

CNR = -RIN-3 dB 

for 1 carrier and 100% depth of intensity modulation. If 
the sum RF current must not exceed the threshold region 
then we have to reduce the RF drive level by 20logCh 
(Ch =number of channels). Therefore 
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CNR(Ch) =-RIN-3-101og4.2MHz-20logCh(14) 

The above laser with an RIN of -145 dB/Hz will therefore 
have a 10 channel CNR of 

CNR(lO) = 145-3-66-20 = 56 dB 

when this model is used. 

Figure 4 shows CNR for Model 1 and Model 2 as a 
function of the number of channels. The upper curve is 
for the case that the modulation is Vestigial Sideband (or 
AM), the lower trace is for unmodulated carriers. 

Laser data: 

seems that we have to live for some time with those 
distortions. Two approaches can be used to solve this 
problem: 

- The Octave System 

- The Split Band System 

- HRC 

In the Octave System, the channels are converted to a 
higher frequency where they do not exceed an octave 
anymore. Second order products fall then above or below 

RIN = -145 dB/Hz 

dB 
70 
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Efficiency = 0.04 W/A 
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Figure 4: CNR for Modell and Model2 as a function of the number of carriers (channels) 

Wbat about second order djstortjon? 

When standard frequencies for Vestigial Sideband 
transmission are used the second order difference 
products fall 1.25 MHz below other visual carriers and 
cause therefore no visible impairment. The second order 
sum products fall 1.25 MHz above other visual carriers 
and cause very visible luminance interference. 

In the late 60's increasing numbers of channels made 
second order products of single ended amplifiers the 
biggest limitation of CATV. The introduction of 
push-pull amplifiers solved that problem [5, Lambert 
1970]. Lasers suffer from the same second order 
distortion. Lasers can be designed to have low third order 
distortions but this does not necessarily affect second 
order products. Push-pull lasers are unknown and it 
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the frequency range occupied by the channels. 

In the Split Band System one laser can transmit the 
Low Band (54 ... 88 MHz) and the High Band 
(174 ... 216 MHz). All second order products fall above, 
below, or between the two bands. A second laser 
transmits the Mid Band (120 ... 174 MHz), which is less 
than an octave. And a third laser transmits the Super 
Band (216 ... 294 MHz). If more channels are needed, a 
fourth fiber might be used for the Hyper Band as is shown 
in Figure 5. 

When HRC (Harmonically Related Carriers, all 
carriers are phase locked to a common frequency 
reference) is used second as well as third order products 
fall with no frequency offset on top of visual carriers. 
When phase noise is low the visibility of such an 
impairment is very low. HRC has been used to fight 



composite triple beat but it can also be very useful to 
reduce second order interference in a single ended system 
like a laser diode. 

Low & High 
Band 

Mid 
Band 

Super 
Band 

Hyper 
Band 

1----o 50 ... 450 MHz 
Output 

Figure 5: A CATV fiber optics link for Vestigial Sideband modulation avoiding second order distortion 

J Jnder what conditions do we really &et the low nojse of 
tbe latest laser djodes? 

The RIN of a laser is highly dependent on the amount 
of light that is reflected back into the laser [6, Ohnishi 
1983]. The following sources of back reflections can be 
found: 

- Reflections inside the laser 

- Reflections in the connectors 

- Reflections in the splices 

- Reflections in the detector 

Reflections inside the laser are out of our control. 
Reflections in connectors can be kept low if special high 
return loss connectors are used. The state of the art is a 
55 dB return loss. Principles as described in [7, Rao and 
Cook 1986] are used. Another method is to avoid 
connectors totally and fusion splice the entire system. 
Reflections in splices can be avoided when fusion splices 
or low loss rotary splices are used. Reflections in 
detectors are hard to avoid, unless the manufacturer takes 
special measures to couple the light from the pigtail to the 
photodetector like antireflective coating and polishing the 
fiber at an angle. All reflection problems can be solved 
when an optical isolator is used directly after the laser [1, 
Guekos 1983]. 

Another problem is receiver noise. We can ask at what 
optical receive power the contribution of receiver 
quantum noise is equal to RIN. At this power level video 
SNR will be degraded by 3 dB. 

When RIN is predominant CNR is in a 1 Hz bandwidth 
and for 100% depth of modulation: 

CNR = -RIN -3 (dB) 

When quantum noise is predominant CNR is for the same 
bandwidth and modulation [8, Keiser 1983]: 

CNR = RoPr/4q 

with Ro: Detector Responsivity 

Pr: Received optical power 

q: 1.610·19 

(dB) 

We get a 3 dB systems CNR degradation when 

-RIN-3 = 10log(RoPr14q) 

Solving equation (16) for Pr: 

Pr = (4q/2Ro10·RIN/10) 

(dB) 

(dBm) 

With Ro=75% and RIN =-145 dB/Hz, we get 

a receive power of 0.135 m W or -9 dBm. 

(15) 

(16) 

(17) 

With the above laser diode. (1mW optical output 
power) we would therefore get a 51-3 = 48 dB CNR after 
9 dB of optical loss for a CBR of 60 dB and for 1 0 
channels. 

It becomes apparent that today's 1 m W lasers are not 
powerful enough for high optical loss budgets. 
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Another question is: How does a calculated CBR 
compare to a measured one? Here we open a door to 
misunderstandings. Nobody measures CBR's with a true 
power meter for the reason that a spectrum analyzer is a 
more convenient tool. This instrument contains a 
logarithmic amplifier followed by a peak detector. 

Therefore, correction factors can be calculated when 
the statistics of the noise are known. For Gaussian noise 
and for Bessel IF filters this is 2.5 dB. H we assume that 
composite triple beat noise has a similar correction factor 
(it is essentially narrowband noise), then we can measure 
a 1.3 dB higher CNR for a given (rms-power) CBR. 

Comparison of theoretical results with measured results 

We have experienced that measured results are 
normally better than what theory predicts. Possible 
reasons are: 

- The constant Kin equation (11) can be lower than 23, 
resulting in a lower CBR than predicted by equation 
(11). 

- Some lasers are operated around their inflection point 
of the laser transfer characteristic (the third derivative is 
zero and therefore third order products are zero). Hire an 
inflection point finder when you plan to use those lasers. 

-RIN's are better than -145 dB/Hz. RIN's as high as 
-155 dB/Hz have been reported. A 10 dB better RIN 
allows a 10exp(10/23)•3 higher number of channels. 

How about the usefulne:t'i of HRC? 

HRC is in fact very useful in an optical link. When [9, 
Switzer 1975] was phase fideling in the 70's, he expected a 
somewhat higher HRC gain than was found later to be 
feasible in practice. A good explanation for that can be 
found in [10, Krick 1979]. An HRC signal has a peak 
envelope that is a function of the phase relationship 
between the individual carriers. Krick shows that the 
worst case peak envelope of a multichannel CATV signal 
can be 5 times higher than under optimum phase 
conditions. In a normal coax system this phase pattern 
changes along the trunk and so does the peak envelope, 
causing different amounts of intermodulation distortion 
along the trunk. In a cascade of amplifiers an optimum 
phase pattern or a minimum envelope can therefore 
hardly be maintained. 

Since repeaters are very unlikely in an optical system 
using AM, one laser can take full advantage of an 
optimum phase pattern, therefore achieving full HRC 
gain. 

What has been done so far in AM on fiber? 

The Japanese have reported AM on fiber systems [11, 
Fujita 1985] and [12, Fujita 1988]. [13, Koscinski 1987] 
talked about linearisation principles. Similar methods 
have been published in f14, Straus 19771 also. Ortel 
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showed a 40 channel system at the Western CATV Show 
1987 in Anaheim. In 1988, more reliable data can be 
expected in regards to this subject. 

What prouess can be expected in AM on fiber? 

Predistortion networks allow a substantial improvement 
of the linearity of the optical transmitter. It is not clear if 
improvements of the lasers themselves can not do the 
same. The goal will be to come as close as possible to an 
optical transmitter that behaves like the above mentioned 
model2. 

External modulation of the light intensity will become 
an issue when distortions of an external modulator are 
lower as when a laser is directly modulated. The insertion 
loss of an external modulator has to be small as long as 
the laser power is a limiting factor in systems architecture. 
See [15, Stephens 1987] about external modulators. 

How do system architectures compare between fiber and 
max 

The newest developments in laser technology and in 
the use of single mode fiber have shown that substantial 
numbers of AM (vestigial sideband) or FM channels can 
be transmitted over fiber. The CATV operator should be 
aware of the difference between AM on fiber and AM on 
coax. It is improbable that AM on fiber can use repeaters 
in the same way as it is common practice with coax 
amplifiers. Therefore the architecture might be more in 
the direction of a star form. Today's lasers have too little 
power to allow branching as would be required in a tree 
network. This might change in the future. 

Conc!usjons 

Looking at a fiber optic link from an RF standpoint 
allows us to predict Composite Triple Beat and Noise 
with a reasonable degree of accuracy when multichannel 
VSB/AM signals are transmitted. 

Semiconductor lasers have reached performance levels 
regarding linearity and low noise that make them a 
feasible choice for video multichannel VSB/AM 
transmission on fiber. Second order distortion levels are 
often a limiting factor. The frequency plan has to be 
chosen so that second order products do not produce 
visible interference. Higher optical transmit power levels 
than 1 m W will be needed, when optical loss budgets have 
to exceed a few dB and when CNR's close to 50 dB have 
to be achieved. Cost effective 450 MHz Vestigial 
Sideband fiber optic links using up to four fibers can be 
expected to be successfully installed in the near future. 



AcknawledKements 

The author would like to thank the Synchronous team 
for making this paper possible, especially Vince Borelli 
for his contributions regarding frequency planning for 
second order distortion problems and fiber optics, John 
Folkesson for his extensive measurements, and AI 
Johnson for many helpful discussions. 

Ref ere pees 

[1] Guekos, G. et al.: Potentials of Fiberoptic 
Multichannel Television Transmission by Analog 
Modulation, 13th International Television Symposium, 
Montreux 1983, Reprinted in IEEE Press, Television 
Technology Today. 

[2] Hayward, W.H.: Introduction to Radio Frequency 
Design, Prentice Hall1982, p. 227. 

[3] Jeffers: Technical Considerations for Operating 
Systems Expanded to 50 or More Television Channels, 
IEEE CATV-5, No. 1, 1980. 

[4] Afsar, E.: Technical Options for Increasing the 
Frequency Range and the Channel Capacity of Existing 
CATV Networks, 15th International T.V. Symposium, 
Montreux 1987, p. 185. 

[5] Lambert, W.H.: Second-Order Distortion in CATV 
Push-Pull Amplifiers, Proceedings of the IEEE, Vol. 58, 
No.7, 1970, p. 1057. 

[6] Ohnishi, K., and Sato, K.: Reflection induced laser 
noise evaluation and its use in transmission system design, 
Proceedings of OFC/OFS, New Orleans, 1983, p. 68. 

[7] Rao, R., and Cook, J.S.: High Return Loss Connector 
Design Without Using Fibre contact or Index Matching, 
Electronics Letters Vol. 22, No. 14, 1986. 

[8] Keiser, G.: Optical Fiber Communications, 
McGraw-Hill, 1983, pp. 203. 

[9] Switzer, 1.: A Harmonically Related Carrier System 
for Cable Television, IEEE Transactions on 
Communications, Vol. Com-23, No.I, 1975, pp. 155. 

[10] Krick, W.: Improving cable television transmission 
by means of an optimal coherent carrier system, 11. 
International T.V. Symposium, Montreux, 1979. 

[11] Fujito, K., Nishino, Y., Utsumi K., and lchida T.: 
Wideband Analog Optical Link for Multichannel TV 
Signals, IOOC-ECOC, 1985). 

[12] Fuji to, K., Uno T., Ichida T., Serizawa, H., Low noise 
wideband analog optical link using a DFB laser diode, 
OFC '88, New Orleans, 1988. 

[13] Koscinski, J.: Feasibility of Multi-Channel VSB/AM 
Transmission on Fiber Optic Links, NCTA Technical 
Papers, Las Vegas 1987, p. 17. 

[14] Straus J. et al.: Linearisation of Optical Transmitters 
by a Quasifeedforward Compensation Technique, 
Electronics Letters, Vol. 13, No.6, 1977, pp. 160. 

[15] Stephens, W.E. et al.: System Characteristics of 
Direct Modulated and Externally Modulated RF Fiber 
Optic Links, IEEE Journal of Lightwave Technology, 
March 1987, Vol. LT-5 Nr. 3. 

1988 NCTA Technical Papers-101 
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ABSTRACT 

When making absolute measurements of radio 
frequency field intensity, the most important crite
rion is to establish an undisturbed field pattern at the 
point of measurement. Unfortunately, in the quest to 
quantify the magnitude of signal egress from a cable 
television plant source, the engineer is faced with a 
situation which is far from ideal. This paper will ex
plore a few of the possible equivalent transmitting 
antenna configurations that make up the real cable 
world, how these hardware models affect propaga
tion parameters and finally how the results are 
viewed by commonly used receiving antennas. A 
method of simulating a leakage field for 
dipole/monopole measurement correlation will be 
disclosed. 

fNTRODUCTIQN 

Signal leakage-a term preferred by the cable 
television industry to describe the emission of energy 
from the imperfectly shielded environment which 
transports entertainment and commercial informa
tion in a point to multipoint manner-is the single 
remaining cable television technical parameter en
forced by the Federal Communications Commission 
(FCC) as defined in Part 76 of the rules. 

The task of maintaining leakage limits below the 
maximum specified by the Commission falls on the 
shoulders of industry engineering personnel. 
Providing leakage quantification within or close to 
the aeronautical bands of interest following mea
surement procedures provided in CFR 76.609(h) can 
result in the use of a receiving half-wave dipole· 
which becomes quite cumbersome, i. e., about four 
and one-half feet at 108 MHz, particularly if the intent 
is to monitor the plant condition from a vehicle. 

Aerial construction practices, in particular, 
place the coaxial system within close proximity to 
other conductors and structures, each of which pro
vides the mechanism for potential field pattern dis
turbance. Such interference with the theoretical 
propagation phenomenon promotes the idea that the 
prediction of the plane of radiation may be arbitrary. 

Given that the last idea has merit, it becomes far 
more convenient to use a quarter-wave vertically ori
ented whip (monopole) antenna as a monitoring tool. 
As will be shown later, results obtained through the 
use of this device can be equally accurate with those 
obtained through the use of a horizontal half-wave 
dipole. 

Field strength patterns from fundamental an
tennas will be explored briefly, followed by a more 
comprehensive discussion of the disturbances caused 
by close proximity objects and their effect on typical 
patterns. 

The study will conclude with a discussion of a 
test site and equipment used to provide 
dipole/monopole signal interception correlation, 
along with supporting tabular data. 

TYPICAL lJNDJSTUBBED ANTENNAE PATfERNS 

Two antenna types, typical to the pursuit of sig
nal leakage minimization within the cable television 
industry, have already been mentioned; the horizon
tal half-wave dipole and the vertical quarter-wave 
whip or monopole. Because of the physical properties 
involved, pinpointing the source of leakage requires 
yet a third pick-up device, the operation of which is 
very different from that used for signal leakage level 
quantification. 

Within the plant, of course, are the transmitting, 
antennas which are more obscure and thus less sim
ple to define. Most all have at their root, however, the 
long wire antenna type. 

The Near-Fjeld ys The Far-Fjeld 

Before beginning more detailed discussion of 
field patterns from the various antennas types asso
ciated with CATV plant signal leakage control, it is 
necessary to briefly touch on electromagnetic funda
mentals. The engineer is faced primarily with two 
problem types; to quantify the magnitude of the leak
age signal and to locate the point source of this unde
sirable hi-product of cable television system operation 
in order to bring the first element to within specified 
boundaries. Effective solutions to the described prob
lems require working within both the far-field and 
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the near-field environments. Proper field intercept 
for the respective types involve the use of very differ
ent tools. 

It is a fact that any time current passes through 
a conductor, an electric and a magnetic field is cre
ated some of which is radiated. Radiated electro
magnetic energy is self-perpetuating by virtue of the 
alternating collapse and build-up of electric (E) and 
magnetic (H) fields comprising the energy unit that 
has broken loose from its parent. It is, therefore, no 
longer dependent upon or influenced by any subse
quent energy emitted from the parent fields. That 
notwithstanding, even though the energy has become 
independent, it is subject to loss in the form of heat, 
generated because of the perpetually alternating in
teraction between the E and H fields. As a result, the 
radiated field eventually becomes infinitesimal. 

From the point that radiation occurs, the mag
nitudes of electric and magnetic fields, theoretically 
and practically, follow rather rigid rules. If the two 
field energies necessary for signal propagation are 
provided names, the progenitor could be called the 
induction field and of course the free spirit will be 
called the radiation field. 

The induction field loses intensity very rapidly 
(proportional to between the third to the fifth power of 
the distance) at points much less than one wave
length from the conductor and at intermediate dis
tances, the intensity drop is less dramatic but still 
proportional to the square of the distance. Figure 1 
demonstrates that by the time several wavelengths 
are reached, the induction energy remaining is so 
small that the radiation field intensity becomes dom
inant and remains that way until the signal becomes 
undetectable. The radiation field disburses at a rate 
of half the intensity for each distance doubling. 

dB 

r--- NEAR FIELD 

+ r INTERMEDIATE FIELD 

I I 
I I 
I I 

1 FAR FIELD 

I 
I 
I 

Figure 1 - Near-Field and Far-Field Attenuation 

Several important things to note: 
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There is no magic, single point boundary delin
eating the near-field from the far-field zones. At the 
point where the drop in field intensity is sufficiently 
close to the rate of one-half per frequency doubling, a 
far-field condition exists; 

Accurate quantification of field intensities can 
be made only with appropriate far-field receiving an
tennas; 

Devices made to intercept near-field energy do 
not provide accurate indication of far-field absolute 
intensities, regardless whether such devices are used 
in the far-field or in the near-field. Attempts to 
quantify the absolute intensity value of the near-field 
energy surrounding an emitter requires the insertion 
of a probe directly into the flux with a special aper
ture designed for this purpose. In this manner, this 
tool is used to locate the source of the energy. 

The Horizontal Half-Wave Dipole 

The half-wave dipole is a fundamental antenna 
type which, when segmented into very small unit 
lengths, is often used to define the current distribu
tion and related electrical characteristics along the 
entire length of other linear antennas. 

When a half-wave dipole is suspended in free 
space such that no external factors infringe upon its 
ability to radiate freely, the field pattern appears as 
shown in Figure 2a and Figure 2b. It is difficult to do 
justice to the actual appearance of the pattern on the 
simplistic two dimensional view offered by the page 
on which it is drawn. However, a mental three
dimensional image might be described as a doughnut 
with a hole no larger than the diameter of the dipole 
element at the center. The items are oriented such 
that the dipole has been thrust into the hole in a 
manner allowing the doughnut to spin on the dipole 
element with the dipole element parallel to the sur
face of the Earth. 

7 7777777777777 
Figure 2a- Field strength pattern of half-wave dipole as viewed 

perpendicular to the axis of the dipole 
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Figure 2b- Field strength pattern of half-wave dipole as viewed 
parallel to the axis of the dipole 

The horizontal half-wave dipole transmits and is 
most sensitive to the reception of horizontally polar
ized waves (Figure 3). 

,.---- ...... -- .., ' I ,, 
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Figure 3 - Horizontally polarized waves emitted or received by a 
horizontal half-wave dipole 

fhe vertical Half-Wave Dipole 

Rot?ting the horizontal half-wave dipole so that 
the elements are perpendicular to the Earth's surface 
creates a vertical half-wave dipole. The pattern cre
ated precisely duplicates that shown in Figures 2a 
and 2b except, of course, the doughnut is now parallel 
rather that perpendicular to the Earth's surface. 

It follows that the vertical version transmits and 
is most sensitive to the reception of vertically polar
ized waves. 

The Vertical Quarter Waye Whip (Monopole) 

A more practical variation of the vertically ori
ented dipole, the radiation pattern of the quarter
wave whip antenna is again very similar to its 
parent. There are, however, several significant 
differences which affect the performance. 

,---- ...... , 
/ ' 

---... ~ .... 
/ ' \ Quarter w-

Figure 4a - Field strength pattern of a quarter-wave monopole as 
viewed perpendicular to the axis of the dipole 

In order for the quarter-wave antenna to behave 
like its parent, the shorter counterpart must be 
closely associated with earth, whether natural or ar
tificial. The earth then acts as the missing quarter 
wavelength to again reconstruct a half-wave antenna 
with one significant difference; the image does not 
contribute to overall power and sensitivity for trans
mitting and receiving, respectively. Figures 4a and 
4b demonstrate the radiation pattern and Figure 5 
provides an image of the vertically polarized trans
mitted or received signal. 

Figure 4b - Field strength pattern of a quarter-wave monopole as 
viewed parallel to the axis of the monopole 
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Figure 5- Vertically polarized waves emitted or received by a 
vertical quarter-wave monopole 

The Long-Wire Antenna 

As the name implies, in its most primitive form, 
the long wire antenna can be made from any length 
conductor. There are some advantages if the length 
happens to correspond to a wavelength or some mul
tiple thereof, particularly if the multiple is odd, i. e., 
1, 3, 5, etc. Considering that the cable industry 
makes use of frequencies from 5 MHz to 600 MHz 
(wavelengths of 197 feet to 1.6 feet), the probability is 
high that, at some point in the system, this condition 
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will be satisfied for one or more operating frequen
cies. 

Consider a few of the long wire antenna trans
mitting possibilities which exist within real world 
aerial CATV construction. Figure 6 is a condensed 
segment of a situation which occud frequently in the 
typical plant. 

I'OWCR co. 

CATV 

CATV DISTRBJTION RISER 

I 
GROUND lllD I UNDERGROUND CABLE ,' 

Figure 6 - Typical CATV construction with non-exclusive pole 
use 

The lashed feeder/strand combination, the house 
drops, the grounding. wire and the down guy each 
aerve as examples of individual long wire antennas. 
Adaptations are easily constructed: The down guy, 
in reality, is a grounded inclined antenna, the lashed 
feeder/strand in combination with any one of the 
house drop wires can form a "V" antenna, as can 
any two house drops or the strand/grounding wire 
pair, so long as each combination contains a common 
angle. 

Each segment deals with propagated currents in 
a different manner and the radiation effectiven~ss in 
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any particular instance is totally dependent upon the 
configuration. Giving no regard to the conductor 
lengths and other factors such as included angles, 
etc., general radiation patterns for each segment type 
are provided in Figures 7a, 7b, 7c and 7d. 

Figure 7a- Radiation pattern of an untenninated long-wire 
antenna 
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Figure 7b - Radiation pattern for a grounded inclined antenna 

Figure 7c- Radiation pattern for an unterminated "V" antenna 



Figure 7d - Radiation pattern for extended length, unterminated 
long wire antenna 

Figure 7a shows the radiation pattern of the 
fundamental element of the series, the simple 
straight wire which, if oriented horizontally, pro
duces horizontally polarized wave propagation and if 
arranged vertically, produces vertically polarized 
waves. 

A slight variation is considered in 7b which 
makes use of the Earth to create an image of the 
above ground inclined antenna. The geometrical 
summation of the field strength values individually 
occurring on each incline causes the resultant pat
tern drawn to the side. 

Much the same response is achieved with the 
"V" antenna configuration (Figure 7c), except that 
the emitted energy is higher when compared to the 
incline due to the reality of both elements construct
ing the "V." In all cases, extending the length of the 
radiating element will cause the main lobe to narrow 
and more tightly hug the radiating element as well 
as cause a larger number of narrower sidelobes as 
shown in Figure 7d. Keep in mind that drawings 
provided are simple, two dimensional views. Under 
ideal conditions, when sighting along the axis of the 
radiating element, the lobes form a symmetrically 
conical pattern. 

Even though it has been mentioned earlier, it is 
also important that antennas unintentionally assem
bled as a result of normal plant construction prac
tices propagate both horizontally and vertically polar
ized wavefronts. The dominant polarity is deter
mined primarily by the physical angular rotation of 
the radiating element(s) about an axis parallel to a 
surface which appears as an infinitely conducting 
earth. This may take the form of Earth itself or any 
surface in any plane which is sufficiently reflective to 
act as a ground plane, i. e. some buildings, vehicles, 
etc. The difficulty to predict the magnitude or the po
larization of the field pattern at any given frequency 
increases with normal field disturbance obstacles. 

DISTIJRBANCES TO NORMAL RADIATION 
PATfEBNS 

There are many causes of disturbance to the 
normal radiation patterns of intentional and unin
tentional antennas. Perhaps the most dominant ef
fect is that caused by the position of the conductors 

with respect to the earth and with large conductive 
structures (buildings, vehicles and the like). In 
addition to antenna configurations, Figure 6 also il
lustrates that typical cable plant is normally in close 
proximity to other conductors that are either virtually 
coupled (no direct electrical connection) as in the case 
of primary and secondary power lines or directly 
connected as power and telephone neutrals 

The Effect of Earth and Equiyalent Infinite Ground 
Planes 

For those antennas which require grounding, 
i.e., vertical monopoles and inclined antenna, the ef
fects of the Earth or other suitable ground plane is 
essential for proper operation and have already been 
discussed. Recall that the free space pattern of a 
half-wave, horizontal dipole was described as a 
doughnut, completely surrounding the element in a 
vertical plane (if given a push, the doughnut would 
roll down a street and the dipole element would be
come the axle). Figure 8 examines the effects of the 
Earth on the ideal doughnut, assuming the Earth is a 
perfect conductor. 

Figure Sa defines the ground plane as earth but could 
be equally effective in any plane while "d" defines the 
distance the dipole element rests from the surface. 
Tracing through the various distances (Figure 8b -
8e), it becomes apparent that as the distance (d) 
increases, the number of lobes surrounding the 
dipole element increases thus dividing the available 
power equally among them and reducing the overall 

PERFECTLY REFLECTING EARTH 
(A) 

&M!A\'to 
d = WAVELENGTH + 10 d • WAVELENGTH + 4 

(I) (C) 

Figures 8 a-e - Ground plane effect on half-wave horizontal 
dipole pattern 
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field strength in any given direction. As the distance 
(d) eventually reaches about 10 wavelengths, the free 
space value is reached. 

Results of measurements made with a horizon
tal dipole are, in varying degrees, subject to the ef
fects pointed out in this section. In most cases, the 
dipole is held at a position three meters 
(approximately 10 feet) from the ground while mea
suring normal distribution plant. At 108 MHz, 10 feet 
is 0.91 wavelengths which would very nearly dupli
cate the condition in Figure 8e. Given a perfect 
ground plane, the nulls shown do reach zero albeit 
they are very, very sharp allowing the field strength 
to increase quite rapidly when moving from them. At 
the peak of a lobe maxima, the field strength is actu
ally double that of the dipole in free space. 

In geographical areas where the Earth's con
ductivity is high, i. e., boggy coastal plains and over 
water, large excursions in signal level readings may 
occur. At the opposite end of the spectrum, mea
surements made in dry desert would tend to act 
much more as though the antennas were in free 
space. And then there are all the variations in be
tween. In all cases, the basic pattern remains essen
tially the same but suffers sensitivity reduction. 

The Effect of Parallel Conductors 

Those conductors which are bonded directly to the 
coaxial cable plant sheath circuit are treated as 
variations of the long line and "V" type antennas. 
Signals propagated onto adjacent conductors through 
mutual coupling act as either reflecting or directing 
elements of an ordinary antenna. 

Q__ CONDUCTOR 

~IELO IWTERN 

illtsl Conducton ,, ,.. 
(B) 

• 

• 

Dual CDIItlllt:ton 
Oul afl'fKI• 

(C) 

Figures 9 a-c - Extreme effects of phase related, parallel 
conductors 
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The extent to which the radiation patterns are affect
ed by these conductors in both cases depends entirely 
upon the phase relationship of the offending signal 
which must be computed on a case-by-case basis. 
Figures 9a, 9b and 9c show the extreme effects from 
any single parallel conductor. Doubling the field 
strength at a given monitoring location would 
represent the worst case. Signal cancellation would 
provide the best case, significantly reducing the field 
strength. 

The probability of either single conductor pair 
being completely in phase or out of phase is very low 
resulting in a practical effect which falls somewhere 
between the two extremes. Geometric summation of 
two individual field patterns will result in a compos
ite which is fairly broad nosed and therefore probably 
will not contribute to overall measurement inconsis
tency. However, when dealing with a larger number 
of parallel conductors, each with a slightly different 
phase, the summation at any point is nearly 
impossible to predict. The situation is further com
plicated if multiple transmitting points (leaks) are 
uncovered within close proximity. 

DIPOLE AND MQNOPQLE CORRElATION 

Logistically, it is more practical to use a whip 
antenna than a horizontal dipole when making 
measurements from a vehicle. But more impor
tantly, for electrical reasons which have been ex
plored in earlier paragraphs, the use of a quarter
wave monopole is desirable. 

The Ar~ments 

Review for a moment the field patterns of the two 
respective antenna types as they are used. Since the 
leakage monitoring task will be ground based, both 
antennas will be operated in fairly close proximity 
with earth. Indeed, if the procedures in CFR 
76.609(h) are followed, the maximum height achiev
able with a horizontal dipole is three meters (=10 feet) 
directly above the cable under test which is typically 
aix meters (=19 feet) from the Earth or nine meters(== 
30 feet) from the Earth. At that distance, the antenna 
is about three wavelengths above the earth, increas
ing the number of lobe maxima and minima shown 
in Figure 8e. True, the pattern peaks and valleys will 
probably be less intense than those shown depending 
upon the tangential loss associated with the Earth or 
ground plane recognized by the antenna at the point 
of measurement, thus reducing the overall error 
'POssibility. But the possibility does exist. 

In the case of the grounded vertical monopole, 
the ground plane, whether natural (Earth) or artifi
cial (vehicle), is an essential part of the electrical cir
cuit as opposed to a disturbance. The field pattern il
lustrated in Figure 4a is normal for this antenna 
while operating in close proximity to a ground plane. 



There are no perturbations to cause questionable 
measurement accuracy. 

Two valid variables must be contended with in 
order to further justify the feasibility for use of the 
quarter-wave antenna as a measurement tool. First, 
by its very nature, the grounded quarter-wave whip 
antenna has a power sensitivity which is one-half 
that of the half-wave dipole, thus creating a possible 
error of 3 dB. Second, the quarter-wave whip is far 
more sensitive to vertically polarized signals. 

The Cases 

Making a case for the last item first, it is abun
dantly clear from previous discussion that the vast 
majority of a cable television plant is built within an 
environment where the polarization of the uninten
tionally propagated signaling is at least unpre
dictable. Adding to the case, the highest signal levels 
are carried within these plant segments and there
fore represent the geographical areas of greatest un
certainty. Given these factual uncertainties, it is 
equally difficult to defend one method over the other 
therefore neutralizing the notion of unipolar signal 
leakage from the vast majority of a CATV plant. 

MODIFIED rURNSTH..£ 
AN'TENNA 

AN'TENNA FEED 
ARRANGEMENT" 

Figure 11 - Antenna test site 

~··o'" 

A reasonable evaluation of the difference in sen
sitivity between the two antenna types is still re
quired. Theoretically, the three decibel difference in 
power sensitivity is more than offset by an average 
measurement made with a half-wave dipole whose 
field pattern is undeniably distorted by the Earth or 
any other ground plane and perhaps a combination of 
both. 
To provide evidence that there is some degree of 
substance to this hypothesis, practical tests were 
conducted. 

The Test Site -
-~ 

1--

Figure 10- Modified turnstile antenna 

A transmitting antenna was constructed as shown in 
Figure 10. The purpose of the device is to produce a 
field pattern which closely approximates that of 
unintentional fields produced as a result of signal 
leakage within a cable television plant enviromnent. 

2'"'21/2" 
TYP. 

54'-o"' CABLE 
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As closely as is practical, the modified turnstile 
antenna models this environment in that it produces 
a field pattern which is nearly spherical. By 
delivering equal power to the orthogonal pair of 
horizontal dipoles and the stub-grounded vertical 
monopole, nearly equal power is produced in both the 
horizontal and vertical planes. 

The Measurements 

Conformation of this was discovered during 
field measurements on a site described in Figure 11. 
Having anchored the test transmitting antenna, a 
tuned, horizontally positioned half-wave dipole was 
rotated about a 30 foot perimeter, making incremen
tal measurements. 

Relative Horizontal Vertical 
Allele (0) Polarity (dB) Polarity <sill> 

0 3.4 3.0 
45 3.2 2.8 
00 3.5 3.0 

135 3.5 3.0 
1ro 3.5 3.0 
225 3.2 2.9 
270 3.5 3.0 
315 3.4 3.0 

Table 1 - Data recovered from Figure 11 site measurements 

The process was then repeated with the half-wave 
dipole in the vertical plane. Results of the 
measurements are provided in Table 1. 

Having qualified the transmitting source, one 
final set of measurements were made at the test site 
dhown in Figure 11. A field strength reading was 
made using a typical service vehicle alternately 
equipped with a magnetically mounted quarter-wave 
whip antenna and a directly mounted quarter-wave 
whip at a distance about 36 feet from the transmitting 
source. There was no noticeable difference between 
the two whips. To close the loop, the vehicle was re
moved from the field and a horizontal half-wave 
dipole substituted at the same height and rotated 
about a vertical axis for maximum pick-up. The 
measurements were within one decibel of those re
covered with the vertical quarter-wave monopoles. 

Theoretically, there should be a 3 dB difference 
between the two readings since the receiving 
.sensitivity of the quarter-wave antenna is one-half 
that of the half-wave dipole. As can be seen, data 
taken under previously described conditions does not 
confirm this theoretical difference. 
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CONCLUSIONS 

Given the architecture of typical aerially con
structed cable television systems, the polarization of 
propagated leakage signals is usually mixed. In ad
dition, the disturbance caused by the Earth and/or 
any other apparently infinite ground plane acting 
upon the field sensitivity pattern of a half-wave dipole 
affects the absolute magnitude of a perceived signal. 
Further complications arise for horizontal half-wave 
dipole measurements because seldom are ground 
planes perfect thus providing a loss which can vary 
from one day to the next, depending upon the 
weather. 

As a result, there appears to be substantial evi
dence to support the premise that leakage signal 
magnitude measurement uncertainty exists. This is 
particularly true when using a horizontally polarized 
half-wave dipole. Therefore, it is advantageous, both 
electrically and mechanically, to use the more pat
tern stable vertically oriented quarter-wave monopole 
for ground based measurements and it is shown that 
doing so will not significantly sacrifice intercepted 
signal accuracy. 
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COST FACTORS RELATIVE TO THE FIBEROPTIC 
BACKBONE SYSTEM 

Claude T. Baggett 

ATC Engineering & Technology 

(Note: This paper should be examined In 
conjunction with the other papers dealing the 
fiber backbone presented during the 1988 
NCTA Technical Sessions. Overall 
descriptions and technical details covered 
therein are not repeated In this work.) 

Abstract - This paper summarizes the costs involved 
in constructing a fiberoptic backbone trunk network in 
a typical suburban cable system. The assumptions 
and analytic process are included to allow the 
numbers to be translate into terms appropriate to the 
company of the reader. 

I. Introduction 

The purpose of this effort is to perform the cost 
analyses required to ascertain the economic viability of 
the fiber backbone venture in the context of typical 
suburban cable systems. Since this concept has not 
yet been deployed in an actual operating system, 
hence lacking the certainties gained from practical 
experience, all known assumptions and background 
data impacting the models have been included. 

In this effort we have not attempted to include a 
benefits analysis with its associated discounted cash 
flow models since this paper is intended for a 
universal cable industry audience, and there is no 
universal agreement as to the value of certain cable 
enhancements. Rather we have shown the cost to 
install such a system as we propose, and subsum the 
system enhancements in terms of increased system 
overhead. How the cable operators utilize that 
advantage, whether in increased channel capacity, 
enhanced signal specifications, or greater system 
reach is a matt&r of personal choice. 

II. Assumptions 

In this analysis, we have attempted to qualify 
each entry in order to remove uncertainty factors from 
the results. The following list of assumptions represent 
the minimal number possible, considering the scope 
and state of readiness of the technology being 
examined. The assumptions fall into two major 
catagories: 
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o Pricing projections on hardware items 
which are either not yet available in production 
quantities, or those having rapidly changing or 
unstable price structures. 

o Operational issues relating to the system 
being modeled, such as number of channels carried, 
value of those channels, signal quality standards, 
specifications of some hardware items whichare not 
yet available in production form, and maintenance and 
customer service enhancements resulting from the 
backbone. 

Prjcjog Assymptjons 

1. The price used on aerial and underground fiber 
cable is based upon current quotes ATC has on 
file from qualified vendors. The price of fiber 
optic cable has a history of a downward trend as 
production yield and demand increases. It can 
be safely projected that fiber will be significantly 
cheaper by the time the backbone is 
implemented in exisiting divisions. Using 
today's pricing is a very conservative approach 
to this issue. 

Current quotes on fiberoptic cable run between 
6-1/2 and 7 cents per fiber foot, which includes 
the cost of sheath, strength member and internal 
structures, for cables with over a dozen fibers. 
The cost goes up slightly for cables with fewer 
fibers to recover the apportioned sheath costs. 

2. The conversion node is an AGC equipped feed
forward amplifier station with a fiber detector 
front end. We have assumed that early 
production units will be assembled in just that 
fashion. Therefore, the price of the conversion 
node has been derived by combining the costs 
for the amplifier, with the cost of a fully 
assembled detector package, with an additional 
factor added for vendor labor, overhead, and 
profit. As demand increases for this unit, a more 
cost effective solution will be the design of a 
custom card, incorporating the detector front 
end, the gain block, the 75 ohm interface, with 
associated power supplies, environmental 
housings, etc. We believe our approach to the 
price of this unit is very conservative, but 
benefits us by being highly quantifiable at this 



time. Together with some miscellaneous 
hardware and installation labor, the total unit 
cost comes to $2,180.00. In the conservative 
approach used to generate the financials for this 
paper, there is a one-to-one relationship 
between the number of laser assemblies at the 
hub and the number of conversion nodes. 

3. The launcher modules in the cable headend 
area are priced based on current quotes from 
qualified vendors. 

The Laser transmitters located in the hub are 
totally self-contained and require typical 
headend temperature control and 120v60Hz 
power. The units occupy about three inches of 
rack space and at present cost $4,000.00 each. 
In quantity, these units are expected to be 
reduced in price to about $2,500.00 each. 
However, for this analysis, we have assumed 
the current price. 

4. All construction costs are as currently quoted by 
ATC's construction division. ATC currently 
uses a cost of 50 cents per foot on route milage 
for construction costs for fiber cable. This is the 
cost to overlash the fiber cable onto existing 
plant. 

5. We are currently using an assumption of one to 
one routing. That is, one fiber eminates at the 
hub and travels to one conversion node. As can 
be noted from Figure 111-1, the average fiber 
trunk run for, say, the 4 amplifier cascade case, 
is 4.4 miles. The shortest trunk is 1.13 miles 
and the longest 8.99. With the power budgets 
available from today's lasers, we could route 
such as to hook in series two or more of the 
closer conversion nodes, perhaps those under 
3.0 miles distance from the hub, thus directly 
saving fiber and laser costs. This kind of design 
is exactly what a cable operator would do when 
addressing a specific application. For the 
purposes of this analysis, we have assumed no 
finessing of this sort. However, based on the 
Pinehurst hub, we have estimated that perhaps 
a per sub savings of 15 to 20% might be 
realized with optimized routing. 

Operational Assumptions 

1. It is assumed that sufficient power budgets exist 
with the lasers driving the backbone trunks to 
deliver signals of appropriate specifications to 
the conversion node after having traversed 15 
Kilometers of passive single mode fiber. 

2. It is assumed that the laser/detector pair 
selected will be capable of transmitting 75 VSB
AM video channels with signal specifications at 

the back of the detector in the conversion node 
of: 

C/N 

2nd Order 
CTB 
lntermod 

55dB 
-65dB 
-65dB 
-65dB 

3. It is assumed that the lasers will be located in an 
environmentally controlled area with protected 
and conditioned power, such as a cable 
headend, and that the conversion node will 
meet all of the same specifications for 
environment, lightning surges, power 
fluctuations, etc., as currently met by typical 
active coaxial plant equipment. 

Ill. The Analytic Process 

When attempting to qualify technically and 
financially a new system element, there are two basic 
approaches to modeling, neither of which are perfect. 
The first approach selects portions of actual existing 
and operating cable plants and injects the new item 
into that environment and examines th' results. This 
approach has the advantage that considerable high
confidence data is available on the existing system. 
The downside risk, is that there may be unobvious 
factors in that system selected which make it unlike 
most other systems, therefore limiting the general 
applicability of the model. 

The second technique is to build on paper a 
generic cable system which incorporates all design 
elements typically found in operating divisions. The 
advantage to this approach is that the base model is 
completely controllable by the analysis team, and all 
system factors impacting the outcome can be easily 
included. The problem with this approach, is that there 
is no way of qualifying the generic model against the 
real world, since no such system exists. This also 
means that the results may have limited applicability 
against actual systems. 

In general,experience has taught us that 
technique one is far superior when attempting to 
develop numbers on a new and singular system item, 
and that technique two may be better when doing 
comparisons between two or more items having the 
same functionality. Since in this effort, we are trying to 
determine the financial viability of a new, singular 
architectual element for cable systems, the first method 
appears to be more appropriate. It was the sense of 
the team assembled to assist in this effort that the 
model should be derived from actual ATC plant. 

For the purposes of this analysis we have 
chosen a portion of the Orlando, Florida cable system 
as being representative of typical suburban plant. 
Specifically, we have chosen to convert the entire 
Pinehurst node to the backbone architecture. This hub 
is currently fed via AML microwave and delivers 36 
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channels of video over 375 miles of 270 MHz plant. 
There are a total of 1 0,000 subscribers served by this 
distribution node. 

AMPLIFIERS IN NO. OF CONV. NO. OF AMPS TOTAL FIBER FIBER TRUNK 
CASCADE NODES REQ'D. REMOVED FOOTAGE REO'D ROUTE MILES 

2 

3 

4 

61 

41 

29 

135 

102 

69 

1,309,250 

922,000 

679 000 

FIGURE 111-1. System Model Summary 

44 

45 

51 

Table 111-1. summarizes the important factors 
relating to the system model, indexed according to our 
assumptions of 2,3, or 4 amplifiers in cascade beyond 
the optical conversion node. Please note the following 
items relative to that table. The number of amplifiers 
removed includes those trunk units bypassed by the 
fiber, plus the station replaced by the conversion node 
itself. Also, the fiber footage numbers refer to the total 
lineal feet of fiber required. There may be up to 24 
fibers in a single sheath when it leaves the headend. 
The number of fibers per sheath will be optimized 
according to the design. 

Figures 111-2,3, and 4 show the node locations 
and fiber routing for the three cascade instances 
mentioned above. 

FIGURE 111-2. Node Location and Fiber Routing for 
Two Amplifiers in Cascade 
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FIGURE 111-3. Node Location and Fiber Routing for 
Three Amplifiers in Cascade 

FIGURE 111-4. Node Location and Fiber Routing for 
Four Amplifiers in Cascade 



COST ITEM cos PER UNI N2u~~~R c~~c~~~s TO AL COS "au~~~" c~s.,UA'g~s TOTAL COS H:~~~R C~~CUA'::~S TOTAL COS 
2 AMP CASCADE 3 AMP CASCADE 4 AMP CASCADE 

HEADEND COSTS 
LASER XMITTERS 4,000.00 
IISC. HARDWARE Included 
LABOR Included 

TOTAL PER TRUNK 4,000.00 61 244,000.00 41 164,000.00 29 116,000.00 

CONVERSION NODES 
STAnON COST 2.000.00 
IISC. HARDWARE 30.00 
LABOR 160.00 

TOTAL NODE 2,160.00 61 132,e60.00 41 69,380.00 29 63.220.00 

ABER TRUNKING 
CABLE COST .07nbor lool 1,309,250 Sl1,847.50 922,000 63,540.00 679,000 47,530.00 
IISC. HARDWARE Included 
CONST. LABOR .5G'route loot 230,736 115,368.00 239,184 119,592.00 269,752 134,378.00 

OTAL CO~T 583,995.50 436,512.00 361,128.00 

COST/FIBER NODE 9.573.70 10,646.63 12,458.62 

COST/TRUNK MILE 13,363.74 9.636.03 7,094.81 

COST/SUBSCRIBER suo 43.85 36.11 

FIGURE IV-1. Fiberoptic Backbone Cost Summary 

IV. SUMMARY OF RESULTS 

Figure IV-1 summarizes the costs for the fiber 
backbone for each of the three cases, 2,3, and 4 
amplifiers in cascade beyond the conversion node. 

This does not include the cost of rearranging the 
coaxial plant beyond the conversion node, nor 
wrecking out the replaced trunk, if desired. The 
distribution rearrangement depends on the decision of 
the cable operator as to how the gained system 
overhead is utilized and is not a function of this 
exercise. It is our feeling that wrecking out the 
replaced trunk is not useful, since the bypassed trunk 
may be utilized for other purposes or as backup to the 
fiber. Also, wrecking out the trunk adds needless 
expense to the project. 

Once again, it must be noted that the costs in 
each instance represents a worse case number. Our 
understanding, based on this admittedly small, but 
very typical, sample, indicates that the costs can be 
reduced by 15 to 20% by using optimum routing and 
daisy-chaining conversion nodes on those fiber runs of 
less than 3 miles. The bottom line is that in the four 
amplifier cascade instance, it appears that the per 
subscriber cost will be closer to $30.00 than the 
indicated $36.11. 

V. CONCLUSIONS 

In conclusion, the value of this kind of plant 
upgrade cannot be ascertained in a global fashion, but 
each operator must assess its value on a case by case 
basis. Some value must be assigned to the increased 
system overhead in order to examine the benefits 
through the usual discounted cash flow and internal 
rate of return models. 

From the ATC standpoint, we are reasonably 
convinced that the $30.00 approximate investment 
required to add this capability to our systems is well 

justified when considering t.he r~sults. ATC w!ll 
expend the gained overhead m a different manner m 
each of its systems, based on need. However, a factor 
we are well advised to keep in mind is the need to 
provide increased signal quality to the subscriber 
home. This is to address three cable industry 
problems, one long standing, the other two not yet 
having reached reality. 

o A long term need to enhance signal 
quality in order to increase our penetration numbers 
and to reduce churn. 

o Some uncertainty regarding the quality of 
signal required to accomodate HDTV, when it arrives 
in full force in the next few years. 

o The need to enhance quality in order to 
be in a more competetive position should our 
competition continue with their plans to run high
quality digital video into the home of the future. 

It is not anticipated that these three factors will 
require all of the gained overhead, but should be 
figured into the equation by any prudent operator. 

Finally, there are many within ATC who believe 
that fiber will certainly become a franchising issue in 
the next few years, and an unwillingness or lack of 
history in using fiber in this manner will put the system 
operator in a disadvantaged position. 

So what kind of an investment are we 
anticipating if the whole cable industry should decide 
to adopt the fiber backbone into all systems. With 
approximately 712,000 miles of plant in the United 
States serving some 38,800,000 subscribers, and 
using the 4 amplifier cascade option as the most cost 
effective, a total investment of just under $1.2 Billion is 
indicated, based on the $30.00 per subscriber number. 
This represents the installation of just over 100,000 
route miles of fiber trunking, with a varying number of 
fibers per trunk, as required. 
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This task has primarily resided in the 
Engineering and Technology Department at the ATC 
Corporate offices. It consists of an approximate three 
month effort beginning in January, 1988. The list of 
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contributors in Engineering and Technology include, 
alphabetically, Claude Baggett, Jim Chiddix, Mavis 
Dooley, Barb Lukens, Dave Pangrac, Perry Rogan, 
George Salvador, Raleigh Stelle, and Jay Vaughan. 



FIBER BACKBONE: A PROPOSAL FOR AN EVOLUTIONARY 
CATV NETWORK ARCHITECTURE 

James A. Chiddix, David M. Pangrac 

American Television and Communications Corporation 
Englewood, Colorado 

Abstract -A hybrid optical fiber/coaxial cable CATV 
system architecture Is described. The architecture Is 
Intended to be an evolutionary one, building on 
existing coaxial CATV networks. A variety of 
approaches to the electro-optical equipment needed 
to realize such a system are described. Both short 
term operating benefits and longer term strategic 
advantages to the approach are explored and the 
conclusion Is dr.awn that the approach meets both 
technical and economic needs of the CATV Industry. 

INTRODUCTION 

The transmission of information on optical fibers 
has become commonplace in many areas of 
telecommunications. The medium's great bandwidth, 
ruggedness, exceedingly low loss, and light weight 
make it a worthy candidate for use in any high capacity 
physical transmission system. The CATV industry has 
been relatively slow to adopt optical fiber as a major 
element of its networks. This arises in part because 
coaxial cable has suited CATV's needs relatively well, 
and because CATV's basic task of delivering scores of 
video signals has posed some difficult economic and 
technical challenges for fiber technology. 
Nevertheless, fiber optic transmission Offers the 
promise of significant benefit to the CATV industry, and 
it is important that we explore this potential. 

FIBER OPTIC SUPER-TRUNKS 

Super-trunks are used in the CATV industry for 
point-to-point delivery of video signals. This is often 
necessary in large CATV systems to provide high 
quality signals to major processing points feeding 
broadband signals to traditional CATV networks. In 
the past, super-trunks were often constructed using 
coaxial cable. A common practice was to frequency 
modulate (FM) video signals at a variety of RF 
frequencies for carriage on such a trunk in order to 
minimize the effects of noise and intermodulation 
distortion on those signals from the broadband 
amplifiers necessary to compensate for coaxial cable 
losses. An alternative was often microwave 
distribution. Other applications for super-trunks are the 
delivery of video signals from remote earth station 
locations or between CATV systems sharing common 
signal sources for local advertising insertion. 

In recent years, a number of optical fiber super
trunks have been built by the CATV industry 1.2. 
These super-trunks generally use frequency 
modulated video and frequency division multiplexing 
(FM/FDM) of a number of signals onto a laser feeding 
a single fiber and have proven cost competitive with 
other techniques. They are also highly reliable, 
provide very little signal degradation, and have been 
shown to be capable of providing transmission for 
more than twenty miles without the need for repeaters. 
Figure 1 shows data on a number of typical fiber optic 
super-trunk installations in use today. 

The use of optical fiber video transmission 
technology in super-trunks has opened the door to the 
possibility of further uses. It has d"emystified the 
technology for CATV engineers and has provided 
practical experience with the design, construction, and 
operation of fiber systems. It is natural that the CATV 
industry should look for additional applications where 
fiber optics may be of use. 

LIMITATIONS OF CURRENT CATV SYSTEMS 

In order to understand ways in which fiber may 
be useful in CATV, it is important to focus on the 
limitations of present system architecture. Figure 2 
illustrates the kind of "tree and branch" architecture 
used in current coaxial CATV systems. All of the 
signals which are to be delivered to subscribers are 
gathered at a central "headend". Typical sources are 
satellite earth stations, off-air antennae, videotape 
playback facilities, and super-trunks providing delivery 
of signals from remote locations. At the headend the 
various video sources are vestigial sideband 
amplitude modulated (AM-VSB) at various 
frequencies, are combined into a single broadband 
signal, and are transmitted over a single coaxial cable. 
This coaxial cable undergoes repeated branching until 
it passes down each street in the community. 
Broadband amplifiers are required every one to two 
thousand feet in order to overcome cable and 
branching losses. 

This architecture is quite straightforward and 
practical and is the historical basis of the CATV 
industry. Nevertheless, it has a number of inherent 
problems and limitations. Fundamental to many of 
those problems is the fact that a number of brandband 
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FIG. 1 

Max. 

~ Company #channel Path Miles 

Indianapolis, IN ATC 8 7.5 

Rockville, MD Hauser 33 12 

Louisville, KY Storer 24 11.9 

Honolulu, HI ATC 32 14 

Toledo, OH Buckeye 30 8.5 

Flushing, NY Warner 60 4.5 

Van Nuys, CA United 60 9.7 

Woodside, NY ATC 12 8 

Manhattan, NY Paragon 10 6 

St. Petersburg, FL Paragon 54 12 

Cleveland, OH Ohio Bell 60 9.5 

SOME CURRENT FIBER SUPER-TRUNK INSTALLATIONS 

FIG. 2 TYPICAL CATV SYSTEM 

- Coaxial Cable 
._........ Broadband All'1llifiars 

amplifiers are required to operate in series, or 
cascade, in order to transport signals to system 
extremities. Each of these amplifiers contains active 
components and must be provided with power, both 
providing limits to the reliability which can be attained. 
In addition, each amplifier adds noise and 
intermodulation distortions to the signals passing 
through it. The addition of these phenomena over long 
cascades of amplifiers gives rise to systems which 
have real limitations in the achievable reliability and 
quality of the service delivered to subscribers. 

Another effect of tree-and-branch systems with 
long amplifier cascades is on system operating 
tolerances. In order to realize design specifications, 
each amplifier in such a system must be adjusted to 
provide very flat gain over a wide range of frequencies, 
and must provide rather precise signal output levels. 
Such close operating tolerances require frequent 
alignment by highly trained technicians. 

Another obstacle arising from this system 
architecture is a practical limitation on channel 
capacity. The types of coaxial cables used in CATV 
systems have a relatively wide potential bandwidth, 
perhaps approaching IGHz. Such cables have, in fact, 
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c:::::J Fiber Node Area 
-coaxial Cable 
----- Fber Optics 
-&- Node Conversion Electronics 
.........._. Broadband Anl:ltifiera 

FIG. 3 HYBRID FIBER OPTIC BACKBONE/COAXIAL DISTRIBUTION SYSTEM 

been used for many years in small MATV systems to 
carry UHF channels, often at frequencies above 700 
MHz. Typical cable systems operate with the highest 
frequency of only 300 to 400 MHz, however, with a few 
recent systems operating to 550 MHz. The difficulty in 
realizing the potential bandwidth of coaxial cable 
arises with the limitations of the broadband amplifiers 
themselves, particularly when those amplifiers are 
operated in cascade. It is expected that it will be 
difficult to push channel capacity dramatically further 
than today's numbers as long as CATV systems 
employ long cascades of amplifiers. 

If there is a pressing problem with today's CATV 
systems which might be addressed through the 
application of fiber optics, it is that posed by long 
cascades of broadband amplifiers in coaxial tree-and
branch structures. One constraint which must be 
recognized, however, is that of embedded investment. 
Most communities have been wired for CATV, and the 
enormous investment this represents is not one which 
can be causally discarded with the arrival of new 
technology. Thus, it seems logical that we should 
search for ways to apply new technology to a hybrid 
fiber/coaxial system which makes use of at least some 
existing plant structures, but which focuses the use of 
fiber technology on relieving the most serious 
weaknesses of today's systems. 

THE FIBER BACKBONE 

In view of the shortcomings of today's CATV 
system architecture, and the practical constraints on 
outright network replacement, we have developed an 
evolutionary concept for the intergration of the fiber 
into our systems. We have termed this approach "fiber 
backbone". The approach is illustrated in Figure 3, 
and essentially consists of overlashing some 
percentage of the existing trunk system with optical 
fiber cables. Thus, a direct optical fiber path is 
established from the headend to "nodes", a number of 
feed-points in the CATV distribution system. From that 
point on, the existing coaxial plant is utilized, with 
some amplifiers being reversed in direction and some 
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FIG. 4 MINIMUM LINK SPECIFICATIONS 
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spans of trunk cable between node areas being 
abandoned. The effect of this is to break up the CATV 
system into a number of very short systems. The 
length of those systems can be described by the 
maximum trunk amplifier cascade which will be 
allowed. At one extreme, fiber could be taken to each 
existing bridger amplifier location and the resulting 
coaxial system would consist only of distribution cable 
and line extenders. At the other extreme, a maximum 
trunk amplifier cascade of eight or ten might be 
defined, breaking a typical cable system into a few 
node areas. To illustrate, if present power supply 
locations were used as fiber node feed points, the 
maximum trunk amplifier cascade would be 2, with a 
maximum of 3 or 4, and the average node would serve 
several hundred subscribers. 

The selection of the maximum trunk amplifier 
cascade is constrained by trade-offs between the cost 
of the fiber backbone with its associated electronics, 
and the benefits to be gained by the degree of 
shortening amplifier cascade and coaxial plant. 
Regardless of node area size, however, the effect of 
this approach is to break the existing tree-and-branch 
coaxial plant into many small tree-and-branch 
systems, with each fiber node feeding anywhere from 
a few homes to a few thousand homes. 

ELECTRO-OPTICAL COMPONENTS OF A FIBER BACKBONE 
SYSTEM 

In examining implementation of a fiber 
backbone system, the least problem is provided by the 
installation of the fiber cables. Single mode fiber has 
become relatively inexpensive in recent years, and is 
available in a variety of cabled packages, containing 
from 1 up to 144 fibers in a physically rugged cable 
1/2" or less in diameter. "Field-enterable" cable 
packages have been developed which allow the 
extraction and splicing of one or a few fibers from a 
multi-fiber bundle within a cable without the need to 
splice the other fibers. This type of cable would be 
particularly helpful in routing a single fiber to each 
node location in the fiber backbone approach. 

BROADBANO r-----... RF 
~! 50~330 MHZ CJ ~:----./~186-')E"'"R -i---JDETECTOR -j;>--

t : 
BROADBAND 

RF 

50· 330 MHz 

HEADEND FIBER NODE 

FIG. 5 DIRECT MODULATION OF BROADBAND SPECTRUM 

CATV 
COAXIAL 
PLANT 

The more challenging part of fiber backbone 
system implementation lies with the electro-optical 
components. These consist first of a laser diode 
transmitter feeding each fiber (or split to feed several 
fibers) leaving the headend. At each node location, an 
environmentally rugged optical receiver must be 
installed, capable of converting optical signals back to 
a broadband RF spectrum suitable for coaxial 
distribution. The optical link must be relatively 
transparent to the CATV signals if the advantages of 
the fiber backbone approach are to be realized. For 
the sake of investigation, we have postulated minimum 
performance specifications for such a link. They are 
illustrated in Figure 4. 

While better performance might be desirable, an 
optical transport system meeting such specifications 
would enable a CATV operator to construct a useful 
fiber backbone. While there exists today no 
economically feasible off-the-shelf equipment meeting 
these requirements, there are a variety of design 
approaches which have potential to provide the 
desired result. 

Figure 5 illustrates the simplest possible 
approach to the problem. In such a system, the laser 
transmitter would be directly modulated with the entire 
CATV spectrum, complete with video channels, 
scrambling (if present), FM radio services, and pilot 
and data carriers. The output of the detector would be 
this same broadband spectrum, ready for amplification 
and delivery to the coaxial portion of the plant. While 
highly attractive because of its simplicity, this approach 
is also relatively challenging because of the linearity 
and noise requirements established by necessary 
system specifications. A laser capable of meeting 
these requirements might need a Relative Intensity 
Noise (RIN) specification approaching -160 dB/Hz and 
a 3rd order intercept of +38 dBm or better. These are 
ambitious performance levels in today's off-the-shelf 
devices. Nevertheless, laboratory measurements of 
systems using selected lasers approach the system 
requirements closely enough to be encouraging. Far 
greater emphasis to date has been placed on digital 
than on analog performance by the electro-optical 
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FIG. 7 DIRECT MODULATION USING MULTIPLE LASERS 

AND MUL TlPLE FIBERS 

component industry because of telecommunication 
industry needs. It appears that there is room to revisit 
device optimization with new applications in mind. 

Figure 6 illustrates a variation of the direct 
modulation approach, with the input RF spectrum 
being mixed to a higher frequency to take advantage 
of potentially better laser performance in the 1 to 2 
GHz range, as well as avoiding second order 
intermodulation products by keeping all carriers within 
a single octave. A corresponding down-conversion 
would be required at the receiving end. 

Figure 7 shows a variation of the direct 
modulation scheme with several lasers, each 
modulated with a segment of the total RF spectrum. 
This should improve performance and require less 
expensive, more readily available lasers. This 
approach has been demonstrated in the laboratory, 
but the investment in additional fibers provides 
significant system cost penalties. 

Figure 8 shows the same approach, again using 
multiple lasers, but combining their optical outputs 
onto a single fiber. This approach has two constraints. 
The first is the additional link loss created by the 
passive combining device. The second is the 
necessity of insuring that the optical wavelengths of 
the lasers are sufficiently separated so that frequency 
beats are not present in the RF spectrum of interest. At 
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FIG. 8 DIRECT MODULATION USING MULTIPLE LASERS, 
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the operating node receiver, a single detector 
responds to the sum of the intensity variations in the 
received light. It thus effectively recombines the 
various segments of spectrum back into a continuous 
one. One advantage of this approach is the possibility 
of using a star coupler for the combining of the laser 
outputs. This would provide multiple outputs which 
could feed fibers going to multiple nodes. 

Figure 9 shows the FM/FDM system of the type 
used in today's fiber optic super-trunks. Such a 
system is capable of very high quality video 
transmission and, were the node equipment 
sufficiently compact, inexpensive, and environmentally 
rugged, could be applied to a fiber backbone 
application. To be economically interesting, however, 
such a system would have to cost no more than $100 
to $200 per channel at the receive end (because of the 
large power budget available with FM, a single laser 
could feed a number of nodes through splitting at the 
headend, and a single bank of modulators could drive 
a unlimited number of laser transmitters). It is possible 
that this goal is achievable through large scale 
intergration (LSI) of demoduator and modulator 
circuitry. A high level of reliability and stability would 
also be operationally important for node link 
electronics using this approach. The system would 
also need to accomodate video signal scrambling. 
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Figure 10 shows a digital pulse-code 
modulation, time division multiplexed (PCM/TDM) 
system for delivery of video to fiber backbone nodes. 
Several manufacturers have demonstrated the 
practicality of coding and compressing full motion 
video to a DS-3 (45 Mb/s) channel. It is conceivable 
that 36 such channels could be time division 
multiplexed onto a single 1. 7 giga-bit/sec (Gb/s) data 
stream and transported using optical systems which 
are commercially available for telecommunications 
applications. This approach may become practical in 
the future, but would provide severe economic 
challenges today. 

Figure 11 shows a highly speculative digital 
solution to this problem; one which is not workable 
today. In such a system, the entire CATV RF spectrum 
would be directly converted to digital form through 
sampling at a frequency some multiple of the highest 
RF frequency of interest. The sampling rate would 
certainly be in the 1 GHz-plus range. The resulting 
exceedingly high bit-rate data stream would then be 
applied to a single laser. A corresponding decoding 
process at the receive end would yield the broadband 
CATV spectrum as an output. While the electronics to 
do such high speed encoding and decoding are not 
available, it is possible that high speed gallium
arsenide chip technologies may offer this capability in 
the future. Laboratory work is under way at Bell Labs 
and in Japan on optical links in the 7-10 Gb/s range. 
Such links would be required to transport these 

signals. There may be variations on this approach 
which could make digital transmission a practical 
mode for transporting signals to fiber backbone nodes 
with relatively simple reconversion to broadband RF. 
Systems implemented today with oth~r types of 
terminal electronics could easily take advantage of 
such developments without the need for costly 
replacement of the fiber itself. 

OPERATING ADVANTAGES 

There are a number of direct operating 
advantages to be derived from a hybrid fiber 
backbone/coaxial tree-and-branch delivery system 
architecture. They can all be viewed as direct 
outgrowths of two facts. First, the worst-case length of 
the coaxial portion of such a distribution system would 
be dramatically shortened, eliminating the majority of 
the amplifiers as well as power supplies, connectors, 
and directional couplers to be found in the signal path 
between the head end and any given subscriber. The 
second is the fact that each small area of the 
community served by a node would be delivered 
signals via a dedicated connection to the headend, 
with the capability of delivering a separate mix of 
signals to each node area, rather than having to 
broadcast all signals to the entire system, as in 
traditional CATV architecture. 

Reliability 

Under the fiber backbone scenario, there would 
be essentially the same number of active components 
in the distribution network as in a traditional CATV 
system. It is likely that some trunk transportation 
amplifiers (without distribution bridging circuitry) could 
be discarded from the system completely. On the other 
hand, while it is foreseen that most node locations 
would replace a trunk amplifier, there would be the 
addition of optical transmitters at the headend. Thus, 
the number of components which could fail is not likely 
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to change dramatically. On the other hand, from the 
standpoint of each subscriber, the network would be 
substantially more reliable because there would be far 
fewer active and passive network components 
between the subscriber and the headend. Thus, the 
impact of any given equipment outage would be 
substantially reduced in terms of the number of 
subscribers affected. This should give rise to the 
perception on the part of cable subscribers that the 
network had become substantially more reliable. 
While this is a highly desirable end in itself, it also 
gives rise to the effect that massive system outages, 
with their tendency to overload the resources of a 
cable operation, should become less common. 

Signal Quality 

Most of the degradation of signals in current 
CATV systems is the effect of cumulative noise and 
intermodulation contributions from broadband 
amplifiers in cascade. Significant reduction of the 
number of active components in cascade would 
certainly yield quality benefits, assuming that the 
optical link portion of the hybrid system was relatively 
transparent by comparison with the broadband coaxial 
amplifiers. Since the majority of the intermodulation 
contribution to degradation occurs, however, in the 
feeder portion of the system, there would be limitations 
to the degree of improvement unless and until the 
coaxial portion of the system underwent some degree 
of redesign. Nevertheless, overlay of the backbone, by 
itself, would provide some immediate quality 
improvement stemming directly from the reduction in 
amplifier cascade. Full quality benefits would be 
harvested when system design was rethought, with 
reoptimization of the balance between noise, 
intermodulation, and channel loading. 

Operating Tolerances 

Current trunk amplifier cascades can be as high 
as 30, 40 or even 50 amplifiers. Such systems 
necessarily must be operated within very tight 
operating level and response flatness tolerances if 
design specifications are to be realized. Maintenance 
of these specifications is a significant operating 
challenge, requiring the attention of highly trained 
technicians. A dramatic reduction in maximum 
amplifier cascade through construction of a fiber 
backbone should result in the opportunity to operate 
the system within wider tolerances, offering some 
degree of cost savings and operational simplification. 
This is based on the assumption of very stable and 
reliable operation of the optical link portions of the 
system. It must be recognized that such a loosening of 
tolerances is only one way to "spend" the 
improvements arising from the construction of a fiber 
optic backbone and must be balanced with allocations 
resulting in improved signal quality or increased 
channel capacity. 
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Channel Capacity 

As previously discussed, the potential 
bandwidth of the coaxial cable in use in today's CATV 
systems (including many of the cables installed over 
the last 10 to 15 years) is significantly greater than we 
are currently able to use, given our present 
architecture. The move to a hybrid fiber 
backbone/coaxial distribution system would ease 
some of the current constraints on channel capacity. A 
small number of amplifiers in cascade and broader 
system tolerances should make it possible to 
significantly push channel capacity with relative 
economy. In addition to the construction of the 
backbone itself, it is assumed that most or all of the 
active and passive elements of the coaxial portion of 
the system would be replaced, except for the coaxial 
cable itself. A new system design would take 
advantage of the short cascade, and would seek the 
optimum balance between channel capacity and 
signal quality. Indeed, preliminary design studies (to 
be presented in a companion paper) indicate that a 
current 270 MHz system (30 channels) could be 
upgraded to 550 MHz (80 channels) through the 
construction of a fiber backbone allowing no more than 
4 trunk amplifiers in cascade, and by fully replacing all 
active components with high performance wide
bandwidth amplifiers. All passive components 
(couplers, taps, etc.) would also be replaced, but the 
enormous investment in coaxial cable and its 
construction would be reused. While this undertaking 
would still represent substantial capital investment, 
that cost would be some fraction of the cost of building 
a new 550 MHz plant. It is possible that with wider 
bandwidth CATV distribution amplifiers, the fiber 
backbone/coaxial hybrid approach may make it 
possible to upgrade existing systems even more 
aggressively, or to build new plant with truly 
spectacular channel capacity. 

The history of the CATV industry is a never
ending quest for more channels driven by new types 
and varieties of programming sources. There are 
indications that fiber backbone technology may 
provide a way to deal with the next phase of this 
challenge. 

Network Flexibility 

Because a hybrid fiber backbone/coaxial 
system would no longer automatically broadcast the 
same signals to every point in the community, there is 
an opportunity to rethink signal strategy. Different 
combinations of channels could be delivered to 
different areas to meet local community needs, or to 
target advertising. Clusters of hotels could be fed with 
entirely different channel line-ups than residential 
sections. Scrambling could be used in ohe 
neighborhood with plant security problems, a high rate 
of turnover, or a good market for pay-per-view, while 



unscrambled signals could be delivered and 
controlled using traps in other types of areas. Different 
types of scrambling could be used in different areas as 
new kinds of addressable set-top converters were 
phased in. System upgrade and maintenance work 
would be far less disruptive than today, and could be 
approached on a node-by-node basis. Ultimately, a 
hybrid system could provide a certain number of 
channels in each node area would be reserved for 
pay-on-demand signal delivery to an individual 
subscriber. This would require a degree of switching 
at the headend and addressable delivery at each 
home, but begins to be practical if the pay-on-demand 
business opportunity is real. This flexibility begins to 
shift our focus to the longer term advantages of a 
hybrid fiber/coaxial network. 

STRATEGIC BENEFITS 

In addition to the relatively immediate operating 
benefits cited above, there are a number of longer term 
strategic benefits which would accrue to a hybrid fiber 
backbone/coaxial distribution system architecture. 

Two-Way Services 

The CATV industry has yet to reach consensus 
on new businesses which make effective use of the 
two-way capabilities of CATV plant. Current systems 
are technically capable of providing some degree of 
return services, although because of noise-summing 
and the reliability constraints of today's architecture, 
there are significant challenges to maintaining such a 
system. In addition, there is a relatively small amount 
of return bandwidth available within most CATV 
system designs. 

To the extent that two-way services begin to 
provide genuine business opportunities, hybrid fiber 
backbone/coaxial architecture could provide 
significant advantages. The short cascade of the 
return plant and the relatively small number of 
branches being summed at each node point should 
yield a substantially more reliable and tolerant return 
signal path. In addition, because of the relatively large 
number of discrete node areas in a given network and 
the ability to reuse the same upstream frequency 
spectrum to return signals to each node, the effective 
return bandwidth of the overall network would be 
greatly increased. This is all based on the assumption 
that the same fiber providing downstream services to a 
node area could also be used for return signals, using 
wavelength division multiplexing (WDM) or other 
techniques allowing for transmission of signals in both 
directions on the same fiber. In our thinking about long 
term strategy, this potential to provide significantly 
more effective two-way services is a significant 
consideration. 

Commercial Services 

The CATV industry has been experimenting 
with a variety of commercial services in recent years. 

Most of these consist of providing data links for 
businesses. Should this prove to be a significant 
opportunity for the cable industry, the existence of a 
fiber backbone network could facilitate its expansion. 
The availability of single mode fiber at neighborhood 
"node" points throughout the community could provide 
a significant amount of capacity beyond that required 
for a residental coaxial distribution system. That 
capacity could relatively easily be applied to 
commercial types of services, either by extending fiber 
from node points to commercial customers, or utilizing 
short links of two-way coaxial plant for that purpose. 
There is also an opportunity to build in a degree of 
route-redundancy and switching between key nodes to 
provide the levels of reliability which commercial 
customers expect. 

Competition 

The CATV industry faces a broad variety of 
potentially competitive video delivery systems in 
coming years. These include direct broadcast 
satellites, multichannel MDS microwave, overbuild by 
other CATV operators, and video delivery via the kinds 
of switched fiber-to-the-home voice and video 
networks now being experimented with by telephone 
operating companies, as well as video ~pe and video 
disk sales and rentals. The keys to meeting such 
competitive challenges lie in providing excellent 
service (including signal quality and reliability), 
reasonable pricing, and a large number and wide 
diversity of programming channels. These goals, 
while straightforward, pose significant challenges 
given today's CATV networks. The fiber backbone 
architecture described here provides an opportunity to 
significantly improve both quality of service and 
channel capacity in a gradual way, with reasonable 
economics. This gives it the potential of being a 
significant tool in the strategic planning of the CATV 
industry as it faces a competitive future. 

High Definition Television 

It appears probable that High Definition 
Television (HDTV) will develop as a significant home 
entertainment force over the next decade. While all 
the implications of this are not yet clear, it appears 
likely that HDTV will provide significant challenges in 
terms of signal transmission and channel capacity 
requirements for CATV systems. While NTSC 
compatible enhanced television systems are in the 
development stage, it appears likely that services 
which must be delivered to both standard NTSC 
receivers and to full quality high definition receivers 
will require the equivalent of at least 2 to 3 standard 6 
MHz channels. If such services become widespread, 
the magnitude of pressure on channel capacity is 
apparent. A movement toward a fiber backbone type 
of architecture over this same period should put the 
CATV industry in good position to be a high quality 
provider of these new signals because it helps 
address both transmission quality and channel 
capacity issues. 
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Evolutionary Change 

In thinking strategically about its future, it is 
critical that the CATV industry seek a series of 
evolutionary steps, moving its plant in directions which 
will satisfy the needs of coming decades. In order to 
maintain business health, it is important that these 
steps be of a relatively gradual, pay-as-you-go nature. 
The enormous investment in completely new plant 
necessitated by a radical change in system 
architecture would be highly imprudent unless off-set 
by huge new revenue streams. 

Business caution, as well as our belief that the 
most expensive portions of the existing plant (the 
coaxial cable and its placement) have a significant 
amount of additional potential, encouraged us to look 
hard for the kind of hybrid architecture we have 
outlined. It is possible to envision a carefully 
orchestrated scenario whereby fiber backbone would 
first move into the neighborhood as described here, 
then move to bridger amplifier locations, and next to 
the tap, increasing channel capacity, improving system 
operation and customer satisfaction, and enabling new 
services each step along the way. Complete 
replacement of plant with fiber all the way to the home 
is an attractively dramatic concept. We believe, 
however, that there is a far more practical approach, 
with each step being taken when it makes business 
and economic sense, which can enable the CATV 
industry to improve its business and meet the array of 
challenges which the future holds. 

IMPLEMENTATION 

There are several steps required for effective 
implementation of a hybrid fiber backbone/coaxial 
distribution system. The first is the achievement of 
cost-effective optical link electronics which meet the 
technical demands of such an architecture. A variety 
of approaches are under investigation by ATC and a 
number of component and system vendors. These 
general approaches were outlined earlier. The 
second step to implementation is developing an 
understanding of economic and technical trade-offs 
leading to a decision on the maximum size of the 
coaxial subsystems which should be fed by a given 
fiber node. The technical benefits involved must be 
defined not only in terms of immediate system 
improvements with the addition of fiber backbone, but 
also the channel capacity upgrade-ability which is 
desired of the resulting system. The economic and 
technical issues involved are quite complex, and it is 
hoped that work on these issues will continue to 
emerge in coming years as the backbone concept 
itself is proven valid. An initial approach to both 
economic and technical issues is presented in two 
companion papers. 3,4 Broadly stated, these works 
indicate the cost of overlaying a fiber backbone on an 
existing CATV system should be somewhere in the 
$30 to $60 per subscriber range, depending upon 
depth of fiber penetration. Further, they indicate that a 
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fiber backbone overlay may make relatively dramatic 
channel capacity upgrades feasible. In the typical 
network examined, a system upgrade from 270 MHz 
(30 channels) to 550 MHz (80 channels) was 
achievable,. maintaining current system specifications, 
and using off-the-shelf coaxial cable equipment in 
addition to a fiber backbone performing to the 
specifications outlined in this paper. 

IMPLICATIONS 

The architecture of the fiber backbone system is 
such that many small, unique cable systems are 
created out of one large operation. As a result, several 
implications resulting from its implementation can be 
seen. 

The short amplifier cascades created by this 
architecture provide us with an opportunity to enhance 
the performance of our plant. The additional 
operating overhead that results from the short 
cascades can be used to improve the quality of the 
signal delivered to the home, to increase bandwidth, or 
a combination of the above. 

If we are trying to position the system to handle 
such new technology as HDTV without having to 
rebuild the plant to accommodate the first one or two 
HDTV channels, with a requirement for. better system 
specs, then this might be provided by the fiber 
backbone. 

Later, as HDTV and other needs for expanded 
bandwidth advance, a system upgrade becomes a 
good alternative to a complete rebuild. An upgrade 
assumes, of course, that the coax in the plant is 
capable of carrying additional spectrum. 

A system could be expanded in bandwidth a 
number of times. This is a result of the relatively short 
distances between the fiber distribution point (node) 
and the end of the plant that the node feeds. To 
understand this point, we must consider that we have 
broken our large cable plant into many small plants 
with short cascades. When we upgrade, it may be 
necessary to not only change the electronics and 
passives, but to add additional amplifiers as well to 
make up the losses of the higher frequencies needed. 
While doing this while maintaining specifications in a 
system that may be thirty amplifiers or more in cascade 
could be impossible, it could be a relatively easy task 
within a fiber backbone system. 

.. 
The small "neighborhood cable systems" 

created by the fiber backbone allow a CATV operator 
to consider new concepts in advertising. While cable 
can now "narrow cast" ads on selected stations such 
as MTV and CNN, one could, using a "neighborhood 
cable" approach facilitated by backbone architecture, 
produce neighborhood specific advertising: 
Neighborhood merchants rarley want, or can afford, 
city-wide advertising, but could be interested in ads 
reaching a few system nodes serving their potential 



customers. The fiber backbone makes this possible 
because of its unique feature of having a direct feed 
from the headend to each "neighborhood". 

The "neighborhood cable system" lends itself to 
new approaches to programming as well. Since each 
system has a direct fiber feed from the head end, we 
may wish to consider providing different programming 
to selected areas. For example, in some cities there 
may be ethnic communities that would like specific 
programming. Once the primary boundaries were 
defined, additional ethnic channels could be delivered 
to the nodes serving that area. 

We might find a large concentration of hotels 
and motels in another area, requiring a completely 
different channel mix. The flexibility of the backbone 
architecture opens up many options with regard to 
targeted program delivery. 

The hotel/motel possibilities of a fiber 
backbone-fed system lead us into some enhanced 
commercial services possibilities. For example, the 
ability to use the reverse band on our cable plant starts 
to look more attractive. We can now look at the short 
cascades which equate to less noise addition on the 
reverse system and see that it becomes a much more 
reliable data path than before. This path could be 
used for pay-per-view signaling, interactive 
programming like home shopping, etc. Because we 
are dealing with "neighborhood systems" we might 
consider using our more reliable reverse path for local 
area networking in business areas. 

Metropolitan area networks may become 
practical. In a metropolitan area network, we would be 
able to provide data communications between points 
located anywhere in the city. This is a result of having 
a node that is in every neighborhood connected 
directly to the headend with fiber which is passive and 
two-way. As a result, we would have established a 
very reliable communications path throughout the city. 

Operating a cable system today can be a 
complex venture. Implementing a fiber backbone 
system might help reduce some of the day-to-day 
problems that exist. Because of the short cascades, 
we would probably see a reduction in the need to 
sweep the cable plant. That means a potential 
reduction in labor. In addition, we may see a reduction 
in phone traffic that would normally be caused by large 
system outages. Often, system failures overload the 
capability of our phone systems. For example, if the 
first amplifier in a thirty-two amp cascade fails, it can 
effect seven or eight thousand subscribers (based on 
studies of actual systems). If only one third of the 
affected customers were to call in, the phone system 
and customer service department would be unable to 
handle the load in an efficient manner. The result is 
that subscribers often feel that they are unable to 
contact the cable company when they need it the most. 
The phone system overload will often effect all lines 
going to the cable company office. 

With backbone architecture, there will still be 
amplifier failures, but those failures will effect fewer 
people and create fewer calls. Thus, there is the 
potential for improved customer relations and a better 
image within the city. 

Another use for the fiber backbone system could 
be in new construction. If we consider the rural and 
low density areas we would like to serve, but find 
conventional coaxial systems to be too costly, we 
might look at a fiber backbone-fed node feeding a 
"tapped trunk" system. We could benefit from the use 
of passive, low maintenance fiber to transport the 
signal and maintain reasonable quality to the start of 
such a system. It is probable that the cost of such a 
system would be less than traditional architecture. 

Still another variation of the backbone could be 
a system that has no trunk at all, only a distribution 
system. That would say that the node would be at a 
bridger location and would feed line extenders rather 
than trunk amplifiers. It could be possible to cascade a 
few high quality distribution amplifiers with AGC 
circuits and still maintain the node performance quality 
without the need for trunk cable or amplifiers. 

Overall, the implications of implei"(Jenting a fiber 
backbone system are far-reaching, from marketing to 
operations to customer relations as well as improved 
image in the community. The system has the potential 
for assisting in solving, or at least reducing, a number 
of problems that exist in most cable systems today. 

There is also the opportunity to increase 
revenues through the "neighborhood cable system" 
concept that lends itself to new advertising sales and 
marketing ideas. 

CONCLUSION 

In summary, the hybrid fiber backbone/coaxial 
distribution architecture outlined here is one which 
meets an array of needs within the CATV industry. It 
provides a means of significantly improving the 
operation of CATV plant, while laying the foundation 
for future evolution. It is foreseen that the introduction 
of optical fiber technology into CATV systems in this 
way opens the path for the industry to grow and 
survive in a competitive world well into the next 
century. 
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ABSTRACT 

Once the decision has been made to 
utilize fiber optics as the medium for 
communications transmission, the next 
question is in what form should the 
fiber be cabled (loose tube versus tight 
buffer), and how should it be installed. 
The application for both loose tube 
cables and tight buffered cables is 
addressed. Also, considerations for 
direct buried, duct, and aerial 
installations will be described. In 
addition, the differences in the two 
primary fiber manufacturing methods will 
be discussed. The concern is to insure 
the correct cable construction and 
installation are combined to provide the 
fiber with the necessary long term 
reliability beginning with the rigors of 
installation through the cyclic changes 
caused by its permanent environment. 

INTRODUCTION 

Fiber optic cable is being utilized 
by cable television companies to carry 
signals from sattelite downlinks to 
headend; headend to headend; headend to 
hub; and potentially deeper into the 
cascading system. Some of the reasons 
for using for fiber optics are 1) 
reduction of amplifiers in the cascade, 
2) elimination of signal leakage, 3) 
lower maintenance costs, 4) higher 
reliability 5) increased bandwidth/ 
channel capacity. The method of cable 
installation and the corresponding cable 
construction are critical to insure, as 
a minimum, the standard 15-year life 
expected by most cable TV companies is 
achieved. 

In numerous communication 
industries, fiber optics have been 
utilized consistently and successfully 
for the past 10-15 years. Most 
manufacturers will discuss cable life in 
terms of 20-40 years. The inherent 

properties of the fiber optic glass are 
such that, if properly cabled and 
installed,' the product life could be in 
excess of 20-40 years. The limiting 
factors are the materials used to house 
the fiber and the external stresses that 
may be applied during manufacturing, 
installation and under environmental 
loading. 

The vast majority of cable TV 
applications will call for singlemode 
(as opposed to multimode) fiber due to 
its low loss and high bandwidth/channel 
capacity characteristics. A short 
description of the two most common 
methods of singleaode fiber 
manufacturing will be followed by a 
description of loose tube cables and 
tight buffered cables, and a discussion 
on the application of each. The final 
area of discussion is methods of 
installation with special emphasis on 
self-supporting aerial cables. The 
reason for emphasis on the self 
supporting aerial method is its unique 
combination of being one of the fastest 
and least expensive methods of 
installation while also being the most 
demanding on the fiber optic cable 
based on environmental loading. ' 

SINGLEMODE FIBER MANUFACTURING 

There are several methods of 
manufacturing high quality optical 
fibers. For the sake of argument, "high 
quality" fibers will be defined as 
singlemode fibers with attenuation less 
than or equal to 0.5dB/km at 1300nm and 
1550nm, bandwidth in excess of 2GHz•km 
at 1300nm, and dispersion less than or 
equal to 3. 5 psjnm•km from 1285nm to 
1330nm and typically 17 psjnm•km from 
1500 to 1550nm. 

The two primary methods used for 
manufacturing the fibers are outside 
Vapor Deposition (OVD) and Inside Vapor 
Deposition (IVD). Simplistically, vapor 
phase despositon is a method of doping 
fused silica glass with metallic halides 
in order to establish a desired 
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refractive index profile. The 
refractive index profile depicts the 
change in the refractive index across 
the fiber to include the core, the core 
cladding interface, and the cladding. 
The refractive index is the ratio of the 
speed of light in a vacuum to the speed 
of light in the glass. For light to 
propogate properly in a singlemode 
fiber, the refractive index of the core 
glass must be slightly greater than the 
refractive index of cladding glass at 
their interface. The net result is what 
is referred to as a step-index profile. 

Figure 1 shows the profiles 
associated with the OVD and IVD 
processes.. The matched cladding index 
profile ~s the result of a fiber 
manufactured by the OVD process. The 
depressed cladding index profile is the 
result of a fiber manufactured by the 
IVD process. Both processes produce 
fibers that perform equally well. The 
primary reason for the depressed clad 
profile associated with the IVD process 
is to overcome the difficulties 
associated with this manufacturing 

Figure 1. 
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process in maintaining the uniform 
refractive index profile critical to 
quality performance. Figure 2A shows an 
actual refractive index profile of a 
depressed clad singlemode fiber. Figure 
2B shows an actual refractive index 
profile of a matched clad singlemode 
fiber. 
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The key element regarding fiber is 
how it will perform once cabled and 
installed. Bending losses and strain 
applied to the fiber can degrade its 
performance and life expectancy. 
Corning Glass Works, a major fiber 
manufacturer holding patents for both 
the OVD and IVD processes, recommends a 
minimum bend diameter for the fiber of 
SOmm. At bend diameters below SOmm, 
there is potential for substantially 
decreased expected fiber life. At bend 
diameters of SOmm and above, the loss 
associated with the bend is negligable 
for both matched and depressed clad 
fibers with slightly superior 
performance of the matched clad over the 
depressed clad for bend diameters 
encountered in typical splice trays 
(60-SOmm). 

Regarding fiber strain, Corning 
Glass Works states that a fiber can 
withstand strain up to one-third of its 
proof test, long term, without degrading 
its expected life. The typical proof 
test after manufacturing is 50 kpsi for 
fibers intended for loose tube 
construction and 100 kpsi for fibers 
intended for tight buffered 
construction. 

LOOSE TUBE AND TIGHT BUFFERED CABLES 

CONSTRUCTION AND APPLICATION 

The difference between loose tube 
and tight buffered cables is the basic 
premise of how the fiber should be 
treated regarding strain. A tight 
buffered design accepts the fact that 
some amount of strain will be coupled to 
the fiber during manufacturing, 
installation, and due to environmental 
exposure. It makes the further 
assumption that the strain will not 
degrade the long term optical 
performance of the fiber. A loose tube 
design makes the assumption that the 
best way to assure maximum performance 
of the fiber over time is by isolating 
it from the majority of strain 
associated with manufacturing, 
installation, and environmental 
conditions. 

Figure 3 depicts the buffering 
techniques applied to the fiber by tight 
buffer and loose tube designs. As 
shown, the loose tube design provides a 
percentage of fiber overlength relative 
to the loose buffer tube and decouples 
the fiber from the buffering material, 
whereas the tight buffer design does 
not. 

-·· 

The reasons for decoupling the 
fiber from its buffer is to isolate the 
fiber from the strain associated with 
expansion and constraction of the cable 
components, and the strain induced 
during installation. In a loose tube 
design, the fiber or fibers in the 
individual tubes are given the freedom 
to remain in a strain-free state 
relative to the other cable components. 
This is particularly important when the 
cable is to be placed in a 
non-environmentally controlled 
environment (i.e. outdoors). 

Generally, fiber optic cable 
manufacturers with the capability of 
manufacturing both loose tube and tight 
buffered cables will specify the loose 
tube cables for use in outdoor 
applications to include direct buried, 
duct and aerial installations. In 
aerial applications, it is particularly 
important to utilize the loose tube 
design due to temperature cycling, ice 
loading, and wind loading. The tight 
buffered cables are normally specified 
for use indoors in environmentally 
controlled areas. Siecor Corporation, a 
major manufacturer of fiber optic 
cables, can also recommend a new tight 
buffered cable design for use outdoors, 
in ducts, buried below the frost 1 ine 
for short haul applications. 

Numerous other cable construction 
issues such as jacket material, types of 
armoring, buffer tube materials, 
etc. could also be discussed at this 
point. However, this paper will not 
address them because they are not 
directly fundamental to the concern of 
fiber strain versus fiber life, nor 
particularly important to installation 
techniques. 

CABLE INSTALLATION 

Three broad terms capture the types 
of installations utilized for the 
outdoor placement of fiber optic cables. 
They are 1) duct installations, 2) 
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buried installations, and 3) aerial 
installations. The methods, techniques, 
and equipment utilized for the 
installations would be extremely 
difficult if not impossible to list. 
However, upon inspection it is clear 
that by following a few fundamental 
guidelines, the installation of fiber 
optic cable in any application is 
analagous to the installation of coaxial 
cable. In fact, the size, weight, and 
flexibility of fiber optic cable should 
make cable installation faster, easier 
and less expensive to install. 

Duct Installations 

Fiber optic cables can be pulled 
into ducts and innerducts using 
conventional cable techniques with minor 
modifications. The two most important 
guidelines to follow are 1) to not 
exceed the cable manufacturer's 
specified maximum pulling tension and 
and 2) do not exceed the manufacturer's 
specified bending radius. The industry 
standard for maximum tension on fiber 
optic cable is 600 lbs. during 
installation. This number can be 
increased or decreased by the cable 
manufacturer as requried. Generally, 
the minimum bending radius for a cable 
during installation, under tension, is 
15 to 20 times the diameter of the 
cable. 

In order to pull a cable through 
a duct, the cable is typically attached 
to a pulling eye by its strength 
member(s). The strength of the cable 
should not necessarily ,be confused with 
the central member. Some manufacturers 
rely wholly or in part on the central 
member for strength. However, the most 
commonly used cables utilize aramid 
yarns applied over the cable core and 
directly under the jacket as the primary 
cable strength member. The pulling eye 
is composed of a wire mesh pulling grip, 
a kevlar tie-off loop, and is attached 
to the pulling rope or winch line via a 
swivel. The purpose of the swivel is to 
allow the rope to rotate naturally 
without twisting the fiber optic cable. 
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In order to reduce friction and 
increase pull lengths, a pulling 
lubricant compatible with the particular 
cable sheath may be utilized. At all 
times, the pulling tension being applied 
to the cable should be monitored to 
insure maximum tension is not exceeded. 
The distance a cable can be pulled in 
one direction can be increased by 
utilizing figure-a techniques 
(backfeeding or center pulls). 

As an example, if the intent is to pull 
in a four km reel of cable and after 2km 
the maximum tension is reached, the 
cable can be pulled out of the duct at 
the nearest manhole back from the point 
of maximum tension and layed on the 
ground in large figure-a loops. (The 
purpose of the figure-a is to allow for 
easy handling of the cable and to 
prevent kinking.) Once all of the cable 
is formed into a figure-a, it is turned 
over so that the pulling eye of the 
cable is on top. The pull can then 
continue through the duct from this 
new starting point. In some cases, it 
may be necessary to hand assist the 
cable at an intermediate manhole in 
order to· reduce the tension enough to 
pull the cable out of the manhole to 
form the figure-a. 

Center-pulling of cable can be 
performed as an alternative to 
backfeeding for long cable lengths. 
This technique involves the placement of 
the reel near the center of the duct run 
to be pulled. The cable is pulled in 
one direction to a predesignated splice 
point. The remaining cable is unreeled, 
figure-eighted on the ground, and pulled 
in the opposite direction. 

It is conceivable that with proper 
"housekeeping" either technique could 
allow cable pulls of 4-6km of continuous 
cable. Some manufacturers are capable 
of manufacturing singlemode cables up to 
12km in length without fiber splices. 

It is recommended that in manholes, 
flexible conduit be utilized to house 
and protect the cable. Enough conduit 
should be used to allow it to be secured 
to the manhole wall and extend 
approximately one meter into the duct on 
each side. Enough cable slack must be 
left in each manhole for this purpose 
also. 



Buried Installation 

The cable utilized for a buried 
installation would be the same as that 
used in a duct with the exception that 
it would be housed in innerduct or, more 
commonly, it would contain its own 
armoring such as a corrugated steel 
tape. The purpose of the armor is to 
protect the cable against rodent attack 
and potential crushing forces. The 
cable is typically buried at depths of 
30-48 inches in utilizing a conventional 
cable laying plow. Depending on the 
ruggedness of the cable, many 
manufacturers do allow their cables to 
be installed with vibratory plows. A 
warning tape may be buried along with 
or above the fiber optic cable for th~ 
purpose of forewarning ground 
excavators. 

Trenching is an alternative method 
for burying fiber optic cable. For 
short distances, it may prove to be more 
economical than plowing. 

In the event the soil is particularly 
rocky and there is a concern about cable 
damage, it would be wise to prepare the 
area prior to installation. In the case 
of p~owed cable, the ground can be 
pre-r~pped. In the case of trenching 
the trench can first be backfilled with 
approximately one foot of sand. 

Aerial Installations 

As indicated earlier, aerial 
installations tend to subject the cable 
to its harshest environmental 
conditions over time. This is due to 
several environmental factors. First 
temperature cycling will occur which may 
cause dissimilar movement between the 
fiber optic cable and its host 
~upporting ~essenger. Second, for heavy 
~ce and w~nd loading areas seasonal 
l~ads of 1/2 inch radial ice ~ith 40mph 
w~nds can be anticipated. Third areas 
of heavy wind load can produc~ wind 
loading up to or in excess of llOmph. 
~n all cases, these factors will place 
~nc:eased stress and strain on the fiber 
~pt~c cable. If properly designed and 
~nstalled, a loose tube cable design can 
~nsure the fibers remain in a relatively 
stress-free state eliminating concerns 
of reduced service life. 

As with a duct installation, the 
two rules of thumb to follow when 
installing fiber optic cable aerially 
are:. 1) d~ not exceed the maximum 
p~l~~ng tens~on and 2) do not exceed the 
m~n~mum bend radius as specified by the 
cable manufacturer. The construction of 
the cable will normally be the same as a 
cable used in a duct installation. 

A minority of users opt to install an 
armored cable aerially. In some cases, 
it is for ease of inventory and in a few 
cases, it is as a precaution against 
squirrel or rodent damage. Other 
customers may opt to utilize an 
all-dielectric cable due to its 
non-conductive properties and associated 
concern regarding lightning damage. 

The most common aerial installation 
involves lashing the cable to a 
dedicated steel messenger utilizing 
standard lashing techniques. Either a 
"pull-in" or "drive off" method may be 
used. Because of the reduced "make 
ready time," the drive off method is 
quicker and more economical. Again, it 
is critical that the recommended minimum 
bend radius and maximum t~nsions as 
specified by the cable manufacturer are 
followed. It is critical that the 
aerial cable blocks and cable guide are 
large enough to insure the cable's 
minimum bend radius is not violated. 
For short spans, one-quarter inch 
extra-high-strength steel wire messenger 
has become fairly standard. 

overlashing the cable to existing 
plant is also an option. In this case, 
all procedures are the same as with a 
dedicated messenger. For installation, 
again, the keys are maximum pulling 
tension and minimum bend radius. In an 
overlashing situation, the fiber optic 
cable is coupled to the copper cable 
which can sustain more strain than the 
fiber optic cable. In most cases, the 
design engineer should consult with the 
cable manufacturer to discuss the 
variables which determine the fiber 
optic cable strain involved in an 
overlashed situation. The design 
engineer should also take into 
consideration the additional potential 
load to the existing cable and structure 
just as he/she would in the case of 
overlashing copper cables. 

1988 NCTA Technical Papers-119 



In the case of dedicated and 
overlashed aerial installations, most 
manufacturers suggest that drip loops be 
left at each pole to allow for expansion 
of the messenger. The loops are 
generally 2 to 4 inches below the 
lashing wire, depending on cable size, 
with the limiting factor being minimum 
cable bend radius. The lashing line is 
clamped to the pole and spacers are 
generally used. 

Siecar R8CGIIIIIIIIId.t Drip Laap 
frr 

R.rial s-. FU. ~lie Cable 

Another method of aerial 
installation which is growing in 
popularity is the use of self-supporting 
cables. The primary reason is ease of 
installation and significant time/labor 
savings. When compared to installing a 
dedicated messenger and lashing a fiber 
optic cable, a self-supporting system 
will normally be more economical. In 
addition, newer designs provide superior 
relief for the fiber from environmental 
forces. 

To install a self-supporting cable, 
the same procedures would be followed 
that are utilized for installing a 
messenger. Again, tension and bend 
radius are limiting factors. The 
Rated Breaking Strength (RBS) of most 
self-supporting cables runs from 4000 
lbs. to 35,000 lbs. The recommended RBS 
should be specified by the manufacturer 
based on span length, maximum sag 
allowed, and ice and wind loading. The 
recommended installation tension will 
vary, but will generally be between 
10-20% of RBS. As with preyiously 
described procedures, if a pulling rope 
is used as with the "pull-in" method, a 
swivel should be placed between the 
pulling rope and fiber optic cable. 
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The key elements to a 
self-supporting cable design are 1) ease 
of installation, 2) a strain-free fiber 
environment under worst case loading, 3) 
no effect on the fiber by hardware 
attachments, 4) resistance to wind 
induced vibration and 5) the flexibility 
to preplan the cable construction to 
accomodate overlashing in the future, if 
requested. 

The three most common 
self-supporting cable designs satisfy 
these requirements to greater or lesser 
degrees. The designs are figure-S, 
concentric or circular, and pre-stranded 
or helically wrapped. Of the three, the 
pre-stranded most completely satisfies 
the above stated parameters. 

The figure-s design consists of a 
fiber optic cable clipped or bonded to a 
messenger. The messenger is normally 
poly coated and can be fiberglass 
reinforced plastic (FRP), steel, or 
aramid yarn. The FRP designs are most 
common. The figure-s typically installs 
easily, but due to the rigid messengers 
commonly used, may pose handling 
problems. The fact that there is a 
physical coupling between the messenger 
and cable reduces the effectiveness of 
maintaining the fibers in a strain-free 
environment. Loads applied to the 
messenger will be mechanically coupled 
to the fiber optic cable. Since the 
cable has a separate messenger, hardware 
can be attached without the danger of 
compressive forces applied to the fiber 
optic cable. The cable design also 
exhibits resistance to wind forces 
because the disimilar harmonic motions 
of the messenger and cable will help to 
dampen wind induced movement. 



The concentric or circular design 
is simply a standard aerial cable with 
an increased rated breaking strength and 
crush resistance. The strength of these 
cables is found in layers of aramid 
yarn. By increasing the cross sectional 
area of aramid yarn, the manufacturer 
can design a cable capable of aerial 
installation without an external 
messenger. These designs provide the 
lightest weight, most flexible design 
for installation. The disadvantage is 
the reduced ability to isolate the 
fibers from strain during tensioning and 
under load. Also, hardware must be 
applied directly to the fiber optic 
cable increasing the possiblity of 
placing compressive stress on the 
fibers. Because of the circular 
construction, dampeners may be required 
in some cases to reduce wind induced 
vibration. 

The pre-stranded or helically 
wrapped design utilizes a poly jacketed 
messenger with a fiber optic cable 
stranded around the messenger. The 
stranding process is zero torque so as 
not to induce a twist to the fiber optic 
cable during manufacturing. The 
messenger is normally a poly jacketed 
aramid yarn to give the cable low 
elasticity, high strength, and 
flexibility for handling. The 
pre-stranded design incorporates all of 
the positive points associated with a 
figure-a, the greater ease of handling 
found with the concentric, and reduces 
the mechanical coupling of strain from 
the messenger to the fiber optic cable 
because there is no physical bonding. 

In all cases, the manufacturer 
should supply the user with sagjtension 
information for specific applications. 
This information should include 
installation sag and tension, horizontal 
displacement and vertical sag under 
worst case loading, and tension under 
worst case loading. In addition, the 
manufacturer should be able to guarantee 
the system will not see any increased 
attenuation under worst case loading 
conditions. 

To be able to overlash the system 
in the future, the manufacturer needs to 
plan for the increased cross-sectional 
area and weight during the installation 
design. Both the concentric and 
pre-stranded designs are capable of 
being overlashed. The profile of some 
figure-a cables may preclude the ability 
to overlash. 

summary and conclusions 

Reliability of fiber optics has 
been proven over the last 10-15 years in 
several communications industries. In 
order to insure the same success and 
long term reliability is acheived in the 
Cable Television Industry, it is 
important that the design of the cable 
match the application. Reduction or 
elimination of fiber strain over time is 
an essential element to insuring 
expected life cycles are achieved. 

If properly cabled, both matched 
clad singlemode glass and depressed clad 
singlemode glass will meet or exceed 
performance expectations. By utilizing 
cable constructions compatible with the 
installation technique specified, the 
cable Television Industry will benefit 
from .the reliability, long life, and 
supen.or performance afforded by fiber 
optic cable systems. Acceptance of 
fiber optic cable as a viable 
transportation medium for transmission 
of Cable T.V. signals has occurred. 
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INTRODUCTION 

As we all know, fiberoptic technology is 
beginning to find appropriate applications in 
CATV. As this technology comes out of the 
laboratories and into use over the next 
decade, the local system technical people will 
learn to deal with it on a daily basis. One 
aspect of this technology is the installation 
and maintenance of the fiber cable plant 
itself. During the next few minutes, we will 
discuss the fundamental physical characteris
tics of glass fiber and the resultant cable 
designs, installation practices and mainte
nance practices that will yield success. 

CABLE DESIGNS 

Your casual observations of most fiber
optic cables will discover that they differ in 
construction from traditional coaxial and 
twisted pair metal cables. The nature of glass 
has presented the cable manufacturer several 
challenges. First is the size of the fiber 
which is several orders of magnitude smaller 
than typical metallic conductors. Mechani
cally, glass exhibits very high tensile 
strength but very low elongation which means 
particular attention must be paid to bending 
of the fiber to prevent breakage; whereas, 
copper and aluminum have relatively good 
bending characteristics. However, perhaps 
the most challenging characteristic is 
fiber's performance sensitivity to mechanical 
strain. Under even very small sustained 
strain loads, the transmission characteris
tics will be altered and the life of the fiber 
may be shortened. 

The first requirement of good cable 
design is to furnish finished product which has 
the intended life and performance under the in
stalled conditions. Communications fiberop
tic cables have followed the design life 
objectives of our traditional coaxial and 
twisted pair products. Thus, materials and en
vironmental protections applied should under 
most conditions exceed 20-30 years excepting 
physical damage. Careful attention must be 
applied to construction techniques and to un
usual environmental conditions so as not to 
compromise the design life. 

Cable designers have been successful in 
developing cables which can be installed by 
conventional means with very few exceptions or 
changes. In fact, the areas of concern in con
struction practice for fiber cables mirror 
those of our traditional CATV coaxial lines. 
Materials and geometric design elements are 
chosen to combat severe bending, tensile 
elongation and impact loads. All construction 
techniques can be utilized including aerial 
lashed, aerial messengered, plowing, trench
ing and duct. 

As with metallic cables, the most de
structive environmental element is water in 
its several forms. Fiber cables intended for 
outdoor use, whether aerial or underground, 
must be protected from water ingre~s. For this 
reason, you will find flooding materials and 
bonding between cable elements commonly used 
in all cables. Glass is attacked by water in 
a process called hydrogenation. This results 
in microcracks which will propagate over time 
ultimately resulting in fiber failure. 

Three basic cable designs have evolved, 
all of which are successful in obtaining the 
objectives set out. These are known as loose 
tube, slotted core, and ribbon cables. 

Several implementations of basic loose 
tube design are available. One generally rep
resentative sample is shown in Figure 1. 

Strength Member 

Figure 1 
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All of these designs utilize the concept 
of buffering and incorporate a strength 
member. Buffering simply means that the cable 
design attempts to mechanically isolate the 
fiber from all adverse conditions including 
impact, crushing, bending, tensile and ther
mal stress. 

Figure 2 shows one of several variations 
in slotted core (open channel) construction. 

Figure 2 

Strength members are available as either 
steel or a dielectric such as Kevlar or FRP. 
Both materials produce cables which meet all 
the mechanical, physical and optical require
ments set forth. In cable designs which place 
the strength member in the center surrounded 
by fibers, the use of a dielectric is 
advantageous to prevent the possibility of an 
electrical potential between the strength 
member and outer steel armor or aerial strand. 
Also use of all dielectric designs for duct and 
buried plants may be particularly advanta
geous in higher lightning areas of the coun
try. The marginal increased cost of dielec
tric materials are worthy of consideration 
particularly with higher fiber count cables 
which carry proportionately higher revenue 
traffic. 
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A very high density fiber design avail
able from AT&T is the ribbon cable, shown in 
Figure 3. In many respects, this design is 
similar in concept to a loose tube construc
tion. 

Outer Jacket 

Figure 3 

AERIAL INSTALLATIONS 

All of the general techniques and methods 
of aerial installations which have been 
successfully used with coaxial cables can be 
applied to fiberoptic cables. 

In order to have a successful install, 
the fiber must be protected from stress. If 
a fiber is subjected to a stress equal to 30% 
or more of its breaking strength, there will 
be a reduction in the life of the fiber. Such 
excessive stress produces microcracks in the 
glass which over time will propagate resulting 
in failure. 

Cables have been designed and are 
specified for maximum tensile load strength 
such that the fibers are sufficiently pro
tected. It is vital that the cable specifi
cations are adhered to. Most cables carry a 
specification of at least 600 pounds maximum 
pulling strength. Observing this limit 
strictly during pulling will prevent fiber 
damage. It is recommended that a tensiometer, 
fusable link or other device be used during the 
pulling process so as to guarantee that the 
maximum pull strength specification is not ex
ceeded. 



All cable designs incorporate one or more 
strength members. Their purpose is to absorb 
the tensile load applied during installation 
and during the life of the cable. Attaching 
the pulling devices to the cable properly is 
essential to transferring the load to the 
strength member rather than to the fiber. 
Kellums® grips, pulling eyes, etc. should be 
effectively attached to the central strength 
member. 

Back Pull (stationary reel) 
Installation Method 

Cable Block 
Cable Puller 

~ 
Chute Bracket 

Figure 4 

One characteristic of fiber cable is its 
light weight. In most cases the cable is 
lighter than coax. Even so, rollers and other 
support devices must be used along the spans 
to support the cable during a backpull. The 
size, number and spacing should be equivalent 
to good coaxial cable installation. Failure 
to use sufficient support may result in 
excessive drag or exceeding the minimum bend 
radius. 

Drive Off Installation 
Method 

Figure 5 

Cable designs have been chosen to give 
minimum bend radius essentially equivalent to 
other types of cables. This is usually 
specified at about ten (10) times the cable 
diameter. Thus, the standard practice with 
regard to corner blocks should be followed. 
Obviously every additional corner encountered 
during the pull will increase the pulling 
tension. 

The splice case will contribute substan
tially to 1ohe overall life of the installation. 
First of all, it must be environmentally 
qualified for the installation. Water entry 
into the case will create a significant prob
lem. The internal structure of the case must 
be designed with the bending characteristics 
of the fiber, the type splice to be used, the 
type cable and convenience of the splicer in 
mind. The case must be designed to contain 
excess fiber lengths up to several meters. 
This allows the fiber ends to be brought out 
to the splicer for easy effective work. The 
excess length also allows the fiber to be 
coiled back into the case with large enough ra
diuses to avoid damage to the fibers or excess 
attenuation. Specific coil frames are usually 
provided to hold the fibers. The case should 
also contain some mechanical means of holding 
the splice after the job is finished. The 
splice cannot be allowed to hang free. All of 
these requirements are usually fabricated 
into what is generally called a fiber organ
izer inside the splice case. 

Figure 6 

All splicing techniques are relatively 
sensitive requiring some equipment and a 
convenient work space for the splicer. As a 
result, common practice is to do the splicing 
at ground level as shown in Figure 7. 

Figure 7 
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After splicing is complete, the splice 
case and excess cable is lashed up to the strand 
as shown in Figure 8. Care should be taken to 
place the case and cable away from the pole to 
prevent damage by other pole occupants. 

Figure 8 

Fiber cables have a need to be as 
longitudinally dimensionally stable as can be 
reasonably accommodated. Thus, unlike coaxial 
cable sag and tension practices, a tight span 
is preferrable to a loose span. The objective 
of the cable design and installation is to 
minimize the chance of stressing the fiber. A 
very loosely sagged strand will exhibit more 
differential length movement due to tempera
ture, ice, wind and snow which in turn 
increases the chance of applying stress to the 
fiber. In practice, sag conditions will usu
ally be restricted by other cables installed 
on the poles. Whenever possible, place the 
fiber cable in the uppermost available space 
on the pole. 

Overlashing of a fiber cable to existing 
cables is acceptable with a single precaution. 
The strand must be of sufficient size and 
installed correctly so that the finished 
installation of fiber cable and other cables 
will meet the sag and tension needs of all the 
cables. 

Standard practice in CATV coaxial cable 
construction requires expansion loops peri
odically to accommodate the difference in 
thermal coefficients of expansion of steel and 
aluminum. In fact, specific care must be given 
to the geometric configuration of the loop to 
prevent premature failure of the cable. The 
materials used and the configuration of fiber 
cables present a different situation and in 
fact, the requirements may differ between 
cable types and even between implementations 
of the same cable type. For example, loose 
tube cables can be designed such that expan
sion loops are D.Q.t. required. This is achieved 
by carefully constructing the cable in such a 
way as to accommodate the expansion and con
traction of the strand. It is best to consult 
your cable supplier for a specific recommen
dation. Conservative practice may be to in
stall a minimum number of loops. Because of 
the flexibility of fiber cables, and their 
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lack of susceptibility to stress concentra
tions, the natural shape of an expansion loop 
is quite adequate. 

DIRECT BURIAL 

Fiber cables are suitable for direct 
burial using either the trenching method or 
plowing. All of the precautions considered in 
aerial installations apply here with a few 
additions. For plowing operations, special 
attention is needed for the plow design and for 
the entry of the plow into the ground. In both 
cases, precautions must be taken so that 
severe bend stress is not put on the cable. For 
added strength, bend protection, and environ
mental protection, an armored cable design is 
recommended for underground. 

DUCT INSTALlATIONS 

These are quite common with fiber cables 
and should present no problems. Some precau
tions should be observed to prevent over ten
sioning of the cable. The duct should be 
cleared before pulling the cable. An inner 
duct may have to be pulled in to assure suf
ficient clearance. Never attempt to fill a 
duct over 60% of its cross sectional area. 
Excessive filling will create excessive ten
sion. Use of lubricants is recommended to 
reduce tension. 

IN GENERAL 

The success of a fiber cable installation 
is planning and careful attention to stress. 
The cable runs should be well planned for 
clearances, avoidance of obstructions, loca
tion of splice points and the ability to place 
long lengths of cable. All conditions which 
will create difficulties should be eliminated 
or accounted for in the planning stage. 

One of the advantages of fiber optics is 
to utilize long lengths of cables and in fact, 
splicing should be minimized. For particu
larly long runs, whether aerial or duct, there 
is potential for generating excessive stress 
or in the case of aerial construction, having 
to go above other facilities perpendicular to 
the run. A technique which can help in these 
situations is to start the cable placement in 
the middle of the run and work in both 
directions reducing the run by half. To 
accomplish this, it will be necessary to take 
the last half of the cable length off the reel 
in order to access the bottom end. The cable 
can be laid on the ground in a figure eight 
configuration. By using the figure eight, the 
cable will pull out into the last half of the 
cable run without kinking. This avoids the 
natural twist which would be induced if a 
simple coil were used. 



To clear obstacles along the route of an 
aerial placement, one can use the figure eight 
technique. After figure eighting the cable on 
the ground, the cable end is pulled over the 
obstacle and the cable can then be rewound on 
to the cable reel by hand. 

RESTORATION 

Repairing a fiber cable which has been 
damaged will be a necessary part of the system 
maintenance. Unlike the initial installation 
which will usually have been done by specially 
equipped contractors, restorations may be done 
locally due to time and to cost. 

The first step is to have extra cable on 
hand. Usually some extra length is added to 
the initial order to have on hand for repair 
purposes. Since fiber cables at this time are 
generally made to order, obtaining a repair 
length from the factory may require several 
weeks. If necessary, long jumper cables can 
be used as a temporary repair. If a length of 
the original cable is not available but a 
length of a different cable containing suffi
cient fibers is available, then it can 
certainly be used. Under emergency condi
tions, even splicing together fibers from a 
different manufacturer is acceptable tempo
rarily (for multimode fibers they must be 
equal core sizes) • 

For the permanent repair, two splice kits 
and a length of appropriate cable will be 
needed. The type of splices chosen and the 
splice cases chosen should be consistent with 
the objectives originally set out for the 
entire cable run. Some factors to be consid
ered are splice loss, cost, reliability and 
local expertise. 

How much cable should be removed to be 
assured that all damaged fiber is eliminated? 
One concern is that all fiber which has been 
overstressed and would as a result have a 
reduced life be removed. It is probably 
impossible to know with any certainty the 
answer due to the variability of installations 
and type of damage incurred. One rule of thumb 
which is commonly proposed is to cut back ten 
(10) meters each side of the damage. A second 
factor to consider is the introduction of 
modal noise due to locating two splices close 
together. The importance of this factor is 
dependent on the particular manufacturers' 
fiber used. Avoidance of this situation re
quires separating the splice by twenty (20) 
meters. From a practical point of view then it 
seems that whenever practical, a repair sec
tion should be about twenty (20) meters long. 

If the particular situation makes this diffi
cult, you should consult your cable supplier. 

Another approach is to install an 
accumulated excess of cable at points along 
the cable run. These points could be chosen 
for their proximity to likely damage locations 
such as an area which is expected to see sig
nificant construction and development in the 
near future. The accumulation of excess cable 
can be done as in Figure 9, always keeping in 

mind minimum bend radius and tension. 

Figure 9 

This excess cable can then be pulled out 
and relashed so that the restoration can be 
done with a single splice. 

FIBER SPECIFICATIONS 

Single mode fibers being provided for 
telecommunications today have parameters 
which in most cases are standards. 

Attenuation 
0.40 to 0.70 dB/km@ 1300 nm 
0.30 to 0.70 dB/km@ 1500 nm 

Fiber Mode Diameter (~) = 9.0 

Fiber Outer Diameter (~) 125 ± 3 

Coated Fiber Diameter (~) 250 ± 15 

Other physical characteristic di~fer 
ences between fibers are generally art~facts 
of the manufacturing process employed. While 
these do produce some operational diffe:z;ences, 
they are of secondary importance and w~th ac
cepted cable design, installation pra.ct.ice and 
splicing practice, should not s~g~~f~cantly 
impact the installed system operat~on. 
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CABLE SPECIFICATIONS 

The objectives of designing a cable fall 
broadly into the categories of protecting the 
fibers and providing ease of use by the user. 
Protection specifications are relatively 
standardized because they are quantitative 
and the requirements are well understood due 
to the long history of building and installing 
metallic cables. On the other hand, ease of 
use, convenience, adaptability, etc. are more 
qualitative attributes and vary depending on 
the needs of the specific installation. 

Typical physical specifications for 
single mode telecommunications cables in
clude: 

Operating Temperature Range 
- 50°C to + 70°C 

Crush Resistance 
Armored 
Non-armored 

Impact Resistance 
Armored 

Non-armored 

460 lbf/in. 
400 lbf/in. 

20 times@ 3.7 
lbf/ft. 
20 times @ 2.2 
lbf/ft. 

Minimum Bend Radius 
depends on fiber count 
~ 10 times cable outer diameter 

Maximum pulling tension 600 lbf 
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The specific geometric configuration and 
materials used in the cable may bear on the 
convenience to the user. Single tube, multi
tube, open channel or ribbon cable designs 
each have their own strengths and weaknesses 
from a user perspective. The choices may 
depend on individual preferences, installa
tion, etc. 

CONCLUSION 

Fiberoptic cables are finding use in CATV 
systems today and many are predicting much 
wider use in years to come. The CATV operator 
can be assured that the cable manufacturers 
have the ability to provide products and 
accessories that can be installed and main
tained in a practical sense. Some understand
ing of the characteristics of fibers and the 
design philosophy of cables by the user will 
help make the deployment of fiber cables 
successful. The objective of the cable manu
facturers is to provide product which will 
minimize the need for special treatment. 
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FIBER-OPTIC DELIVERY OF ADVANCED TELEVISION 

Donald Raskin 

Hoechst Celanese Advanced Photonics 

ABSTRACT 

Fiber-optic technology can be ex
pected to play an increasingly important 
role in TV transport because of its essen
tially unlimited bandwidth, along with its 
potential for reducing operating costs and 
service interruptions. While a variety of 
fiber-optic TV transport options have been 
demonstrated in the laboratory and in ac
tual field trials, the principal barrier 
to advanced TV distribution over fiber is 
the first-cost of cable installation. 

A number of commercial scenarios are 
discussed which could lead to optical fi
ber implementation. The technical attri
butes of fiber-optics and their relevance 
to advanced TV transport are discussed, as 
well. 

INTRODUCTION 

In just the past 10 years, fiber op
tics has emerged from a laboratory devel
opment to become a major industry, as is 
evidenced by the more than 50,000 route
miles of fiber-optic long-distance tele
phone cable in-place in the US, with an 
additional 20,000 route-miles planned for 
installation by 1990 [1,2]. It is impor
tant to note that although much of the 
public awareness of fiber optics has fo
cussed on transmission quality and relia
bility [3], the attribute that has propel
led this technology with such unpre
cedented speed to its critical position in 
the major arteries of the telephone system 
is its dramatic reduction of installation 
and operating costs for telephone service 
providers. Because of the widespread use 
of fiber-optic equipment in long-distance 
telecommunications, the costs of the f i
ber, cable and certain key components have 
dropped sharply and there is a clear ex
tension of the fiber system closer and 

closer to the end-user ( 4] • In partic
ular, there is intensifying interest of 
both the cable TV and the telephone indus
tries in utilizing fiber-optics for trans
port of video signals to their customers. 

This paper will describe the attri
butes of fiber-optic transport, discuss 
its relevance to advanced television (ATV) 
signals and explore the prospective is
sues. An overview of on-going field tri
als and experimental work will be given, 
as well. 

ATTRIBUTES OF FIBER-OPTIC TRANSPORT 

In fiber-optics, the central core of 
a glass fiber one-eighth millimeter in di
ameter carries light signals that are pro
duced by electrically modulating a semi
conductor electro-optic device -- gener
ally a laser diode. At the distant end of 
the fiber these optical signals impinge on 
semiconductor photodetectors, where they 
are converted back to electronic signals. 

The keys to the technology are the 
extremely low signal attenuation and the 
nearly unlimited bandwidth of the glass 
fiber. In long-distance telecommunica
tions, for instance, these capabilities of 
optical fibers have enabled commercial 
transmission at information rates pres
ently as high as 1.7 gigabits per sec 
( 1. 1x109 bps), with repeater spacings of 
40km. Such communications trunks carry 
the equivalent of over 24,000 simultaneous 
voice channels. An overview of lightwave 
technology is given in reference (5]. 

In telephone and data communications 
over optical fiber, digital techniques 
have been used exclusively since the sig
nals and the switching in these networks 
are digital. Additionally, in long-dis
tance communications, digital techniques 
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offer immunity to error build-up as the 
signal passes through a series of repeater 
stages. In television production, ABC 
News has been transmitting seqments from 
its Washington, DC studio to its main op
eration in New York City over the AT&T 
fiber-optic telephone network. Digital 
coding at 45Mb/s is used to make the video 
signal compatible with the standard tele
com DS-3 bit-rate. Bellcore, the research 
organization of the regional telephone 
holding companies, is coordinating a na
tionwide trial for a customer-controllable 
DS-3 network to distribute contribution
level television signals between broad
casters and affiliates [6]. That trial, 
which will involve broadcast networks, lo
cal and long-distance telephone companies 
and numerous vendors, is scheduled to be
gin later in 1988. 

Optical fiber has advantages in 
analog transmission, as well, which in the 
near term, at least, appears to hold high 
commercial promise for local delivery of 
TV signals. The clearest assets of such 
fiber transport are increased video qual
ity and reliability, along with decreased 
maintenance costs, since fewer (or no) re
peaters are required. In certain cases 
the installed first cost of a fiber-based 
system is lower, as well. This is true of 
the initial service examples: fiber 
supertrunks from CATV antennas to distri
bution hubs in Honolulu (Oceanic Cable
vision) and Dallas (Heritage Communica
tions). American Television & Communica
tions (Englewood, CO) is making plans to 
recable one of its urban operations to 
bring optical fiber backbones from the 
antenna to several local hubs, with the 
final delivery to customers by conven
tional coax. That installation is likely 
to employ VSB-AM analog signals and one or 
two low-cost lasers per fiber to deliver 
approximately 40 NTSC TV channels. Since 
no subscriber would be more than four 
(coax) repeater-spans away from the fiber 
hub, the renewed system is expected to 
improve the quality and reliability of the 
delivered TV picture and to reduce 
maintenance costs. 

An additional attraction of fiber for 
future cable TV systems is the relative 
ease of upstream transmission in a fiber· 
network, again resulting from the low sig
nal attenuation and the absence of re
peaters. 
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It should be noted that, for the most 
part, it is anticipated that fiber-optic 
TV delivery systems will terminate at the 
home or apartment building. Copper-based 
cabling is likely to be used within the 
dwelling units. 

Recent developments in fiber-optic 
systems and devices for telecommunications 
are reviewed in reference [ 7) • A brief 
summary of aspects of fiber delivery of 
ATV compared with alternative transmission 
media is given in Appendix 1. 

RELEVANCE OF FIBER-OPTICS TO ADVANCED 
TELEVISION 

It is a well-demonstrated fact that 
optical fiber technology £An provide suf
ficient transmission bandwidth to permit 
the emission of a multi tude of advanced 
television signals. In addition, new lev
els of picture reception quality can be 
achieved, due to the noise immunity and 
the low attenuation of fiber-optics. The 
principal concerns relating to the imple
mentation of fiber-optic local access net
works are costs of the electronic and 
opto-electronic terminating equipment and 
of the installation of the optical fiber. 

Cable installation costs are, of 
course, the major barrier, especially 
since copper coaxial cable already exists 
in much of the country, while fiber in
stallations to residential end-users are 
only beginning (see Appendix 2). The mag
nitude of this cost barrier would decrease 
or possibly even disappear if a coax sys
tem is ready for rebuild or, more gener
ally, if the costs eventually required for 
upgrading copper coax systems to true high 
definition TV capability turn out to be 
considerable. 

There are indications that -- aside 
from cable installation -- the first-costs 
of fiber CATV systems may be commercially 
tolerable. GTE Laboratories (Waltham, MA) 
has demonstrated an FM analog system car
rying 60 NTSC TV channels with 56dB 
signal-to-noise on a single 18-km long 
fiber [8]. The basic technique-- subcar
rier multiplexing -- is similar to that 
used in satellite TV transmission, with 
the multiplexed microwave (electrical) 
signal driving a fiber-connected laser, 
rather than a satellite antenna. At the 
receiver a photodiode changes the optical 
signal back to electronic form and a block 



converter (one per building) shifts the 
microwave signal down from microwave to RF 
bands. As in satellite home receivers, an 
additional converter stage is needed to 
transform the FM signals to AM (9]. One 
company has announced low-cost FM-AM con
verters suitable for cable TV use (10]. 

Subcarrier multiplexed fiber-optic 
systems can also transmit information in 
digital form by frequency-shift-key modu
lation of a subcarrier. Combined digital 
and analog transmission has been demon
strated by GTE Labs, as well, which makes 
this type of optical system compatible 
with both telephone Ami cable TV opera
tions. GTE estimates that with subcarrier 
multiplexing there is sufficient capacity 
within the 2-6 GHz band to carry 50 analoq 
NTSC channels (2 GHz), 4 digital video 
channels (800 MHz), 4 HDTV channels (800 
MHZ) and 25 digital audio channels (200 
MHZ) -- with 200 MHZ remaining for narrow
band services, such as voice and data. 

A 21-channel digital version of the 
GTE Labs system is to be part of a planned 
demonstration by General Telephone in 
Cerritos, CA, if legal and regulatory con
cerns can be overcome. 

The need for signal security (e.g., 
scrambling or encryption of pay services) 
does not appear to raise any distinctive 
problems for fiber, either in analog or 
digital embodiments. 

ISSUES RELATING TO FIBER DELIVERY OF 
ADVANCED TV TO END-USERS 

The technical issues relevant to the 
use of fiber-optics for transport of ad
vanced TV to residential and other end
users will be discussed initially. This 
will provide some timing context for the 
commercial issues, which will then be dis
cussed. 

Technical issues 

SYSTEM SBLBCTIOH: As can be seen from the 
foregoing (and Appendix 2) , there are a 
number of quite different types of systems 
presently under development and evalu
ation. 

If digital techniques are to be used, 
there are a number of fundamental system 
options: 

A. Switched star networks, where a 
limited number of TV signals could be car
ried simultaneously over the fiber that 
leads to a given household. The viewer 
would send a message upstream to request 
the specific programming to be transmit
ted. Switched systems are particularly 
natural for telephone companies, thus a 
laboratory development and evaluation of a 
four-channel, 600Mbps switched system is 
presently underway at Bellcore (11]. 

B. Multiplexed systems carry all of 
the TV signals simultaneously, with chan
nel selection done essentially at the TV 
receiver, as is the case in present coax 
TV cable systems. Multiplexing can be 
done either by using different laser wave
lengths (wavelength division (12]) or by 
assigning different time slots (time divi
sion ( 13]) for each TV channel. In the 
former, tunable filters will be needed; in 
the latter, very high bit-rate devices 
will be required. 

c. Coherent systems, a special class 
of multiplexed systems, use 'heterodyning 
techniques analogous to those common in 
radio, but extended to the optical domain. 
These systems truly access fiber's enor
mous bandwidth, but will require stable, 
tunable devices that exist at present only 
in the form of relatively bulky and expen
sive laboratory objects (14]. 

If analog techniques are deemed preferable 
for ATV delivery, there is still the ques
tion of FM vs AM signal type. FM appears 
to permit a larger number of high-quality 
channels (appropriate for ATV) to be 
transmitted, but is not directly compati
ble with the existing receiver base, if 
this is required. 

IHTBRJ'ACBS AIID STAIIDARDS: 
transmission, three issues 
dressed: 

For digital 
must be ad-

A. What coding/decoding scheme is to 
be used for fiber transport. This deter
mination is necessary before low-cost 
codecs can be developed. 

B. What are the specific character
istics of the digital bus inside the ATV 
receiver. Since all of the ATV receivers 
will be based on digital signal process
ing, digital transport could be compatible 
with direct access of the selected TV 
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channel signal to the digital bus. 

c. If it is determined that an ATV 
emission system should be compatible with 
switched telephone systems, then broadband 
teleca..unications standards are needed, 
as well, to define the nature of the digi
tal data stream on the fiber. 

For analog emission, a receiver 
interface standard will be needed, perhaps 
including an FM-to-baseband converter. 

Commercial issues 

COKH'l'I'fiO•: The principal questions to 
be resolved are: who will install a 
fiber-optic TV delivery system and who 
will provide the TV program services. 
Regulatory issues aside, both telephone 
companies and present cable TV compan~es 

are capable of installing and operating a 
fiber-based TV system. Other types of 
private co.panies and public utilities 
could play those roles, as well. Addi
tionally, a telephone company could in
stall and maintain the fiber system, to 
provide tariffed transport of programs as
sembled by a "cable TV" company [15]. 

It is conceivable, as well, that a 
cable operator could install fiber all the 
way to end-users. In that event the cable 
company could provide residences and busi
nesses with alternative access to inter
exchange carriers (in partial bypass of 
the local telco). Since telephone compa
nies have traditionally been highly effec
tive at operating and maintaining large, 
complex, high-quality networks and at pro
viding sophisticated billing functions, 
however, it might eventually make commer
cial sense for the cable company either to 
sell the fiber plant to the telco, with 
long-term guarantees for transport of the 
cable company 1 s TV programming or to con
tract with a subsidiary of the tel co for 
maintenance and billing services. Of 
course, other scenarios are possible, as 
well (Appendix 3). 

Subsidiary, but critically important 
questions relate to (1) the regulatory and 
legal barriers to telephone company in
volvement in broadband services like TV 
and (2) the role of broadcasters. 
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INVBSTMBIIT: The installation of fiber
optic local networks nationwide will 
clearly require major capital investments. 
It is important to analyze the situation 
from a national viewpoint to better under
stand how that investment could be 
achieved and to determine if significant 
efficiencies can be obtained. some facts 
appear to be emerging: 

A. At least two of the regional 
telephone holding companies (Bell south 
and southwestern Bell) have stated pub
licly that by the early 1990's they expect 
fiber to be the cost-justified medium for 
new installations based on basic telephone 
seryices only. Thus we can expect that -
even with no other incentives local 
telephone connections by fiber-optics in 
the us will grow at the new-home rate (1-2 
million households per year) beg~nning in 
the 1990's. 

B. The cost of a fiber over-build to 
existing end-users, on the other hand, 
would be justified only if there were rea
sonable expectations for sufficient addi
tional revenues that would accrue to the 
phone companies, resulting either from 
provision of or transport of the new 
broadband services made possible by fiber
optic systems (e.g., high definition TV, 
interactive video, video games, video ref
erence services, etc). 

C. Thus, if the telephone companies 
are prohibited from participating in any 
of these additional revenue opportunities, 
local fiber telephone networks will grow 
in the us, but at a relatively slow rate. 

D. Other countries are making com
mitments to install nationwide fiber-optic 
networks. In particular, NTT of Japan has 
programmed a national fiber overbuild (at 
a cost estimated at $80B in 1987); several 
European countries are building fiber 
overlay networks. Two aspects of this in
ternational effort are particularly 
threatening to US competitive stature: 

In the course of these constructions, 
considerable technical and commercial ex
pertise will be acquired that will benefit 
these countries' domestic producers in the 
massive fiber-optic installations that 
will be taking place throughout the world 
during the next two decades. 



The inherent operational utility of 
these nationwide broadband networks will 
be of great competitive advantage to these 
countries, as well. 

Since any rebuild of the existing 
copper coaxial cable TV system to permit 
transport of ATV will entail considerable 
expenditures, when viewed on a national 
scale, it is clearly worth investigating 
the efficacy of applying that same invest
ment toward a US broadband fiber network. 

It should be noted that if the tele
phone companies are barred from providing 
TV program services, there still remain 
considerable revenue opportunities for 
them in other video services, as well as 
in TV transport. on that basis, fiber 
overbuilds could be cost-justified. If, 
on the other hand, telephone companies are 
denied any revenues from broadband ser
vices, then it is likely that for the 
foreseeable future they will be able to 
install fiber only for new residential in
stallations and for larger commercial 
users, thus delaying by decades the avail
ability of an integrated broadband network 
in the US. 

APPENDIX 1: COMPARATIVE SUMMARY OF TRANS
MISSION MEDIA FOR ATV 

Table 1 lists the basic advantages 
and disadvantages of each of the alterna
tive media for transmission of ATV sig
nals. In many cases, there will be excep
tions to these generalized statements. 
Thus this appendix should be viewed as 
merely a starting point in comparative 
evaluations. 

APPENDIX 2: FIBER/TV TRIALS 

Telephone companies on three conti
nents have either initiated or announced 
trials of fiber networks to deliver both 
telephony and TV signals to residences, as 
listed in Table 2. In the US trials -
excepting the one case noted -- the tele
phone company provides only transport of 
the TV signals from an independent CATV 
operator. 

Table 1. General comparison of transmission media for advanced TV 

MEDIUM 

BROADCAST 

FIBER-OPTICS 
ANALOG 

FIBER-OPTICS 
DIGITAL 

COAXIAL CABLE 

SATELLITE (DBS) 

APVAIITAGBS 

In-place 
Compatible with installed 

base of receivers 

High bandwidth 
Low cost optical components 
EMI immunity 
Few, if any repeaters 
Possible connection to phone 

system 

High bandwidth 
Noise immunity 
No noise build-up 
Easy integration with tele

phone system 
Nationwide distrib'n network 

Installed cable system 
Residence access base 

Available bandwidth 
Low-cost electronics 

DISADVANTAGES 

Spectrum limits 
Interference 
Picture quality 

Little experience 
Cable installation cost 
Set-top converter, if FM 
Limited distance (<20km) 

Little experience 
Cable installation cost 
Higher component costs 
Needs digital port in 

ATV receivers, con
verter for NTSC rcvrs 

Wideband amplifiers 
Repeater maintenance 
Noise build-up 
System reliability 

Requires dish antenna 
Possible power limits 
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APPENDIX 3: SCENARIOS FOR IMPLEMENTATION 
OF FIBER-OPTICS FOR ATV 

I. Cable TV company installs optical fi
ber local distribution network 

I-A. Cable company retains ownership and 
operates system 

A local cable franchise holder sees 
that he will have to make a substantial 
investment to re-equip his coax system to 
carry high definition TV with suitable 
picture quality and a sufficient number of 
channels. The prospective investment 
might include new broadband amplifiers, 
reduction of reflections, possible FM-to
AM converters, etc. He is aware of the 
long-term promise of fiber-optics and he 
knows of certain CATV installations where 
fiber has reduced operating costs and in
creased customer satisfaction. He decides 

to invest in fiber, so that he will never 
again need to upgrade his cable plant. 

Because his distribution is repeater
less, he is able to offer bidirectional 
services [16], such as interactive video, 
for his customers by providing a point-of
presence for an interexchange carrier on 
his network. He receives additional rev
enue from this extra capability and his 
customers enjoy new forms of recreation, 
communication and learning. 

I-B. Cable company sells the fiber system 
to the local telephone company, with 
lease-back agreement for transport of CATV 
signals 

The local telephone company sees an 
opportunity for additional new revenues in 
broadband services over its switched net-

Table 2. Fiber to-the-home trials that include video services 

Telephone 
company 

Location 

UlfiTBD STATBS 

Southern Hunters Creek, 
Bell (Orlando area) 

Southern Heathrow, FL 
Bell (Orlando area) 

General Cerritos, CA 
Telephone (5000 units) 

Bell of (New develm't, 
Pa. 2.000 units) 

OTHBR COUlfTRIBS 

MITI Higashi-Ikoma 
(Japan) 

Bell Yorkville, Ont 
canada 

Manitoba Ste Eustache & 
Tel (Can) Eli, Manitoba 

Deutsche 6 major cities 
Bundespost 
(W. Germany) 

France 
Telecom 

Biarritz 

Equipment 
supplier 

FL 

Northern 
Telecom 

GTE, others 

Alcatel 
Sitcom 

NEC,Hitachi 
others 

No. Telecom 

No. Telecom 

start 
date 

1987 

3/89 

late'88 

1978 

1978 

1981 

Siemens,SEL 1983 
others 

SAT 1984 

Comments 

New housing devel; 
Switched CATV 

Upscale new devel; 
3 simult TV chnls, 
54 chnls avail, ISDN 

20 chnl CATV transport; 
Video-on-demand* 

Multimode fiber, LED's 
for local drop 

HI-Ovis; 2-way 

Multimode fiber 

Canadian Dept of 
Communications 

BIGFON; fiber overlay 

Includes 2-way video 

* Planned by General Telephone, subject to regulatory approval. 
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work, but it knows that these revenues 
cannot support the construction of a sec
ond fiber network in the locality. It of
fers cash to the CATV operator, takes over 
the operating and maintaining of the phys
ical network, provides a long-term agree
ment to the cable company for transport of 
the TV signals to his customers, and in
cludes billing and collection services. 
The cable operator ends-up with a tele
v~s~on business without many of the 
headaches; the telephone company obtains a 
fully-connected fiber loop plant [17J. 

II. The local telephone company builds 
and operates the fiber network 

II-A. Telco provides only transport of 
television signals 

Legal and regulatory barriers may 
continue to prohibit telco's from provid
ing broadband services, but the transport 
of such services over a telco's fiber net
work at tariffed rates may be permitted. 
Thus, if a tariff can be established that 
is attractive to the local broadband and 
cable TV service providers, a fiber over
build (or a partial overbuild, such as 
fiber supertrunks) by the telco may be 
justifiable. The telco is more likely 
than a CATV company to have the large fi
nancial resources for such an investment, 
but its local regulators will need to be 
convinced that the investment will not 
burden the basic telephone ratepayers. 
Fiber delivery of high definition TV and 
other broadband services could provide 
that justification. 

It is important to note that -- once 
a telephone company provides a broadband 
pathway between its residential customers 
and the national public network -- then a 
number of programming providers (e.g., 
premium entertainment channels, motion 
picture studios, even TV networks) can 
sell programming directly to these 
households by a dial-up telephone connec
tion. Needless to say, this would radi
cally change the nature of the "cable TV'i 
industry. 

II-B. Telco's are permitted to provide 
broadband services 

If there are no restrictions on the 
services that can be delivered by the 
telephone company, then it should be able 
·to justify the costs of the fiber network 

installation. This would result either in 
head-to-head competition with the local 
CATV operator, possibly including double 
network builds, or some accommodation be
tween the two parties. In this scenario, 
it is difficult to envision self-support
ing roles for all three of the present 
participants: broadcasters, cable opera
tors and telco's. 

III. Alternative network implementer& 

There are other industries or indi
viduals who could possibly start construc
tion of fiber local networks. Included 
among these would be: 

Local private service companies and 
utilities (electric companies, teleports) 

Private investors, forming a "new in
dustry" 

Broadcasters, not wanting to allow 
themselves to be closed out from the op
portunities in true high definition TV. 
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FM DEMODULATORS FOR BTSC STEREO 
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ABSTRACT 

Of the many kinds of FM 
demodulators, two types have been 
commonly used to demodulate television 
aural carriers modulated with BTSC 
stereo: quadrature demodulators and 
pulse-count demodulators. These two 
types of demodulators are described. 
Waveform plots are used to illustrate the 
operation in a qualitative and intuitive 
way. The relative advantages and 
disadvantages are discussed. In 
particular, cost/circuit complexity, 
noise, and sources of distortion are 
considered in some detail. The effect of 
these parameters on BTSC stereo is 
discussed. 

INTRODUCTION 

Through the history of FM, several 
different types of circuits have been 
used for FM demodulation. Some, like 
disc:iminators and ratio detectors, were 
part~cularly appropriate to times when 
passive circuits were less expensive than 
active circuits. Others, such as phase
locked-loops, quadrature demodulators and 
pulse-count demodulators became practical 
with the availability of inexpensive 
transistors and integrated circuits. 

The low FM threshold of the phase
locked-loop demodulator has made it 
popular in applications where carrier-to
noise ratio is marginal. In television 
transmissions, however, carrier-to-noise 
ratio is limited by video quality long 
before the audio approaches threshold. 

Two types of FM demodulators have 
been widely used for recovering BTSC 
stereo; the quadrature demodulator and 
the pulse-count (or pulse-averaging) 
demodulator. This paper will concentrate 
on these two types of demodulators. 

QUADRATURE DEMODULATORS 

Figure la. shows a block diagram of 
a quadrature demodulator. The name 
quadrature comes from the fact that a 
network with a 90 degree phase shift at 
the carrier frequency is used. At the 
inp~t ~f the demodulator, the signal is 
spl~t ~nto two paths. Part of the signal 
goes directly to one input of an AND gate 
or multiplier. The rest of the signal 
passes through the phase shift network 
before getting to the other input of the 
AND gate. The output of the AND gate is 
passe~ through an integrator to average 
the s~gnal (low-pass filter it) and 
recover the baseband. 

The effect of the phase shift 
network is shown in Figure lb. The 
signal passing through the network is 
shi~ted in ph~se by an amount depending 
on ~ts deviat~on (6w) from the carrier 
center frequency (w 0). A carrier at 
center frequency (w -w 0=0) is shifted by 
90 degrees. A carrier at higher than 
center frequency is shifted by less than 
90 degrees, and so on. 

To illustrate how AND'ing the 
original signal with the phase shifted 
version provides FM demodulation we 
consider three separate cases. Square 
waves are used for clarity. 

- Figure lc shows the case in which the 
instantaneous frequency (w) is at the 
carrier center frequency (w 0 ). The 
phase shift between the two AND inputs 
is the nominal 90 degrees. The output 
of the multiplier is HIGH whenever both 
inputs are HIGH as shown in the output 
pulse-train. After integrating we get 
the average voltage of the pulse-train 
as shown by the dashed line in the 
output waveform. 

- Figure ld shows the case in which 
the instantaneous frequency (w) has 
been deviated to less than the carrier 
center frequency (w 0 ) until the phase 
shift between the gate inputs 
is > 90 degrees. The pulse-train out 
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of the gate has a duty cycle that is 
lower than the previous case, and 
consequently the average voltage 
decreases. 

- Figure le shows the remaining case, 
in which the instantaneous 
frequency (w) has been deviated to 
greater than the carrier center 
frequency (w 0 ), until the phase shift 
is < 90 degrees. After integrating, 
the average voltage is seen to be 
increased over that in the previous two 
cases. 

We see that as the carrier deviates 
below and above the carrier center 
frequency the output voltage swings lower 
and higher than the nominal value. This 
provides the frequency-to-voltage 
conversion required for FM demodulation. 

Advantages 

Low cost is a major advantage of 
quadrature demodulators. Specialized 
integrated circuits are available that 
have built-in intercarrier detectors, 
limiters, quadrature demodulators and 
audio amplifiers. 

The output level from a quadrature 
demodulator is proportional to the 
"steepness" of the phase slope, or k in 
Figure lb. This allows a high output 
level from the demodulator itself. This 
high demodulator output level aids in 
overcoming device noise from the active 
components. Thus quadrature demodulators 
usually provide good output signal-to
noise ratio. Passive networks can be 
built which can provide steep phase 
slopes at 4.5 MHz, making further 
downconversion unnecessary. Circuit 
complexity is consequently reduced even 
further when compared to most pulse-count 
demodulators. 

Disadvantages 

The one significant disadvantage of 
quadrature demodulators is their somewhat 
higher distortion when compared to pulse
count demodulators. There are two causes 
of this distortion. The first is less 
significant, but fundamental to the 
operation of the quadrature demodulator. 
To show this let the phase shift at the 
shifted multiplier input be represented 
by the slope-intercept formula for a line 

L'.¢=-k(w-w 0 )+ ~ 

6cp=-k6w + 1T 
2 

(1) 

where 
Wo is carrier center freq. 
w is instantaneous freq. 
M is phase shift relative to 

unshifted input 
-k is slope (units:seconds) 

This is the equation for the plot of 
Figure lb. 

At the multiplier, for sinusoidal inputs 

Vout=Asin (wt) xAsin (wt-kllw+!!. ) 
=A 2 sin(wt)xcos(wt-k~w) 2 

(2) 

Carrying out the multiplication yields a 
baseband component 

Vout=- ~ 2 sin(k6w) 
2 

(3) 

At this point an approximation is used 

sina=e for small a 

to get the ideal transfer function for an 
FM demodulator. 

Vout = - A
2
k6w 

2 
(4) 

Note that even if k is exactly constant, 
(i.e. slope is perfectly linear) some 
distortion is inherent in this technique 
due to the sine approximation. 

But the phase slope k is not 
constant, as we shall now show. 
Figure 2a shows a typical single-tuned 90 
degree phase shift network. Figure 2b 
shows the phase response of the network. 
Note the slight curvature of the phase 
slope. Group delay is the first 
derivative of the phase, and as such 
gives a convenient measure of phase 
curvature. If the phase slope were 
perfectly linear, group delay would be a 
constant. Figure 2c shows the group 
delay of this network to have a peak-to
peak variation of about 280 nsec. 

In order to linearize the phase, 
improve the distortion and increase the 
output level, a double-tuned network 
could be used. Figure 3 shows one such 
network. Note that the phase slope has 
now increased and become more linear. 
The group delay has been reduced to about 
55 nsec peak-to-peak. Inductive coupling 
instead of capacitive coupling between 
the tanks was used to flatten the group 
delay. 

Equation (4) gave the ideal transfer 
function of a FM demodulator. We would 
now like to examine the distortion 
resulting from the phase shift network 
nonlinearity. An analysis will be done 
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that is very similar to that in reference 
(1]. In that paper the effect of 
amplifier nonlinearity was studied in the 
presence of three carriers. The input 
was a voltage and the output was a 
voltage. We will generalize this 
approach to the case of a nonlinear FM 
demodulator, where the input is a 
frequency deviation (~w) and the output 
is a voltage. 

We can express the transfer function 
for the quadrature demodulator in a 
different way. 

(5) 

where, rather than using a constant k, as 
we did in equation (4), we use a power 
series expansion to model the nonlinear 
phase response. 

Now, as an input to this network, 
let us use an expression for the 
instantaneous frequency deviation of the 
carrier as a function of three individual 
input signals. 

~w=Acosw3t+Bcoswbt+Ccoswct 

where the term in 
A represents a signal in the sum 

channel, 
B represents the pilot, and 

(6) 

c, in a simplified way, represents a 
signal in the difference channel. 

This composite input is substituted 
in the transfer function in (5). The 
resulting expression is expanded, and if 
we collect terms by order, we get the 
results shown in Table 1. This table 
should look somewhat familiar to CATV 
engineers accustomed to dealing with 
distortion products in high level 
distribution amplifiers. 

Note the frequency column in 
Table 1. This column gives the frequency 
of the distortion products. The 
important point to be made here is that 
due to nonlinearities in the FM 
demodulator transfer function, signals 
are produced that fall in channels other 

TABLE 1 

DISTORTION PRODUCTS 

ORDER FREQUENCY 

1st fa 
II fb 
II fc 

2nd de 
" 2fa 
II 2fb 
II 2fc 
II fa+/-fb 
II fa+j-fc 
II fb+/-fc 

3rd 3fa 
3fb 
3fc 

2fa+j-fb 
2fa+j-fc 
2fb+/-fa 
2fb+/-fc 
2fc+j-fa 
2fc+j-fb 
fa+j-fb+j-fc 
fa 
fb 
fc 
fa 
fa 
fb 
fb 
fc 
fc 

PEAK 
AMPLITUDE 

k1A 
k 1B 
k 1C 

1/2 k2 (A2+B2+C2) 
1/2 k2A 2 
1/2 k2B2 
1/2 k 2C2 
k 2AB 
k 2AC 
k2BC 

1/4 k3A 3 
1/4 k3B3 
1/4 k3C3 
3/4 k 3A2B 
3/4 k 3A2C 
3/4 k 3 B2A 
3/4 k 3B2C 
3/4 k3C 2A 
3/4 k 3C2B 
3/2 k 3ABC 
3/4 k3A 3 
3/4 k3B 3 
3/4 k3C3 
3/2 k 3AB 2 
3/2 k3AC 2 
3/2 k3BA 2 
3/2 k3BC 2 
3/2 k3CA 2 
3/2 k3CB 2 

DESCRIPTION 

desired 
II 

II 

de shift 
2nd Harmonic 

II 

II 

Beat Products 
II 

II 

3rd Harmonic 
" 
II 

Intermodulation 
II 

" 
" 
II 

II 

Triple Beat Products 
Self Compression/Expansion 

II 

II 

Crossmodulation 
II 

II 

II 

II 

II 
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than those where they originated. Thus 
pilot and sum frequencies can cause 
signals in the difference channel. sum 
and difference frequencies can cause 
products in the SAP channel, and many 
ott-.er combinations. Dr. J. James Gibson 
[2] has compiled a comprehensive table of 
the possible combinations and the 
channels that they affect. Suffice it to 
say that distortion of a composite signal 
such as BTSC stereo has a more convoluted 
effect than distortion in single channel 
audio. 

This discussion on distortion due to 
nonlinearity of the phase shift circuit 
applies equally to other FM demodulators 
that depend on a network to establish a 
linear transfer function. This can be 
the frequency slope in a discriminator or 
the frequency-vs-control voltage function 
in a phase-locked-loop FM demodulator. 

The availability of encompassing 
"jungle" IC's with most of the components 
necessary for a full demodulator makes 
the quadrature demodulator difficult to 
ignore for consumer applications, despite 
the somewhat higher distortion. 

PULSE-COUNT DEMODULATORS 

Figure 4a shows a block diagram of a 
pulse-count demodulator. The term pulse
count is probably a misnomer, because no 
counting actually occurs. The name 
"pulse-averaging demodulator" is 
sometimes used and is more descriptive of 
the operation of the circuit. A one-shot 
is triggered on every rising edge of the 
limited FM carrier. The output of the 
one-shot is a pulse that lasts for one 
half-cycle of the unmodulated carrier. 
To illustrate the operation we again 
consider three separate cases. 

- Figure 4b shows the case in which the 
instantaneous frequency (w) is at the 
carrier center frequency ( 1.0 a) • The 
output of the one-shot is a pulse-train 
of 50% duty cycle. After integrating 
we find that the average voltage of the 
pulse-train is halfway between the top 
and the bottom. 

- Figure 4c shows the case in which 
the instantaneous frequency (w) has 
been deviated to less than the carrier 
center frequency (w 0 ). The pulses out 
of the one-shot are the same width as 
before, but now the time between them 
has increased. After integrating, we 
find the average voltage to be less 
than in the previous case. 

- Figure 4d shows the remaining case, 
in which the instantaneous 
frequency (w) has been deviated to 
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greater than the carrier center 
frequency (wa). Now after integrating 
the average voltage is seen to be 
increased over that in the previous two 
cases. 

Advantages 

Again we see that as the carrier 
deviates below and above the carrier 
center frequency the output voltage 
swings lower and higher than the nominal 
value, thus providing the required 
frequency-to-voltage conversion for FM 
demodulation. In theory significant 
distortion does not occur until the 
carrier is deviated to twice the center 
frequency. Effectively, all the 
distortion in a carefully designed 
demodulator using a pulse-count 
demodulator is due to group delay in the 
preceding filters. This makes the pulse
count demodulator an excellent choice for 
applications involving high percent 
deviations or in very low distortion 
applications. 

Disadvantages 

Unfortunately, even with the 
relatively wide deviations of BTSC 
stereo, the percent deviation at 4.5 MHz 
is somewhat low at 

100 X 73 kHz/4.5 MHZ ~ 1.6%. 

This normally results in a low output 
level from the demodulator. More 
baseband gain is required, and whatever 
noise accompanies the signal is also 
amplified. 

The usual solution (not the only 
solution) to this problem is to further 
downconvert to a lower IF frequency, 
often about 1 MHz. This increases the 
percent deviation to 

100 X 73 kHz/1 MHZ = 7.3% 

which is somewhat easier to deal with. 

This solution is not without 
significant penalty, however. Circuit 
cost and complexity is increased by the 
requirements for another mixer, 
oscillator and IF bandpass filter. A 
less obvious problem is that the baseband 
filter now has to reject the much lower 
IF at 1 MHz while passing the composite 
BTSC waveform out to 110 kHz. 
Maintaining the recommended flatness of 
+/- .05 dB for monitoring and measurement 
equipment through such a filter becomes a 
more difficult task than with a final IF 
at 4.5 MHZ. 
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The very low distortion but higher 
cost and complexity of the pulse-count 
demodulator makes it better suited for 
applications in professional monitoring 
and measurement, as opposed to consumer 
equipment. 

FURTHER CONSIDERATIONS 

Although noise is always an 
important consideration, two factors 
combine to make it less significant in 
BTSC stereo than one might expect. The 
carrier to noise ratio required for the 
video usually puts the audio well above 
FM threshold. Also, the dbx 1 noise 
reduction used in the difference channel 
effectively masks an otherwise 
objectionable noise floor in marginal 
reception conditions. 

Buzz is normally a much more 
significant concern in BTSC stereo than 
noise. Sources of buzz in television 
audio have been covered in the literature 
(2],(3]. This paper has concentrated on 
the FM demodulator itself and not on the 
associated circuitry and receiver 
architecture. It is mostly up to the 
associated circuitry and system and 
architecture choices to reject buzz and 
phase noise. 

But it is also important that the FM 
demodulator not contribute to the buzz 
problem. Good AM rejection in the 
limiter and demodulator is important 
here, particularly in the presence of 
audio carrier tag and timing pulses often 
used in cable security systems. The 
pulse-count demodulator, being 
essentially a digital circuit, has 
inherently good AM rejection. Phase
locked-loop demodulators can also provide 
good protection against AM. 

The importance of maintaining good 
frequency response flatness and good 
phase linearity in the demodulator and 
subsequent circuits cannot be overstated. 
For monitoring and measurement 
applications a flatness of +/- .05 dB and 
phase deviation < +/- .5 degree from 
linear is required to maintain sufficient 
stereo separation in the system [4). In 
some cases the internal audio amplifier 
in an IC may limit the achievable 
response. 

1. dbx is a registered trademark of 
dbx inc. 
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CONCLUSION 

Quadrature demodulators and pulse
count demodulators are commonly used to 
demodulate BTSC stereo carriers. These 
two types of demodulators were described. 
waveform plots were used to illustrate 
their operation. The effect of different 
performance parameters on BTSC stereo was 
discussed. 

LOw cost, good noise performance and 
integrated circuit availability combine 
to make the quadrature demodulator a good 
choice for consumer products, despite its 
somewhat higher distortion. For the 
ultimate in low distortion at the price 
of increased circuit complexity and cost, 
the pulse-count demodulator is difficult 
to equal. For this reason pulse-count 
demodulators are found in professional 
monitoring and measurement equipment. 
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Abstract 

High Definition Television (HDTV) will be 
available within this country by the early 1990's. All 
broadcast media including terrestrial broadcasters, 
cable operators, DBS and telco are formulating plans 
on how to best accommodate HDTV in their 
environments. At American Television and 
Communications (ATC) and Home Box Office (HBO) 
efforts are being made to encourage the development 
of HDTV systems that are optimized for CATV carriage. 
A cable aware HDTV system must take into account 
existing practices within the cable industry including 
satellite delivery, interconnect systems, scrambling 
and security concepts, in addition to the basic coax 
system and its inherent signal transmission 
characteristics1. 

What is HDTV? 

High Definition Television (HDTV) has the 
potential to be the most significant development in the 
home-entertainment arena since the introduction of 
color television. A large-screen video medium, HDTV 
will be able to deliver a TV picture vastly superior to 
any picture on the air today, with multi-channel, digital
quality sound to match. The introduction of this 
advanced video technology will undoubtedly lead to 
new technical standards of quality in broadcast and 
cable. 

Perhaps the best indication of the scope of 
HDTV's recent development can be measured by 
tracking the 35 equipment manufacturers currently 
selling second-generation HDTV production and 
studio display equipment, the adoption by the 
Advanced ·Television Standards Committee (ATSC) 
and the Society of Motion Picture and Television 
Engineers (SMPTE) of a HDTV Production standard, 
the ongoing work of at least a dozen transmission 
standards, and the FCC Advisory Committee on 
Advanced Television Systems (ATS). And if we track 
the evolution of the VCR and CD player, it appears 
likely that an HDTV system, composed of an HDTV 
television and VCR/optical disk player, will be 
introduced into the consumer marketplace within one 
to two years. Accordingly, some form of HDTV 
programming will be in consumer homes within two to 
three years, with software delivered via the same 
combination. 

The potential impact of this new medium on the 
cable industry is largely in the hands of the industry 
itself. Clearly, the choice for the cable industry is to 
grow with the new medium or lose customers to it. 
Without the cable industry's involvement in the early 
developmental stages, HDTV technology will be 
defined by manufacturers or agencies not sensitive to 
cable's needs, which ultimately will result in the same 
kind of incompatibility problems we as an industry 
experienced with "cable-ready TVs," connection of 
VCRs in scrambled systems, and delivery of BTSC
MTS stereo. 

To develop uniform TV standards, the first 
National Television System Committee (NTSC) was 
formed in 1940, and by mid-1941, the committee 
recommended to the FCC the basic black-and-white 
television format in use today: 1) 525 lirres per frame, 
2) 30 frames per second, 3) 2:1 line interlace of fields 
to frames and 4) a 4:3 aspect ratio of picture width to 
height. 

In 1953 a second NTSC proposed to the FCC a 
color-television system that was compatible with the 
then existing black-and-white television transmission 
standards and the existing base of 25 million black
and-white television sets. To achieve compatibility, 
black-and-white television sets experienced a small 
loss in resolution and picture degradation. The FCC 
approved this compatible standard and 34 years later 
it continues to be the standard. 

With the unexpected, rapid emergence of HDTV 
on the horizon, the FCC issued a Notice of Inquiry 
(NOI) on Advanced Television Services in July 1987 
and formed the FCC Advisory Committee on Advanced 
Television Systems. The Advisory Committee has an 
18 month life, during which it is to explore all issues 
relevant to improved television service and, if possible, 
specify the characteristics and attributes to be included 
in a such a system. It is possible that a standard to 
which broadcast ATS systems must be built will evolve 
through this process, or perhaps a single proposal will 
be chosen. It is very important to remember that the 
NOI and the FCC Advisory Committee are addressing 
transmission or delivery issues as they relate to the 
over-the-air broadcasters and Alternative Media 
Technologies such as Cable, Satellite, Fiber, 
Microwave (AML, FML, MDS) and VCR/Disk. The 
question of a single standard or multiple standards 
(one for each media) is also being considered. 
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Although the FCC and other organizations will 
be studying a possible range of ATS system 
performance, the ultimate goal is that of achieving 
what is commonly referred to as "HDTV". As one 
engages in discussion of what constitutes HDTV, it 
often seems as if HDTV stands for Hard to Define TV! 
However, to justify the expense of this service to 
programmers, consumers, and equipment 
manufacturers, it must offer substantive and highly 
visible improvements over the 34-year-old NTSC color 
system in use today. This distinction must be a least 
as dramatic as the difference between black-and-white 
television and color-television in 1953. These 
differences can be categorized as follows: 

1. Increased horjzontal and vertical detail 
and resolution: Increased horizontal and vertical 
resolution allow better image reproduction by 
displaying more detail and truer color rendition. The 
viewer experiences a sense of reality as if watching a 
live scene through a clean window. Picture detail is 
also important when the image is displayed on a large 
screen such as a home-projection television system or 
in a movie theater. 

2. Aspect ratio or screen shape: NTSC 
televisions' pictures are almost square, with an aspect 
ratio (picture-width to picture-height) of 4:3. This 
shape is a carry over from television's early 
development when movie theaters showed films with 
that frame shape. The aspect ratio of films today is 
about 1.85:1. By incorporating this aspect ratio into the 
HDTV system, existing film product can be displayed in 
its original composition without the need to make 
editorial judgements, such as pan and scan, over the 
product. What's more, this aspect ratio opens up 
interesting possibilities for today's programming -
particularly sports - by providing a more compelling 
view of the event. 

3. Large television screens: The 
emergence of large-screen television has virtually 
dictated demand for HDTV. The current NTSC system 
displays a fuzzy, less than ideal image when displayed 
on a large screen. In contrast an HDTV image can be 
expanded considerably before detail is lost, which 
makes it particularly well suited for consumers' large
screen televisions, theatrical display and audience 
presentations. 

4. High-guality multi-channel sound: High 
quality multi-channel sound enhances the viewing 
experience. Surround sound concepts are already 
available for advanced quality consumer VCR and 
Disk systems. With the popularity of digital audio, as 
the Compact Disc and the upcoming Digital Audio 
Tape systems have illustrated, the consumer will 
expect digital audio in the next generation TV system. 

5. Reduction of artifacts found in the current 
television system: The current NTSC system is 
plagued with image degradation called "artifacts", 
which greatly reduces the picture quality. These 
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artifacts result from the NTSC 1953 requirement to 
have compatible color and black-and-white systems. 
Some of these artifacts, such as the rainbow effect 
seen on plaid jackets, are visible to the untrained 
viewer. Today's technology coupled with the overall 
movement to improve television transmission systems 
provides an opportunity to recover from the 
compromises made in 1953. 

Market Research 

Market research regarding US consumers 
general interest in HDTV systems has been conducted 
by several organizations, such as MIT, over the period 
of the last few years. Recently, cable customer 
oriented research has been conducted by ATC and 
HBO. HBO conducted a series of demonstrations 
coupled with specific questions during October 1987, 
with ATC conducting focus groups in February 1988. 
Both these efforts must be considered preliminary 
because, as with any new consumer technology, 
appropriate testing methods are still being understood 
by the research community. It is particularly difficult to 
separate variables such as screen size and picture 
brightness from the overall perceived quality of the 
image. Sound reproduction also plays an important 
role in the quality of the viewing experience. 

HBO has analyzed its side by side test of very 
high quality NTSC vs. the MUSE HDTV system, 
displayed on the same height screens (26" NTSC and 
28" HDTV). The following trends were determined 
based on viewer perceptions of two "new" television 
formats: 

• Interest in HDTV was high 
• Possible pay cable lift 
• The price must be right (<20% increase) 
• Males rate HDTV higher than females 
• Picture viewing size ,Plays an important role 

ATC conducted focus groups with side by side 
comparisons between studio quality NTSC and the 
SMPTE HDTV production standard, once again as 
viewed on the same height screens. The groups were 
separated into basic, pay, former and never 
subscribers to cable. The members of the group were 
encouraged to interact and move around the room 
during approximately one half hour of demonstrations. 
At the end of the session they were shown a 11 0" 
HDTV projection system. Similarly, there were trends 
evident in these groups: 

• Amazement at HDTV quality 
• Growing awareness of HDTV 
• Pricing is a major issue 

The results of these initial research results 
support our belief that HDTV will have a positive 
impact on consumers, and therefore cable must take a 
leadership role in its development. 



Transmission Issues 

The transmission of HDTV from the origination 
point to the viewer is the component of the introduction 
of HDTV into the U.S. that will have the greatest impact 
on the cable industry, as well as most other media. 
Once originated, the HDTV signal may be delivered to 
the final user in one or more of the following ways: 

• Over-the-air broadcast 
• Cable delivery 
• Satellite delivery 
• Fiber 
• MDS 
• VCR or video-disk player 

The transmission format is still to be defined. 
Various agencies in the U.S., most notably the FCC 
and ATSC supported by many industry associations 
are attempting to resolve the following issues: 

• Should an HDTV format be compatible with 
the existing NTSC standard? 

• To what extent should the format approach the 
absolute quality of the SMPTE HDTV 
production standard? 

• How much bandwidth is acceptable in the 
transmission of HDTV signals? 

• Due to bandwidth compression techniques 
required, how much degradation (due to 
motion, etc.) will the viewer accept? 

• Is one standard required across all distribution 
media? 

We believe that one point is clear - each 
distribution medium must be allowed to deliver the 
best possible HDTV service it is capable of delivering2. 
This may imply a family of HDTV transmission 
standards with a corresponding multi-standard HDTV 
receiver. 

Cable HDTV System 

It appears reasonable to assume that a family of 
distribution media optimized HDTV standards will be 
developed. If this does happen, the following 
attributes should be considered for a Cable HDTV 
delivery system (C-HDTV). 

1. Provide at least 850 lines of Horizontal 
and Vertical resolution in both static and moying 
images. The C-HDTV format shall be designed and 
implemented so that it does not present a limitation to 
the quality of the HDTV signal the cable subscriber will 
receive. Particular attention needs to be paid to the 
tradeoff of resolution which occurs in moving images 
when using bandwidth reduction techniques. While 
initial implementations may not completely achieve 
this level of performance, the system should be 
designed with the expectation of delivering this level of 
clarity in more advanced designs. 

2. Occupy one 6 MHz RF channel. 
Although a cable plant is a closed circuit system and 
its use of frequencies and bandwidth are not as 
restricted as that of the over-the -air broadcaster, it 
does not generally have significant available 
bandwidth, nor is it electrically transparent to the 
signals it is carrying. Whatever bandwidth might be 
available is not likely to be located in a contiguous 
band, and may have limitations as to its signal carrying 
quality capability. Cable systems are configured 
around 6 MHz RF television channels that carry both 
the visual component and the audio component of a 
standard television transmission. Various 
channelization plans (IRC and HRC) were developed 
to reduce the effects of amplifier distortions in the 
delivered signals. A HDTV transmission system that 
does not operate in the existing 6 MHz plan can 
potentially create distortions in the remaining 
conventional television channels as well as being 
degraded itself by distortion products from 
conventional channels falling into the HDTV signal. 

3. Operate in typical U.S. cable systems 
with little or no rebuild of the system. If the C-HDTV 
format is to be accepted and used by the cable 
industry at large, it must be designed to operate in 
typical U.S. cable systems without requiring major 
cable rebuild or modification. 

4. Co-exists with NTSC and other C-HDTV 
channels. The envisioned C-HDTV format shall 1) not 
require a redefinition of the cable channelization plan, 
2) not require readjustment of cable signal parameters, 
3) not require existing NTSC channels to be removed 
for technical reasons, and 4) will allow the 
replacement of any number of NTSC channels with C
HDTV channels. 

5. Proyjdes "hooks" to allow future 
evolutionary improvements of the system. It is 
reasonable to assume that technological 
improvements over the next 10-20 years will allow 
even better HDTV signals to be delivered by cable 
than possible with the C-HDTV format. C-HDTV shall 
be developed and implemented in such a manner that 
allows upgrades to any such advanced HDTV systems 
with ease and with no disruption to the existing base of 
HDTV receivers. 

6. Allows real time transmission of 
program m j n g. The C-HDTV system must 
accommodate real time, live, HDTV programming. 
Bandwidth compression or conservation techniques 
that require non-real time processing are not 
acceptable. While this point may seem obvious, it is 
not a constraint placed on all media (for example tape 
and disk). 

7. Easily interfaced to the SMPTE approved 
production standard or to an intermediate satellite 
transmission format. The SMPTE approved 1125 line, 
2:1, 60 HDTV production format is gaining acceptance 
in North America for film and tape applications. In fact, 
to date, there have been no other HDTV production 
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standards successfully demonstrated and supported 
with readily available hardware. Therefore, it is 
reasonable to believe this format will be the system of 
choice for HDTV programming, whether originating 
live, from film, or videotape. The C-HDTV format must 
allow an easy interface to this production format 
directly. In addition, the C-HDTV format must allow an 
easy interface to an intermediate satellite distribution 
format which is used for program delivery to cable 
headends. 

8. Uses scan rates and other parameters 
that allow reasonably priced multi-standard 
NTSC/HQTV televisjon sets to be produced. For 
HDTV to be successful, consumer equipment must be 
readily available and reasonably priced. Furthermore, 
the consumer HDTV set must readily interface with all 
television formats it will be expected to receive. The 
formats include: 1) NTSC, 2) C-HDTV, 3) VCR-HDTV 
and 4) Broadcast EDTV. Therefore, it is a necessity 
that the developers of the HDTV formats and the 
consumer electronics industry maintain close contact 
to ensure feasibility. 

9. Provides 4 CD guality audio channels. At 
least 4 high quality digital audio channels are needed. 
The channels should be dynamically reconfigurable to 
allow any of the following configurations: 1) 4 
independent channels, 2) 2 stereo channels, 3) 1 
stereo, 1 surround, and 1 independent and 4) a 4 
channel surround system. 

10. Includes a "built-in" high security 
audiolyideo scrambling and addressing system. The 
C-HDTV format shall include a method of high video 
security and very high audio security. Complete 
addressability is needed, including access from the 
program origination point and/or the cable headend. 
Of course, an intermediate satellite format will also 
require full security and addressability. 

11. Capable of being delivered by satellite to 
a variety of recejye locations. The C-HDTV format or 
its intermediate satellite format shall not require a total 
C/N of more than 15 dB to perform satisfactorily. Since 
a variety of satellite transponder configuration exist, 
the design of the system must address the typical 
transponder bandwidths of 27 MHz, 36 MHz and 54 
MHz. 

12. Recordable on VCRs and optical disks. It 
is required that the C-HDTV format, and any 
intermediate satellite formats, be capable of being 
recorded on consumer VCRs and optical disks. 
Further, it is desirable that professional VTRs also be 
capable of supporting C-HDTV. 

R&p Efforts 

HBO and ATC are jointly investigating methods 
of HDTV delivery as they relate to cable. These efforts 
include supporting programs which conduct R&D 
towards development of C-HDTV and NTSC 
compatible HDTV systems. We are also participating 
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in NCTA Engi.neering Committee work characterizing 
cable equipment and systems. 

One R&D effort, funded by HBO and ATC through 
the Center for Advanced Television Studies (CATS), is 
occurring at the Advanced Television Research Project 
facilities of MIT. This program is intended to determine 
the feasibility of the C-HDTV transmission system as 
described above. This effort, expected to take 2 years, 
will produce computer simulations by the end of the 
first year and implementable designs by the end of the 
second year. At that time, a decision to go forward will 
be based on the level of success in reaching the C
HDTV goals and consideration of the results of the 
FCC A TS process. 

A second effort is being planned in cooperation 
with the David Sarnoff Research Center (DSRC), with 
respect to the single channel Advanced Compatible 
Compatible TV (ACTV) system they developed for 
GE/NBC3. This system provides a wide screen 
improved resolution display by adding augmentation 
information to the present NTSC system. HBO and 
ATC are working with DSRC to ensure that ACTV is 
compatible with satellite and cable distribution. The 
concern is that, given the additional complexity of the 
ACTV system over conventional NTSC, it will not be 
able to withstand the rigors of cable and satellite 
delivery. This is a defensive project for HBO and ATC. 
It is in our best interest to ensure that any advanced 
transmission system that has the potential of broadcast 
industry acceptance is cable compatible. Beyond 
fundamental compatibility, it is necessary to investigate 
how to best carry this transmission format in the cable 
environment, with any corresponding receiver design 
requirements identified at this early stage in the 
development. We have also initiated discussions with 
DSRC with regard to including signal encryption as an 
inherent feature of their system. 

The NCTA Engineering Committee has 
appointed a subcommittee, headed by Nick Hamilton
Piercy to investigate cable system performance as 
related to HDTV systems. Both headend equipment 
and plant electronics are being considered in this 
effort. It is expected that knowledge will be gained 
which can improve performance of our current systems 
as well as provide valuable insight for HDTV system 
developers. As both part of an internal quality program 
and as a contribution to this effort, ATC intends to visit 
all of its major systems (>30) and measure headend 
signal characteristics by 3088. 

Finally, HBO and ATC are active members in the 
NCTA, FCC, ATSC and CATS organizations as they 
promote the development of HDTV systems. We 
encourage all cable industry organizations to play an 
active role in supporting these efforts. 



Conclusion 

In summary, ATC and HBO believe that 
consumers will perceive HDTV as a significant 
enhancement to the television viewing experience, 
and therefore it is critical that cable participate in the 
emergence of the technology. There are major issues 
currently under debate in anticipation of the availability 
of consumer HDTV equipment within the next few 
years. Perhaps the most significant of these is how to 
transmit HDTV to the home. Cable must work actively 
with the pertinent governmental and industry 

committees considering the development of HDTV. 
Further, we believe it is necessary to work directly with 
R&D groups to look at opportunities for cable 
optimized HDTV systems. 

1 "Cable System Overview - 1988" available from the authors. 
2 Time Inc. Comments and Reply Comments submitted for the FCC 

NOI on ATS. 
3 "A Single Channel, NTSC Compatible Widescreen EDTV 

System", David Sarnoff Research Center, HDTV Colloquium, 
October 1987. 
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HEADING FOR CONVERTER OVERPOPULATION 

Shellie Rosser 

Anixter r-1anufact-.uring 

ABSTRACT 

Converters have done a lot for the 
cable television industry in the last 20 
years. By enablinq subscribers 
television sets to receive more than 
twelve channels, they have opened up 
tremendous revenue opportunities as new 
services have become available. Bv 
incorporating programmable descramblers 
into converters, it became possible to 
secure the increasing revenues from 
theft of service. Rv adding address
ability to the converter descramblers, 
we can now offer additional revenue
generating services, such as pay-per
view. Over the last twelve years, cable 
systems have purchased more than 60 
million converters from equipment 
manufacturers, and are expected to buy 
another 6.4 million units per year 
through 1991, for a total of 85.6 million 
converters. With industry projections 
for a 1991 subscriber base of 50 million, 
an inventory surplus is mounting. 

How did we get here? With so many 
more converters than subscribers, why are 
new converters still being purchased? 
And, perhaps most importantly, what can 
the cable operator do to reduce surplus 
inventory, yet keep pace with the state 
of the art? 

Technological Advances (The Genealogy of 
the Converter) 

One reason for the current over
population is the rate at which tech
nology progresses. Remember the block 
converter? It was widelv used in the 
mid 70's, and can still be found in 
subscribers' homes today. The block 
converter took a "block" of channels 
carried on the cable system outside of 
the TV set's range (generally in the mid
band) and converted the entire set of 7-
21 channels to another range of 
frequencies that the set could receive
often in the UHF band, where poor quality 
of the set's UHF tuner would wreak havoc 
on the signal. But the boxes sold for 
$15-$22, and significantly increased the 
number of channels a cable operator could 
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offer subscribers. "Soft security" 
protected the system's revenue stream; if 
the subscriber didn't have a block 
converter, the signals weren't received 
by the set. 

By the late 70's (only 5 years later) 
varactor-tuned converters had already 
rendered block converters obsolete. With 
enhanced freouency stability and adapt
ability to scrambling technioues for 
signal security, a new standard emerged. 
Now the TV set constantly looked at only 
one freouencv - the converter's output 
channel - and a wide range of functions 
and processes could be imposed on the 
signal before it was passed on to the set 
for viewing. 

Early versions of these converters 
simply converted from 2 to 26 channels to 
the same ouput frequency (2, 3, or 4), and 
functionally increased the bandwidth of 
the television set. Mechanical push
buttons, slide switches, and rotary dials 
were all used for channel selection on the 
converter. 

Later versions came on the market 
with bandwidth capability to 42 channels, 
and some incorporated programmable 
decoders. These units were highly popular 
in the early SO's and are still widely 
used, although addressability is steadily 
replacing them. With a decoder built into 
the converter, specific channels to be 
decoded are programmed into the unit 
(encoders are matched with the 
correspondinq channels' modulators at the 
head end). 

So when a subscriber selects a pay 
(scrambled) channel that the unit has been 
programmed for, the channel will be auto
matically decoded and a viewable picture 
presented to the TV set. If an unauthor
ized channel is selected, the decoder 
simply passes the scrambled siqnal through, 
and presents an unviewable oicture to the 
television. 

The programmable decoder can be re
proqrammed to descramble and (or all) 



scrambled channels, so a black market 
quickly developed for these converters. 
Cable operators had bought them from 
manufacturers at $60-75 each, and 
consumers were now buying the same 
product for $100-200 on the pirate 
market and receiving "free" cable 
service. Loss of hardware and loss of 
revenues (often from subscribers who 
dropped service, but keot their 
converter/decoders) prompted many system 
operators to move into addressability 
in the early to mid SO's. 

With addressahle systems, digital 
technology facilitated deactivation of 
the entire converter when a subscriber 
disconnected. Addressability brought 
remote control of the subscriber's 
device to the cable operator, so service 
level changes could be implemented from 
a customer service rep's keyboard 
(rather than relying on retrieval of the 
box from the home and replacement with a 
reprogrammed unit). And in the late 
1980's, a new revenue stream has emerged, 
that only addressable technology can · 
deliver: Pay-per-view. Now subscribers 
can buy more programming from their 
cable systems than they have before. In 
addition to regular subscription service, 
they can also buy individual movies or 
events, and be remotely authorized to 
view single segments of programming. 
Addressability has thus become cable's 
answer to the videotape rental industry. 

Technological advances have moved 
so quickly and the industry's needs 
changed so dramatically over the last 
decade, that cable systems have often 
been faced with a converter's depreciated 
life (7-8 years) far exceeding its life 
as a state of the art device (2-3 years). 
New units are often purchased to replace 
converters that are still quite service
able, but not adequate for maximizing the 
revenue potential of subscribers in that 
particular system. And the older 
converters are delegated to excess 
inventory status, often necessitating 
substantial write offs. 

Changing Customer Needs 

In addition to the new wave of 
addressability, another trend is develop
ing, which demands that subscriber 
devices be "consumer electronics
friendly". In other words, if the sub
scribers' TV sets have wireless remote, 
we can no longer give them pushbutton 
electromechanical boxes that make them 
walk across the room to change channels. 
If they already have volume control on 
thei·r television sets, they want voli.une 
control on their converters. A sub
scriber with a VCR now must have a 
compatible program timer in the address-

able converter. 

Recent changes in consumer elect
ronics have contributed as much to the 
continued demand for new converters, as 
the addressable evolution has. Even in 
systems where trapping is used for 
security, rather than scrambling/ 
addressability, older (electromechanical) 
converters are being replaced by digital 
converters that offer consumer-friendly 
features. 

So what happens to the "clunkers" of 
today that 4 years ago were brand new, 
state of the art technology? 

Management of Assets 

As cable operators upgrade their 
systems to satisfy subscribers' demands 
for additional programming (through 
increased channel capacity and pay-per
view offerings), older converters are 
being displaced by new addressable or 
digital products. These displaced 
converters are somet~mes used in a less 
sophisticated sister system, or in non
addressable subscribers' homes, or even 
on additional outlets in addressable 
homes. Under these circumstances, the 
older converters continue to generate 
revenues, to "earn their keep" at least 
until they are fully depreciated. 

But more often, when a wholesale 
system upgrade is undertaken thousands of 
converters are taken out of homes to end 
up in one of two places: 

1. Cable svstem inventory -
converters will sit idle, in a 
warehouse corner, until another 
system lets it be known that 
there is a requirement for them. 

2. Equipment brokers - brokers often 
buy "lots" of unused or obsolete 
converters for resale. 

Each scenario merits further exami
nation. 

Cable System Inventory: 

When converters are in a system's 
warehouse, not only do they not earn 
revenues, they incur significant costs in 
space, material management, and in some 
cases, interest charges on the original 
purchase. Often, the excess inventory is 
not properly accounted for, so that when 
a requirement for the product does surface 
in a sister system, no one knows that the 
units are available. Additional products 
are purchased, and the excess converters 
remain idle. 
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Equipment Brokers: 

Sale of the excess converters to 
equipment brokers is preferable to the 
costs of maintaining unused inventory for 
extended periods of time, but another set 
of issues must then be considered. 

1. The broker's credibility and 
reputation is a primary concern, 
especially if the converters 
include descramblers. The 
pirate market has been fed by 
less than reputable brokers and 
many pirate boxes have resur
faced in systems owned by the 
same companies originally 
selling the product. 

2. The market value the broker can 
offer is often well below the 
product's book value, and may 
not be easily collected. 

3. Brokers operate in a "spot 
market" with pricing that 
fluctuates widely with supply 
and demand cycles. It is 
generally necessary to shop 
several brokers for the best 
price, which will undoubtedly 
be quoted by the one who has a 
buyer already lined up. Shop
ping to sell off inventory is 
simply a distraction from the 
main business of a cable 
system's operation. 

A Solution For Enhanced Utilization of 
Assets 

The Anixter Converter Exchange (ACE) 
program was developed to offer cable 
operators a safe, convenient and valuable 
outlet for unused converters as they up
grade to new technology. Aimed at 
eliminating the system's costs of 
carrying inventory in excess or unused 
converters, the program facilitates 
immediate removal from the cable system 
as converters are taken out of service, 
with a guaranteed price for the product 
that is held firm for the duration of 
the upgrade. 
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When a system buys new converters 
a trade-in value is given for the old 
ones in "as-is" condition, and credit is 
issued against new converter purchases. 
Where the product's depreciated value 
exceeds fair market price, the ACE 
program can offer full book value for a 
large portion of the product traded. 
The credit issued substantially reduces 
the system's net capital outlay for 
state of the art technology, and remains 
constant for the entire upgrade period. 

Anixter then remanufacturers the old 
converters and places them in inventory 
at distribution centers throughout the 
country to make them readily available to 
systems that have use for working, like
new product. The remanufactured con
verters are discounted substantially below 
the price of new products, and are covered 
by a 12 month limited warranty. 

Anixter's distribution network, with 
sophisticated inventory and materials 
management systems, is highly efficient 
at finding legitimate outlets for what had 
been unused converters. Systems need not 
hold or account for non-revenue producing 
inventory, nor be concerned with feeding 
a pirate marketplace that undermines the 
industry's revenues, since purchasers of 
the remanufactured product are qualified 
as cable operations before shipment is 
made. 

The ACE program may not single
handedly absorb all of the industry's 
obsolete and excess converters, but it 
can certainly have a tremendous impact on 
individual systems where excess inventory 
of older product is impeding growth into 
digital and addressable technology. By 
converting idle surplus to revenue
producing assets, the ACE program serves 
as a catalyst for lower-cost system up
grades, while accelerating reallocation of 
product throughout the industry. Surplus 
inventory from one system can enhance cash 
flow in another, with the proper vehicle 
in place. 



HIGH QUALITY TELEVISION DELIVERY SYSTEMS 
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ABSTRACT 

Looking forward, signal quality will 
be increasingly important. A minimum 
performance target of 59 dB C/N is 
suggested. A method of improving cable 
system performance is outlined. Two 
alternate modulation schemes are presented 
for extended definition and picture 
quality over existing cable systems. 

INTRODUCTION 

The advent of Super VHS (S-VHS) VCRs 
has caused many people in the cable TV 
industry to take a renewed interest in 
picture quality. S-VHS VCRs are capable 
of delivering substantially better picture 
quality than the original VHS VCRs. Soon 
the same movie titles will be available to 
rent in the S-VHS format as are carried by 
cable operators on pay per view and 
premium channels. This will provide the 
discriminating cable subscriber with a 
direct A/B comparison· of picture and sound 
quality over cable vs. rented tape. 
Unless steps are taken, the cable quality 
will most likely be the clear loser in 
this comparison. 

Although the growth of S-VHS owners 
in the next year may not be cause for 
great concern, the longer term trend of 
improved signal quality is certain. Sony 
will enter the high end video market this 
year with EO-Beta, which promises to 
provide significantly higher quality than 
S-VHS. Laser discs, another medium 
capable of very high picture and sound 
quality, could make a comeback. 

S-VHS va. VHS 

Table 1 compares performance 
characteristics of S-VHS and VHS. S-VHS 
is clearly better in terms of luminance 
resolution (detail). Note that the chroma 
S/N is nearly equal in the two systems and 
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is nothing to boast about. The VHS chroma 
S/N problem may be more a result of 
mechanical limitations than electronics. 
The poor chroma S/N results in poor color 
purity. Chroma bandwidth is also not 
changed in the S-VHS format, resulting in 
soft color edges, but some of Faroudja's 
(1) techniques may be incorporated by 
manufacturers in the future to enhance the 
sharpness of chroma transitions. 

VHS 

Weighted 
Luminance S/N 52 dB 

Chroma S/N 
AM 
PM 

Resolution 

Table 1: 

Y/C v.. NTIC 

38 dB 
37 dB 

299 lines 

Measured Video 
Parameters 

S-VHS 

51 dB 

38 dB 
49 dB 

499 lines 

Performance 

The Y/C (luminance/color modulated) 
connector feature of S-VHS VCRs and 
monitors has been widely publicized. It 
should be noted that the new connection is 
not in itself a reason for superior 
picture quality. If an NTSC composite 
signal is properly encoded (combined Y and 
C) and then properly separated, the 
artifacts (i.e., cross color and cross 
luminance), are minimal and do not 
significantly degrade picture quality. A 
properly encoded NTSC signal (with proper 
decoding) on a monitor is nearly 
indistinguishable from a Y/C presentation 
on the same monitor. However, not all 
monitors with Y/C connections have good 
NTSC decoding. 



VSB-AM NTSC vs. S-VHS 

The 6 MHz spaced AM vestigial 
sideband system for transmitting NTSC 
pictures and sound limits resolution to 
330 lines or less, depending on receiver 
and display performance. Already 
available on the market are TV 
Monitor/Receivers with Y/C connections 
which have display capabilities of only 
330 lines, regardless of whether the NTSC 
or Y/C video input is used. 

A clean 330 line picture can be an 
excellent and pleasing display, even on 
large screen CRTs (25 to 36 inches). The 
difference between a 330 line and 400 line 
picture is not a dramatic difference, but 
a subtle improvement. If the 330 line 
picture is clearer (higher S/N) than the 
400 line picture, then the choice of 
better picture quality will go to the 330 
line version. In a broadcast environment, 
a properly encoded/decoded and displayed 
NTSC picture is truly an excellent 
picture. 

Photograph 1 shows a multiburst video 
test pattern AM-VSB modulated and 
demodulated. Photograph 2 shows the same 
pattern recorded and played back on an 
S-VHS VCR, and Photograph 3 shows original 
VHS. The AM Mod/Demod pair is clearly 
more transparent than the VCRs. These 
photographs show that cable TV has been 
using a modulation and channel allocation 
format which is capable of providing 
superior pictures than that of new S-VHS 
VCRs for many years. The question then is 
"what quality of pictures and sound is 
actually being delivered"? A further 
question is "what can be done within the 
constraints of existing cable TV systems 
to improve the delivered picture and sound 
quality"?. It is beyond the scope of this 
paper to discuss new distribution system 
design approaches. Techniques which can 
be applied to existing systems to deliver 
better quality signals will be presented. 

Boosting C/N 

Cable system operators and equipment 
manufacturers have historically been 
conservative on signal levels for 
distortion parameters at the expense of 
noise. Signal levels at the input of 
trunk amplifiers and converters are often 
too low. A simple and effective means of 
improving trunk and converter noise 
performance is to reduce system AGC pilot 
signal levels by 3 dB or more. The effect 
on S/N can be substantial and make a 
dramatic picture improvement. Boosting 
system levels should not be done 
indiscriminantly. An experimental approach 
to finding the best system operating 
levels can be used to "fine tune" the 
system for minimum noise with acceptable 
distortion. Observing pictures at the end 
of the longest system cascades and 
decreasing pilots until distortion is just 
noticeable on live pictures, then 
increasing the pilots back about 3 dB for 
a safety margin will yield the optimum 
picture quality. 
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Low Noi1e Pre-Amplifiers 

As system C/N is improved the 
converter noise performance becomes more 
important. In situations where the C/N is 
relatively high (i.e., 47 dB) and the drop 
level is low (i.e., 0 dBmV) a low noise 
pre-amplifier installed before a converter 
can improve the C/N presented to the TV by 
3 dB. If in this example the converter 
noise figure were 12 dB, then the system 
cascade length would actually be doubled 
by the converter. A low noise amplifier 
built into the converter solves this 
problem. AGC is required to prevent 
overload of the converter mixer where 
input levels are normal or high. Fixed 
gain pre-amplifiers suffer from the 
problem that they shift the dynamic range 
lower, but do not extend it. AGC'ed 
pre-amplifiers built into the converter 
can widen the input operating range over 
which high C/N pictures can be presented 
to the TV receiver. 

The Rebuildinq Decision 

If a cable TV system has an end of 
cascade C/N less than 40 dB and the C/N 
can not be improved by raising signal 
levels because of already visible 
distortion, pictures comparable with S-VHS 
and other new sources will not be 
delivered without more major changes. It 
should be kept in mind that along with 
improved resolution displays comes the 
need for higher C/N ratios. Current S-VHS 
machines measure a weighted luminance S/N 
of 50 dB. It is reasonable to assume that 
further improvement will be forthcoming in 
S-VHS performance. If a cable operator 
desires to deliver comparable quality and 
is faced with a 40 dB C/N system, there 
are two possible approaches which can be 
considered. One is to redesign and 
rebuild the system. In this case, 50 dB 
C/N should be taken as an absolute minimum 
C/N design target, including the converter 
contribution. This type of performance 
target will require a reconsideration of 
all signal processing aspects of a system. 
A final resultlng plcture is the product 
of all system components, not just the 
cascade of cable and amplifiers. The 
antennas, LNA/B/C, satellite receiver and 
modulator, transportation via cable, 
microwave or fiber optics, all have a 
cascading effect. 

Non-Standard Modulation Plana 

An alternative solution to rebuilding 
is to use non-standard modulation 
techniques. If premium picture quality on 
premium services is desired, an exchange 
of bandwidth for signal quality can be 
made. The approach would be to use either 
a demodulator adapter box connected to a 
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wideband auxillary IF port on a converter, 
or a self-contained converter/demodulator. 

Either AM or FM modulation may be 
useful, depending on the desired level of 
signal improvement and the available 
bandwidth. 

AM-DSB 

An AM approach which requires a lower 
adjacent channel, but offers extended 
definition and 6 dB of S/N improvement is 
as follows: 

1. Synch suppress both horizontal and ver
tical intervals at composite video. 

2. Decode NTSC to Y/C. 

3. AM modulate the Y signal and filter 
with a special DSB filter. 

4. Up-convert C and filter at 42.17 MHz. 

5. Up-convert BTSC sound to 41.25 MHz. 

6. Combine the signal and convert to the 
desired two cable channels. 

Figure 4 is a block diagram of this 
DSB-AM modulator with a composite two 
channel IF output. Figure 5 shows a 
typical modulated spectrum. Figure 6 is a 
block diagram of the receiver which 
receives Y, c, Mono and Stereo Audio, all 
separately. The S/N improvement of the Y 
signal is as follows: 

1. The IF level is boosted by 3 dB so that 
peak channel power matches adjacent 
channels (+3 dB). 

2. DC to 2 MHz is received as a double 
sideband signal (+6 dB). 

3. From 2 MHz to 6 MHz the sidebands are 
single, but at twice voltage (+6 dB). 

4. The Y receiver 
(-3 dB). 

bandwidth is 8 MHz 

S/N (DSB) S/N Adjacent + 3 dB (IF 
level) + 6 dB (sideband power) - 3 dB 
(BW). 

S/N (DSB) S/N Adjacent + 6 dB. 
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Extended Definition AM IF Demodulator 
With Super MTS Decoding 

Composite 
IF lnJJlll 

SBPr 

/\ 
41.25 IAhz 

CBPr 

f\_ 
42.17 14hz 

"'11.'>'5 t.Ahz 

0 

Demodulator y ;:>tl -:-\ 
45.75 IAhz 1-----, 

L_______._,.-J L~ ' ® 
~1\lc />!< 

45.75 14hz 

M BPf 

n BPf 

FIGURE 6 

3.5814hz BPr 
~ CC*-18 

) 

Audi•> 

) 

3 Channel FM Component IF Modulator 

Co~posHe. 
v1deo 

}----41 NT<;C 

DecodE"r 

Left ~ 
r----41 L P r ~ 

Audjo 

R.igr-h-.. --1 :\ 

200-1988 NCTA Technical Papers 

FIGURE 7 

Composite 
3 Channel 

lF 



3 Channel FM Component 
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FM Component Modulation 

If 6 dB S/N improvement is 
inadequate, FM modulation can be employed. 
An approach which could yield at least 15 
dB S/N improvement is shown in Figure 7. 
The key features are the optimally matched 
pre-emphasis curves for each component and 
separate FM carriers for Y, I and Q with 
FM subcarriers for L and R whi~h are 
companded. A further refinement would be 
to make the Y, I and Q pre-emphasis 
adaptive. Figure 8 shows the receiver for 
this FM scheme which must include a chroma 
encoder to generate the desired Y/C 
output. Figure 9 shows the 3 channel 
allocation. Although this FM component 
modulation concept is bandwidth intensive, 
it is a feasible means for providing 
excellent picture quality over systems 
which provide poor pictures in the normal 
format. Looking at this FM format from a 
different perspective, extremely long 
cascades could be built with this very 
robust modulation in mind. Note that this 
method could have optical fiber 
applications, such as fiber trunking with 
short multi-cable runs, without a format 
conversion. Signal security could be 
provided by line rotation or other 
baseband means. 
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CONCLUSION 

Picture and sound quality of 
competing video mediums are rapidly 
improving. Depending on the design and 
condition of individual cable systems, 
operators may choose to "fine tune" for 
best picture performance or rebuild in 
order to provide comparable quality 
pictures. If spectrum space is available, 
non-standard modulation formats could 
provide both extended definition and 
improved S/N. A DSB AM approach with 
moderate S/N improvement is backward 
compatible and requires the lower adjacent 
channel. For more severe cases, an FM 
approach is proposed which requires 3 
channels and which is compatible with 
fiber transmission. 

(1) "Improving NTSC in a Cable Television 
Facility", Yves Faroudja and Joseph 
Roizen, NCTA Technical Papers, 1987. 



DIPROVBD OUTAGB CONTBOL 
USING A NEW AND VNIQUB '1'BAN8IBNT RI.I'MINATOB 

ABSTRACT 

Outap control i1 an area of major c:mcem throueflout the 
cable televUion induatry, not only from the ltandpoint of 
maintaininc cuatemer rwenu.11, but al10 for iniUring reliability 
and lonprity ~CATV I)'IJ&em hardware. 

Power probl.ma can pique a CATV 1,..tem. Tranaient voltage 
lUre- and IPik .. induced by li,tltning 0'1" ca~ by llheath 
currenta and utility awitchina operatiooa are a very eerioua 
th~at te reliable cable l!yltem operation. 

Thi1 paper will deKrile a new method for protecting the 60 
voh plat. A diGen ueinc utnmely ~ Mmi-condudon to 
llhunt IAlrp currenta te eround. enablll ad:in and puaive 
devicN to become e..-.tially immune to da!UI8 cauaed by high 
voltap tranlienta. 

We will ~t the techntc.l resulta g{ i.nit.ial laboratory 
r-rch, u well u IICtual cable l)'lteiD teatL A driailed 
deacription ol how a;pik .. and IUI"JM an created in the CATV 
enyjran~t provides a b.ia for evaluatiac effect.iveneu and 
reli.bility af thi1 approech. Several illulltratiena aupportifll' th~ 
r-reh data are induded. 

Our papet" propoeea a unique eolut.ioft to aeveral of the 
c:mtllnponry problema facing all CATV l)'atem operaton: 
Out.p control, hardware proteeti011 and cultomer utiafaetion. 

INTBODUCTJQN 

N.._... ~haw -a .... thd iaternqltiaD otMI'Vice 
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"'Self-indueed interruption durinc maintenance or 
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polite throulh it. 

"'Overaiud vehielea tearint MWII cwerhead plant. 
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"'Ina.&a.,..w '-'ten.. ar M&tery maintenance t.e support 
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POWER PROBLEMS 
"'Black.outa 
"'Brownouta 
"'Sur&M 
"'Trarut:ienti/Spilr.ea (Dirty Power) 

EQUIPMENT FAILURE 
"'Semieoodu.ctor Heat Proetration 
*Catutrophic: Failure 

Apart from the otMoua, the frequent medlaniam of equipm~nt 
failure i1 caUII&d by ligiltning and dirty power. Note: Direct 
li&'htn~ hita, fortunately, are quite rue (and preventable). 
Amplifien and other CATV rquipment actually survive the 
!Mjority af IUJ"i81, apilr.11 and other tranllient phenomena; 
however, they are ir:ijured in the proee11 and •lowly deteriorate 
until they "unexplainably" die, causing a turprise outs~. 

OUIAGECONTROL 

During the apring and aummer months, many articles are 
publilhed on Outap Control. From these come ideu that 
provide 10lution1 to allevia~ elec:t.rically-related problem1. In 
,eneraJ, these referw~CH include: 

1) Drive unbonded ground• at aeparate pole1. Thia provides a 
divid..- network that drains-oft" some rX the energy under fault 
c:mditiona, but thM"e are limita. One-ohm grounds, which are 
created by couplin&'-up ground rodl (to 32 feet in depth) and 
hittini underrround water, do not comple~ly eoln the probl~m. 
Aleo, it lhould be noted that thi1 technique can crea~ )aJ"it! 
potential• ~tween conductors on the pol~. 

2) Bridge the amplilien with at Jea1t AWG 16 copper wire. Thi1 
ia intand..t to ahunt the approximate 1000 Amperea flowing in 
the atrand/cable durinc fault condition• and prevent a potential 
from developi.r~~ acroe1 the entire auembly, including input and 
output connector•. 

3) lnereaM fu.M ratinp incrementally. Thia ia eapeeially true 
where the equipiiMIIt i1 .w'f\eienUy robuat., 1uch u the aecondary 
at ferroruonant.-type, &0 Voh po-r auppli11 which are lhort
circu:it proof and "indeltrurlib!.e." 

4) Inltitute Outap Tracking, Quantifyini and Polt-Mortem 
Analyll1. A lltlp-by-lteJt ~re needa to be •tabli11\ed which 
providll e:ud. detaila g/ hew each type rX outqe ia to be 
llWlapd, who ia te be called, and un4er what eircumat.ncH. 
Thi1 type ofmanapment CAll 1\elp te recNe. outaee duratioft. 

5) Att.adl. IIW"p and apilte pralllem1 at the center-condudor. The 
oM, Jinaie-ttep, aale anti \..-1 Y&'J te o~me power-nlateci 
pnbietU when 0.. damap eecura, ia by u.in&' a fut-reiii)Cind.in& 
naaetJ, tnnliMRt ~-



THE CRQWBAR APPROACH 

During the summer of 1986, I rec:eived a call from a 1000-rnile 
system in Virginia which was repeatedly receiving electrical 
storm damage. This was a sizable county system and spread over 
a very large area. It was possible to determine the broad path of 
storms as they moved through the system by the trail of burnt 
fuses and modules left. in their wake. The problems were further 
compounded by the fact that the power tended to be intermittent 
during the storms, as well as losing regulation. Fortunately, the 
power company was able to provide valuable information for the 
study. In the case of the direct influence of the storm, lightning 
would strike the primary, arc-over to the sec:ondary/neutral and 
be followed by as much as 10,000 Amperes of AC fault-current 
flowing back to the substation. This traveled by whatever route it 
could find, for as long as 160 milliseconds, before the substation 
breaker could stop the flow. It was discovered that the fault
current was divided· about equally between neutral and 
strand/cable, which was then equally divided again between the 
strand and cable. This gave rise to a cable sheath-current in the 
order of 2,500 Amps. It's not surprising that their amplifiers and 
fuses were blowing. (See figure 1) 
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Figure1 

Even oil normal, calm days during low-loading in residential 
areas, there will be at least 5 to 10 Amperes or more flowing in a 
strand/cable. It's an eye-opening experience to go around a plant 
with a clip-on ammeter and take strand/cable current-flow 
readings. Frequently, it is the areas with high, idle-currents that 
blow the plant away. 

When contemplating the magnitude and duration of the11e 
currents, it is easy see why the small, ionized spark-pp pellets 
are inadequate for this type of service. They will either blow 
open, or closed, under prolonged high-current over-voltage 
conditions. When they are open, a false 11enae of security is 
created. When shorted, they are difficult to find and fix. 

Since I had no access to a lab, I asked Torn Oaterman at Alpha 
Technologies to build several heavy-duty transient-protection 
devices into power inserters. In my opinion, it was neceasary to 
design a circuit capable of taking damaging fault currents to 
ground for several AC cycles. To be effective, the device required 
a response time of leu than one rnicro11ec:0nd. Trying to remove 
the transients by clipping, as in the case of M.O.V.'1 and zener 
diodes, wasn't acceptable due to the high I2R lo1ses and low 
power dissipation capabilities. The best approach was to 
overcompensate for the energy rise by shunting everything, 
including the 60 Volt power supply to sheath groqpd. 

Some purists may ask ''What happens to the active devices 
during the three or four cycles when peak voltage is near 0?" The 
answer is that the power supply certainly doesn't care and the 18 
to 22 Amperes that it can deliver to the semi-conductors is 
insignificant, compared to the main Burge corning directly down 
the coax. 

As for the active devices, they will typically stay up for 
approximately 100 milliseconds, by which time, a four to five 
cycle surge has ended or the power company breaker has 
terminated the surge; in which case, the question becomes 
academic. Standby power is available and full voltage will be 
returned on the first half-cycle when the fault overvoltage has 
ended. At worst, customers may see a one-frame roll. Is this not 
better than burnt fuses and modules, outages of an hour or more, 
and above all, techs performing repairs under inclement 
conditions? 

The final requirement of this device was to insure high
reliability. The solid-state components would have to be 
extremely rugged and offer an almost indefinite life span, unlike 
MOVs with their ultimately self-destructing, tunneling 
phenomena. 

Of the four units that we made for the Virginia system, one 
was installed directly in the storm path. No more damage was 
sustained in that area during the next five successive storms of 
the season. Interestingly, the plant surrounding and acljacent to 
the crowbar-protected plant was severely damaged as before. The 
second unit was installed in a pedestal enclosure at a new 
development where the 15 Amp supply was loaded to only 2 
Amps. Everything connected to the power supply was being 
wiped out with every storm. After installation of the modified 
power inserter with the crowbar circuit, there have been no more 
problems on that leg. 
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I kept one unit and sent the other to a cable lab in Florida 
where they tried to test its survivability. Lab boss, Rick Miller 
put a flash capacitor charged to 1,500 Volts onto the device, which 
dissipated the energy without damage. Other tests included 
putting 120 VAC from a Variac into a crowbar unit, but the 
Variac got hot and repeatedly blew its fuse. Next, they applied 
120 VAC from a 20 Amp breaker into it. The breaker tripped, but 
the device was unharmed. In desperation, we put 220 VAC on it 
from a 40 amp breaker. Again, the device sustained no damage. 
That was the extent of testing they could perform with their 
limited resources. After some minor improvements to the design, 
we sent one of the newer models to a system in Little Rock, 
Arkansas, experiencing a problem with very dirty power (VDP) 
coming from an adjacent, high-voltage power switching center. 
Fuses and equipment were blowing repeatedly. After installing 
the crowbar, no more equipment was lost, but fuses still blow on 
occasion. It may take two of the devices, several spans apart, to 
completely eliminate the problem. Fortunately, a power inserter 
with the crowbar circuit can be dropped-in anywhere; you don't 
have to actually insert power! 

By this time we had missed the rest of the 1987 storm and 
lightning season. Since then, we have installed a few Crowbars 
in Central Florida (The "Lightning Capital" of the USA), awaiting 
the summer storms of 1988. It was then up to Tom at Alpha 
Technologies to perform the more sophisticated testing and 
analysis. 

TESTING AND ANALYSIS OF THE "AMP CLAMP" 

Identifying the exact nature of transient phenomena and 
developing a fail-safe solution required re-thinking the age-old 
problem of power protection. Following some of Roy Ehman's 
suggestions and practical field expertise, we approached the 
development of the "Amp Clamp" from the ground up. 

Transients can occur randomly, or repeatedly. Repeatable 
transients, such as commutation voltage spikes, inductive load 
switching, power factor correction, etc., are easier to observe and 
eliminate than random disturbances. In the CATV AC power 
environment, transients can sometimes be traced to local 
industrial operations where large motors, compressors, welders, 
and other forms of heavy electrical equipment conduct dropouts, 
or produce "load dump" inductive-voltage flybacks onto the AC 
power line. 

Most ferroresonant-based CATV power supplies will do a 
consistent job of protecting their AC loads from damage. 
Excellent common mode rejection and spike attenuation is 
inherent in the ferroresonant transformer topology. With most of 
the repeatable utility AC transients filtered out by the CATV 
power supply, the focus shifts to random events, such as 
lightning-generated transients on the CATV cable. 

The device we developed to provide the voltage-triggered, low 
impedance short circuit to ground, consists of two, high-current 
SCRS (Silicon Controlled Rectifiers) connected in opposite 
polarity across the center conductor and sheath of the CATV 
cable. The most effective, and convenient, location for this device 
turned out to be inside of a standard, Jerrold Power Inserter 
which provides a weather-proof enclosure, as well as access to the 
cable conductors. (See figure 2) The SCR's are triggered into 
their conduction state by a voltage sensitive, bi-directional trigger 
diode. The diode provides a fast voltage level-sensor that gates 
the proper SCR into conduction which corresponds to the polarity 
of the voltage transient presented to the circuit. (See figure 3) 

130-1988 NCTA Technical Papers 

The SCR's have a steady-state current rating of 35 Amps and a 
one-cycle (8ms) pulse rating of 500 Amps. When an SCR is 
triggered iqto conduction by a voltage spike exceeding the 
threshold of the trigger diode, it will conduct current only until 
the current source falls close to zero. On the next AC half-cycle, 
the SCR that was conducting will become reverse-biased and tum 
off. If the transient re-occurs during this half-cycle, the opposite 
SCR will conduct until zero cross. (See figures 4 - 7) 

The SCR's are extremely rugged devices in the pulse current 
mode. Voltage spikes will be clamped to ground without 
damaging the SCR because of the limiting effect of series 
resistance and inductance between the voltage source and the 
clamp circuit. This reactance will limit the maximum current 
flow through the clamp circuit. It's important to note that there 
is a forward-conduction voltage drop of 1.8 Volts across the 
device. 
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Figure 3 
Amp Clamp schematic diagram. 
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Figure 4 
Normal 60V power supply output waveform. 

(full load 16A) 
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Figure 5 
60V power supply output waveform 

with 400V transient applied. 
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Figure 6 
Enlargement of clamp action 

(from figure 5 ). 
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Figure 7 
Amp Clamp subjected to 120VAC 
Note: Trigger point and resulting 

clamp to ground. 
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THE VOLTAGE SENSITIVE 
TRIGGER CIRCUIT. 

FigureS 
Equivalent Cable Circuit Description 

The minor diaadvantage of this circuit is the phenomenon 
called "power follow". Once the clamp is triggered into conduction 
mode, current provided by the local AC power supply will be 
clamped close to ground, a8 well a8 the fault current. This will 
cause a maximum AC interruption of 8.3 milliseconds or 112 cycle 
(60Hz). This occurrence will not hann any ferroresonant-type 
power supply and will not cause most trunk amplifiers to drop out 
due to the approximate 100 milliseconds of "hold-up time" 
resulting from the large DC input filter capacitor located in the 
internal 24 VDC power supply. 

To fully test this device.and determine its effectiveness and 
survivability, we embarked on a program of component stress 
analysis and "real world" transient simulation. In the fall of 
1987, we took several prototypes to an independent high-current 
test laboratory for IEEE 587 surge voltage protection compliance 
testing. We used a Keytek high energy surge generator to 
produce surges specified by IEEE 587, Part A (6,000 Volts - 200 
Amps) and IEEE 587, Part B (6,000 Volts- 3,000 Amps). Other 
aspects of our test program included direct connection to 40 Amp 
220 VAC power circuits, high current discharge from multiple 
capacitor banks, continuous operation in conduction mode at 30 
Amps, and thermal cycling of the clamp components. With 
repetitive hits, we were unable to cause a single failure to ANY of 
the active components in the power inserter or the Amp Clamp 
circuity. The unit clamped the high energy spikes faster and with 
a lower amplitude than any of the M.O.V. surge arrestors that we 
took along for comparison! 
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One unique feature of the circuit layout is the press-fit 
heatsinking of the SCR's to the die-cast power inserter case. Any 
potential heat generated by the fault current flowing through the 
SCR's is quickly dissipated by the large mass and surface area of 
the power inserter case. This function minimizes the thermal 
stress on the SCR's when they are conducting, thereby greatly 
increasing the reliability of the device. 

As a result of this new design, transients can be quickly and 
safely clamped to ground, thus protecting active and passive 
devices in the CATV system, without interruption of service or 
degradation of equipment. To date, the feedback from system 
operators that have installed Amp Clamps in areas that 
consistently experience outages and equipment damage due to 
lightning strikes has been very positive. 

The "Amp Clamp" (See figures 2 and 3), can be easily built in 
time to protect your plant from this summer's storms. This is an 
exciting application because of its significant contribution to 
industry-wide outage control. 
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INTERACTIVE ELECTRONIC HOME SHOPPING 
AN UPDATE ON THE TELACTION APPROACH 

Dom Stasi 

Telaction Corp. 

INTRODUCTION 

Projections of CATV systems as the 
likely vehicle for the large scale 
introduction of interactivity to the TV 
viewing experience have been with us for 
about as long as CATV itself. The fact 
that most interactive endeavors, while 
meeting their technical objectives, have 
been eluded by economic success has not 
lessened that likelihood. 

In fact, for the first time in the 20 
odd years of interactive capability, the 
market, not the technology, is responsible 
for renewed interest. For this reason 
more than any other, the outlook for the 
economically successful inclusion of 
interactive service(s) to CATV program 
fare is brighter than at any previous 
time. An indication of this trend is in 
the nature of the interactive services 
themselves. While early efforts tried to 
provide as wide a range of uses as the 
technology would support, current fare has 
concentrated on specific services, i.e., 
home shopping, or pay per view or games, 
etc. A reactive rather than proactive 
position indicating a market need rather 
than responding to a market potential. 

This paper will describe the current 
state of one such specific interactive 
service, "random access electronic home 
shopping". 

One year ago, the J.C. Penney Company 
announced that it had formed a subsidiary 

Telaction - to assess and develop a 
fully interactive electronic home shopping 
system (IEHS) for application to cable 
television. 

At the time of announcement, the 
system was described in a paper entitled 
"Selective Electronic Home Shopping", by 
this author. 

Over the ensuing 12 months, the 
system has been. subjected to the rigors of 
both environmental and system assurance 
testing to determine reliability. It has 
further undergone consumer field trials in 
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operational CATV systems to assess its 
suitability to the medium. The results of 
these tests, their implications, and a 
technical overview of IEHS architecture 
will be discussed. 

CAPABILITY 

Of the many and varied uses of 
interactive technology considered to date, 
none has the apparent potential for both 
revenue generation and subscriber 
satisfaction as that represented by 
electronic home shopping. However, if we 
are to exploit this potential to its 
fullest extent, an interactive electronic 
home shopping system must offer the user 
substantially improved functionality over 
systems previously available. 

Shopping systems currently in use 
rely upon a stimulus-response relationship 
between viewer and presenter. Items are 
displayed in serial fashion, relying on 
the presenter's ability to hold viewer 
attention until an item of interest is 
displayed. At that time, the viewer 
interacts by operating whatever response 
mechanism is at his disposal, thus 
consummating the transaction. 

The amount of time a purchaser must 
dedicate to a serial presentation varies 
over a wide range. To date, only limited 
progress has been made to refine the 
process by program segmentation. This, 
however, excludes the user looking for a 
cross section of products or services. 

To that end, programmers are offering 
a degree of choice, such as five sizes of 
an apparel item or four pay per view 
movies, etc. 

The limitation, however, remains that 
as choice and selectivity improve, so must 
the hardware complement at the user 
interface. Increases in intelligence 
and/or memory capacity at user stations 
necessary to provide a tangible increase 
in functionality remain substantial. 
Systems become costly and intrusive long 
before achieving a level of capability 
approaching random access. 



Of the interactive 
architectures available, those 
frequently encountered fall into 
four control categories: 

1. Polled-Real Time 
2. Store and Forward 
3. Hybrid Distributed 
4. Contention Based 

system 
most 

one of 

The selective use of a combination of 
these architectures with control and 
processiny highly centralized has been 
shown to yield a very large increase in 
selectivity with adequate response times 
under most operating conditions. The 
system imposes no user interface hardware 
and operates in real time. Access to 
potentially 50,000 items is fully 
random-interactive. 

A block diagram of the Telaction 
system is shown in Figure 1. 

Figure l 

The intent is to provide, through the 
cable television interconnect, the 
electronic analogue of a shopping mall, 
with functionality approaching that of a 
brick and mortar mall, i.e., random access 
to a cross section of stores; the ability 
to enter those stores and examine a cross 
section of products again, through random 
access; and finally, to optionally 
purchase products, store products for 
future purchase or simply examine products 
at leisure without the necessity of 
visiting a conventional brick and mortar 
store, free of the intervention of a sales 
person. When and if human intervention is 
desired, the shopper has at his/her 
command a simple bridge to customer 
service representatives from any of the 
stores participating in the "electronic 
mall". 

All of the capability described above 
is accessible through simple, touchtone 
strokes to cable subscribers at systems 
affiliated with Telaction. The system - a 
four year, sixty million dollar 
development effort, exists in hardware and 
is undergoing market introduction in the 
Chicago area. 

Technology notwithstanding, the 
implications of so powerful a service are, 
of course, enormous. 

Conceptually, the system operates as 
follows: 

The cable subscriber, tuning to the 
Telaction channel, will observe a "welcome 
screen". The screen, a still frame 
graphic, will advise him in lower 
one-third (1/3) script "to begin 
shopping dial the phone number". 

Following these instructions, the 
consumer removes the phone from its 
cradle, dials as instructed and within two 
seconds of closure a menu will appear on 
screen with its associated prompt. This 
menu will consist of product categories. 
Following the prompt, now reduced to 
touchtone keystrokes, the consumer may 
"navigate" the catalogue inventory of 
some 40 national and international 
stores, displayed in full NTSC video with 
aural accompaniment. This activity may 
now continue until such time as the 
consumer chooses to terminate the 
interaction by purchase, storag~, customer 
service bridge, or simply hanging up the 
telephone. 

Simply stated, the viewer need not be 
subjected to the rigors of computer 
operation or any sort of incremental 
hardware. Interaction is via telephone 
and television. Specifically, cable 
television. 

ARCHITECTURE 

Metropolitan Operating Center 

This level of interactivity, albeit 
with a far narrower range of products and 
services, has been achieved to date only 
through use of home personal computer or 
point of purchase (mall) kiosk devices. 
In order to deliver such functionality 
while limiting user hardware requirements 
to CATV and phone, transaction processing 
and control must be accomplished 
externally. This is provided on a 
regional scale through a facility known as 
a Telaction Metropolitan Operating Center. 

When an interactivity is initiated, 
i.e., a subscriber dials into the 
Telaction Network via the local toll, the 
call will be routed to the most local 
metropolitan operating center. 

Placement of 
telephone network 
acceptable levels 
be achieved. 

this center within the 
heirarchy is critical if 
of concurrent use are to 

Public switch convention at present 
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would preclude placing the sort of 
telephone management system (TMS) 
necessary to handle multiple-sequential
response interactivity at a cable system 
head end. 

r::1 ~ End offi<• L..::J (clou.S) 

Co:\ = Toll unter 'a (clou4) 

t::::\. = Primary center 

Q (clon31 

A = Sectional center 
~ (dau2) 

e lond•m offi<• 

0 = T~lephone ~et 
--- = Cuitomer loop 

- •- = lnteroflic.e ltunlt 

-------=Tandem trunk 

= Terminal trunk 
- - - - (toU·connecting trunk) 

=== = lntertoU trunk 

Figure 2 
A simplified telephone system 

A headend location would, in the vast 
majority of instances, be limited to 
end-office loop service to the subscribers 
it serves. The local loop would saturate 
far short of target levels for concurrent 
use. This sort of congestion has given 
rise to the widespread use of store and 
forward technology. A shopping system, 
however, must operate in real time. 
Consequently, MOC locations will be placed 
within access to toll grade service or 
greater. Traffic may then be diversified 
and concentrated on adequate trunk 
facilities. 

1,800 incoming lines appear at the 
input of the Chicago MOC telephone 
management system. Incoming traffic will 
process via ATT conversant telephone 
management system (TMS). Voice grade 
circuits will direct incoming calls at the 
Chicago metropolitan operating center from 
the telephone management system, to a host 
computer system for data entry and 
control. 

The host computer systems, in the 
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interest of reliability, are Tandem 
Systems VLX multiple processor mainframes, 
characterized by full redundant hardware. 

While essentially transaction process 
computers, the VLX systems are 
sufficiently fast to respond to the level 
of activity generated by electronic home 
shopping. A generally accepted measure of 
transaction processing power is the ET-1 
Benchmark. The ET-1 is an amalgam of 
various commonly encountered processing 
tasks such as banking transactions, in an 
effort to quantify the operations of a 
transaction. It is an arbitrary unit 
representing the rough equivalent of some 
1000 COBOL instructions. Relevant 
measures are cost and elapsed time. 

Each four processor Tandem VLX in the 
Telaction system is capable of 32 ET-1 
transactions per second. 

Our source limited input traffic of 
210 concurrent users each performing an 
average of one transaction every seven 
seconds yields a probable processor load 
of 30 ET-1/second. Of greatest 
importance, however, is the fundamental 
architecture of Tandem systems - complete 
hardware duplicity, each computer is a 
dual system, each running duplicate 
programs and interconnected in a failure 
deferral hierarchy. 

Simply stated, should a host computer 
experience a catastrophic failure in 
hardware, the system will sense the 
failure, shift output to the operable 
duplicate and continue running valid data, 
virtually undistributed. 

A system architecture characterized 
by its inherent ability to balance 
processor loading (Figure 3) is essential 
to orderly growth of the network. The 
Tandem system is capable of "bolt on" 
expansion to accommodate multiple 
processors. 

Figure 3 



Video Display Subsystem 

Following data base query as to the 
validity and identification of the 
incoming transaction, the host computer 
outputs a command to the video display 
subsystem. 

The video display subsystem consists 
of a video display unit, (VDU), an audio 
distribution unit (ADU), intelligent 
controllers; VBI, address inserter, and a 
nxl matrix switch, interconnected via high 
speed LAN. 

Video access 
well as multiple 
dynamic data such 
change. 

is random 
write to 

as graphics 

read only as 
accommodate 
or product 

The entire EHS system is 
characterized by the output of the VDS. 

The output, a series of television 
frames, are electronically conventional 
NTSC, 30 frames per second. 

The frames, however, are 
concatenated, i.e., each is an 
individually fetched and addressed slide, 
bearing no apparent relationship to the 
previous or subsequent frame, but instead 
lifted from a laser disk in response to 
user commands and multiplexed serially. 

This system 
for a very large 
without stressing 
linearity. 

of distribution allows 
transfer of information 

CATV system bandwidth or 

Each information display requires 
only as much system time as is needed to 
fetch, replay and address a single 1/30 
second NTSC frame. 

Electromechanical limitations of 
playback equipment when used in random 
access fashion require that some 
thirty-six (36) video players be dedicated 
to the task of fetching single frames to 
achieve a 30 FPS rate reliably. The video 
display system controller (VDSC) will 
memorize each stylus location among the 
thirty-six (36) players. It may then 
assign that available device who's most 
recent frame location most nearly accords 
with the subsequent frame request thereby 
limiting stylus travel time. Further 
efficiencies can be realized through 
placement of frames. If those images most 
frequently requested are concentrated at 
disk center and distributed outward 
according to frequency of use and 
affinity, stylus exclusions can be further 
limited. 

Some one-third (1/3) of all frames 
stored on disk for playback contain aural 

accompaniment. This can take the form of 
narration, music or product purchasing 
instructions. In all cases, audio is 
limited to less than forty (40) seconds of 
continuous output per frame of video. 

To achieve the same level of playback 
efficiency realized in playback of video, 
a time compression technique is employed 
for audio storage and retrieval. 

Audio is encoded and recorded onto 
individual video frames of the same laser 
disk used for video storage. The encoding 
technique used converts the analogue 
audio input to a format similar in 
waveform characteristics to NTSC video. 
Each such image is an analogue 
representation of audio sound, but is 
meaningless to view on a picture monitor. 
Instead, a digitally quantized sample of 
each ten (10) second audio segment is 
recorded during the active line period of 
the "video" frame, thus allowing a 300:1 
time compression of aural information 
without significant compromise of 
linearity or fidelity. 

Figure 4 
Laserdisk Format 

Audio is stored on disk adjacent to 
its accompanying video frame in the 
interest of retrieval speed. (Fig. 4) 

Audio Distribution Unit (ADU) 

Following retrieval from 
audio "frame" is routed to 
decoder. The audio decoder 
analogue to digital conversion 

disk, each 
the audio 

performs an 
of the time 
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compressed waveform. Digital to analogue 
conversion recovers the original 3.4 KHZ 
audio baseband signal for amplitude 
modulation upon a carrier in real-time. 
carriers are selected according to 
availability from 210 discrete frequencies 
available. 

Audio carrier distribution is via 
10.75 KHZ spaced frequency division 
multiple access (FDMA). Each carrier is 
synchronized with its associated video 
frame according to an addressing scheme 
described in a subsequent section of this 
paper. 

Network Configuration 

The Telaction system is characterized 
by an NTSC output of thirty (30) video 
frames per second transmitted in 
concatenated fashion for distributed 
storage. It is anticipated that each 
stored frame will be held by the viewer 
for an average of seven (7) seconds. This 
yields a need for real time audio 
accompaniment of 210 parallel audio 
channels. Additionally, addressing and 
variable text overlay information are 
consolidated into the composite video 
output. 

Transmission to affiliated cable 
systems is via terrestrial microwave or 
suitable !-Net. 

The recovered baseband signals are 
modulated on cable system trunk channels 
usually above viewable spectrum. Aural 
carriers distribution requires three (3) 
continuous megahertz of bandwidth. 
Signals are injected at -20 db video. 

Since trunk distribution will route 
the signals through the CATV plant, 
selectivity and conversion to subscriber 
usable format must take place externally. 

These functions are accomplished in 
an original engineering device known as 
the dual-node frame store unit (FSU). 

FRAME STORE UNITS 

While the system is designed to 
accommodate end user devices, such as 
dedicated set top frame store units, usage 
profiles encountered during field trials 
do not support this level of distribution. 

For example, if 75 percent of all 
basic subscribers served by the 120 home 
feeder access the Telaction system twice 
monthly for a twenty minute shopping 
session, this would average one hour and 
twenty minutes of system access per feeder 
population per day distributed over a 
thirty day period. This is not considered 
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an impediment to access. 

This same level of activity, 75 
percent of all basics, twice monthly, 
would require that each basic household 
have at least one dedicated FSU device 
installed. This would result in only two 
minutes of usage per device per day and is 
considered less than economically nominal 
hardware usage. 

Therefore, frame store units are 
designed for installation at off premise 
aerial or underground locations generally 
co-located with similar population to 
existing bridger amplifiers. This level 
of distribution optimizes hardware use 
while limiting access costs. 

Figure 5 

In its simplest form, the frame store 
system consists of a combination of 
circuit components that 1) recognizes a 
video frame addressed to it, stores that 
frame for subsequent transmission as a 
video signal to the subscriber addresses 
it serves, and 2) receives and transmits 
the audio signal related to the video 
image being transmitted. 
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The external appearance is similar to 
that of a conventional CATV trunk 
amplifier and should exhibit similar 
environmental immunity and RF radiation 
properties consistent with a single 
channel device. 

Input 

Two OUtputs 

Figure 7 

The circuit components include a dual 
audio receiver, a video demodulator, an 
analogue/digital converter, a digital 
frame store, a digital/analogue converter, 
a channel modulator, and a controller 
which reads and interprets the addressing 
information in the incoming vertical 
blanking interval and activates the other 
components as required. 

In its dual-node configuration, the 
FSU system (Figure 5), will accept an 
input signal, comprised of NTSC video and 
frequency divided multiple access (FDMA) 
audio. 

By virtue of address, the system will 
detect, A/D convert, discriminate, store, 
D/A convert, remodulate and amplify two 
specific video and associated audio 
"frames". Stored signals will appear 
simultaneously at two parallel feeder 
maker outputs of the FSU. 

Output video levels are continuously 
variable over a 20 db range, up to a 
maximum of +65 dbmv continuous. 

When a subscriber initiates a 
transaction call to the M.O.C., the 
requested frames are routed to and through 
the CATV trunk system. All frames appear 
at the input ports of all FSU's, and are 
selected by address for display by the FSU 
associated with the initiating subscriber. 

Audio is routed via frequency 
division multiple access technique 
throughout the trunk system as well. The 
appropriate carriers are selected for 
feeder distribution by address and 
modulated on subcarrier 4.5 MHZ above 
video by the targeted FSU. 

Simply stated, in the CATV trunk line 
a channel of concatenated frames, as well 
as narrow channel of FDMA audio, are 
routed. At the feeder level, those frames 

(A&V) requested by homes served by each 
feeder are selected by the FSU and routed 
only to that feeder. 

Each interaction taken by the 
subscriber results in an additional VDS 
subsystem output. Each will be 
discriminated by that subscriber's FSU for 
display. Telaction's design target for 
response time is two (2) seconds, from key 
stroke to video display at the drop. 

Since all frames distributed to and 
through each cable system will appear at 
the inputs of all frame store units in 
that system, the dual-node FSU will 
recognize, discriminate and redirect user 
specific frames determined by three 
message types appearing at its input. 

Message Type 00 

When an FSU is initially activated 
(or following a power outage), it will 
tune its input to a pre-selected default 
channel. It will detect a pre-determined 
vertical blanking interval (VBI) line in 
that channel. This control data will 
communicate and enable the FSU .to retune 
its input to that channel allocated as the 
channel of interest and containing the 
concatenated video frames. 

Additionally, 
the input audio 
enables the FSU 
accordingly. 

Message Type 01 

this address identifies 
band of interest and 
aural input to tune 

Once tuned to the video channel of 
interest, a series of FSU specific VBI 
messages will appear at its input. When 
the FSU detects and decodes an address 
match, it will capture the subsequent 
video frame and tune its audio input to 
the appropriate 10.75 KHZ FDMA audio 
carrier within the audio band of interest 
associated with that video frame. This 
message will also indicate which output 
modulator will receive the captured audio 
and video information for distribution to 
subscribers and that modulator's 
frequency. 

Message Type 11 

Under certain operating conditions, 
it may be necessary to change an FSU's 
channel configuration. In this instance, 
a type 11 message containing operational 
data will be acted upon only after being 
detected three times in succession. This 
capability is intended to provide improved 
subscriber access in instances of 
unusually heavy use. 

All messages employ 16 bit cyclic 

1988 NCTA Technical Papers-27 



redundancy (CRC-16) error detection. 

The frame store output carrier 
frequency is phase locked to its input and 
variable over a 20 db range. 

Spurious emissions at the FSU output 
will be at least 60 db below output levels 
in any 10 KHZ band from 5 to 550 MHZ. 

Output carrier frequencies can be any 
12.5 KHZ increment between 5 and 550 MHZ 
according to any commonly used protocol 
(HRC, IRC, STD). 

CONCLUSION 

The Telaction system is intended to 
provide an eminently practical interactive 
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system offering broad 
compatible with 
encountered CATV 
and imposes no user 
equipment. 

selectivity. It is 
all commonly 

system architectures 
intrusive incremental 

A contention basis was selected as an 
economically feasible method of providing 
this level of interactivity to all of a 
system's basic subscribers. 

Actual contention has been minimally 
encountered in feeder populations of 
between 60 and 240 households during field 
trials and is not considered an impediment 
to system use. Telaction's design target 
remains 86% availability during the peak 
traffic periods (busy hour) on a system 
basis. 



International Dimensions of Cable Television 

Patrick K. McDonough 

United Cable Television Corporation 

ABSTRACT 

This paper will discuss current 
activity in Cable TV in several countries 
in Western Europe and other areas. Based 
on the author's personal experience, the 
following topics will be included: 

* Current State of the Art of European 
Cable. 

* Differences in system configuration (ie. 
switched star in United Kingdom systems) 

* Technical comparison of European and 
American systems 

* Technical considerations for European 
applications. 

* European construction methods and 
approximate costs. 

* Labor and training requirements. 
* Operational considerations (importing, 

taxes, rate of exchange problems, 
billing systems). 

A discussion of the future potential of 
CATV in Europe will include recent develo
pments in DBS, HDTV and fiber applica
tions. 

CURRENT STATE OF THE ART 

The widespread use of Cable TV as a 
delivery medium is a relatively recent 
development in Europe. Cable has been 
available in some countries, such as 
Ireland, for many years but only in the 
past two years has Cable really become 
viable in most of the European area. The 
reasons behind this change are somewhat 
complex and can have an effect on the type 
of system which is required in a 
particular country. Whatever the motiva
tion behind the change, the fact is that 
Cable is becoming an increasingly visible 
medium in many areas around the world. 

Existing systems range from very small 
SMATV type applications to large city size 

systems with most of the bells and 
whistles associated with modern American 
plants. Systems carry anything from two or 
three channels up to forty. Newer plants 
are being designed with bandwidths of from 
450 to 860 MHz. European operators take 
full advantage of the technical advances 
which have been made in the u.s. and 
Canada over the past twenty years and 
managed to avoid a good number of the 
mistakes domestic Cable operators had to 
struggle with as CATV developed here. 
This, of course, is a tremendous 
advantage as new systems come on line and 
programming choices increase. 

An important consideration in any 
foreign country is the perception of 
television by the residents. It must be 
pointed out that in many countries TV has 
been a State owned or State controlled 
medium. Reception in a lot of nations has 
been limited to only one or two channels 
for many years. As a result, the people 
who live there do not always perceive a 
need for additional television programm
ing. Many times they cannot conceive of 
how they might be able to use more than a 
half dozen or so channels. Beyond this, 
there is a vast difference in the way 
Americans and Europeans use TV. Here in 
the U.s. we are conditioned to having a 
large number of channels twenty-four hours 
a day, even in areas not served by Cable. 
We are also quite used to being entertain
ed by television and most Americans also 
rely on TV as their primary source of 
news. In the main, though, it is the way 
TV is perceived as a method of recreation 
in America that sets us apart from Europe. 
European subscribers are, at first, a 
little stunned by the sheer number of 
programming choices they suddenly have 
after decades of having only one or two 
channels. They literally do not know how 
to take advantage of Cable. It thus 
becomes part of the operator's job to 
educate the subscribers in this regard. 

One of the most dramatic recent 
changes in the European situation is the 

1988 NCTA Technical Papers-297 



advent of satellite delivered programming. 
Similar to American Cable systems, the 
introduction of additional programming has 
been the key element in fostering the 
growth of Cable. For the first time, 
system operators can offer product beyond 
the available off-air channels and locally 
produced efforts. Further increases in 
satellite capacity are planned and the 
addition of still more channels will give 
another boost to Cable in Europe. 

To summarize the current situation in 
Europe, and other areas of the world as 
well, one would see a wide mix of old and 
new technologies operating in almost every 
imaginable configuration. Increases in 
available programming and the use of both 
American and Continental electronics has 
brought about changes which will drive the 
existing systems to become more like their 
American counterparts, in function if not 
in form. Cable in Europe can be compared 
to the industry as it existed in the 
States back in the early seventies, just 
on the verge of explosive growth in both 
system size and area coverage. 

SYSTEM CONFIGURATIONS 

There are three basic system 
configurations in use in the European 
plants. These are tree and branch, 
switched star and a variation of the 
switched star which is built in the star 
architecture but does not employ active 
switches at the node points. Again, 
government regulations have a great deal 
to do with the type of plant configuration 
which is employed in specific areas. 
Beyond this, the density of the housing 
and existing infra-structure are 
determining factors in how systems are 
designed and built. 

Some countries, most nocably the 
United Kingdom, actively promote the use 
of one configuration over another. The 
reasons for this can range from the 
pragmatic to a reliance on what outside 
"experts" have claimed to be the best 
system architecture. In the specific case 
of Great Britain, as an example, the story 
started with British Telecom (BT), the 
government owned telephone company. As 
part of a growing trend in Europe, the 
British decided to denationalize the phone 
company and let it compete on the free 
market as an independent entity. 

At the same time, however, the government 
decided that there was a need for 
something for the BT to compete with. 
Thus, they created a structure governing 
the development of alternate telecommuni
cations systems such as Cable TV. The idea 
behind all of this is to foster the growth 
of independent systems which can compete 
with the phone company and avoid monopoly 
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control of communications within the 
country. In their desire to promote 
alternatives to BT and to avoid the 
situation where only TV service is being 
offered, the governing rules are 
structured so as to promote the use of a 
switched star type system. The hope being 
that operators will eventually offer 
services other than just television such 
as telephony, data communications and so 
forth. The incentive for this is an eight 
year extension to the fifteen year 
license, or franchise, for operators who 
build and active, switched system. 

The switched star configuration, for those 
not familiar with it, is based on the use 
of neighborhood nodes which feed the 
subscribers. This is similar in 
configuration to the off-premise converter 
systems which have been tried in the 
States but with more capacity. Again, the 
intent of the regulators is to encourage 
the type of system architecture which will 
facilitate active telecommunications 
services beyond television delivery. 

Systems built in the star configuration, 
whether switched or not, offer a great 
deal of flexibility to the operator and 
can, if properly built and maintained, 
provide an extremely reliable plant. 

The other factors mentioned, density 
and existing infrastructure, also have a 
good deal to do with the final build 
structure. Densities in many areas of 
Europe are quite high when compared to the 
States. Homes passed on a per mile basis 
can often exceed three hundred and in some 
instances be in the neighborhood of one 
thousand or even more. It should be noted 
that per mile comparisons can be somewhat 
misleading in the cases where star 
configured plant is being used. Star 
systems have about thirty percent less 
active plant than tree and branch topology 
so per mile figures are skewed upwards. 
However, the fact remains that the overall 
densities are quite high when compared to 
most American systems. The star 
configuration is particularly well suited 
to very high density situations, 
especially when the vast majority of 
construction is extremely expensive 
underground build. For example, let us say 
we will install nodes so that, on average, 
there is one node per two blocks of 
houses. This can be visualized by 
imagining a capital H with the node at the 
center of the crossbar. The legs of the H 
represent the drops which run down the 
streets past the homes. In this 
configuration there is only one pedestal 
or cabinet, which houses the node 
equipment. The bulk of the plant is 
conduit for future drop feeds. There is no 
need to install taps and pedestals at many 
locations and expensive street crossings 
are minimized. There are problems with 



this approach too, subscrib~r . 
installations become more difficult and 
time consuming for instance, but ove~a~l 
the star configuration is a very effiCient 
method of serving high density areas. 

The existence or non-existence of 
usable conduit, the complexity and 
location of the other utilities and the 
accuracy of underground structure maps 
also contribute to the determination of 
how a plant is built. In most of the areas 
that this author has seen all of the 
services, electric, phone, gas, etc., have 
been one hundred percent underground. 
There are exceptions to this but they are 
rare and in any case, all new service is 
required to be underground anyway. Because 
the existing infra-structure has been in 
place for a very long time and has been 
rebuilt, modified and changed along the 
way, it is not unusual to find that there 
are no records which will allow the 
operator to determine exact locations for 
the existing services. In some instances 
this is complicated by the fact that many 
service feeds, even natural gas, are 
enclosed in plastic pipe which means metal 
detectors are useless for locating 
underground structure. It may be that the 
best an operator can do is determine that 
phone and power are both on one side of 
the street, in which case he can build on 
the other side. The location of the other 
utilities is even partially known, can be 
the deciding factor in determining where 
CATV facilities need to be placed and thus 
become the ultimate method of fixing on a 
system architecture. 

In other areas, notably, Sweden, the 
topography and demographics of the cities 
themselves will determine how a system 
must be constructed. Many Swedish cities 
consist of large areas of MDU's, sometimes 
three or four thousand units, separated by 
relatively small areas of single family 
dwellings. In these cases the structure of 
the system will be determined by the most 
efficient method of rea.ching the greatest 
number of passings, the MDU's and picking 
up the rest later. This can lead to plants 
with fairly long supertrunk runs followed 
by relatively short feeder systems 
supplying signal to a small area with a 
large number of dwelling units. This kind 
of layout falls naturally into a tree and 
branch type of design for the system 
backbone. 

The MDU's are fed from centralized 
splitter locations, a type of star 
configuration. Television drop wiring is 
in place in most of these large apartment 
buildings in internal conduit systems. The 
normal method of connecting the units is a 
loop system, where each unit is connected 
in series, rather than individual homerun 
type drops. This can impose limits on the 
options available to the operator to 
provide tiered service levels and/or pay 

channels. Because of government 
regulations requiring that each unit be 
able to receive the National channels, the 
operator is usually faced with providing a 
universal service to all dwellings 
programming as well. 

One other unusual aspect, at least to 
most American engineers, is the way 
systems are defined by layers or networks. 
The best analogy to describe this feature 
is to use typical U.s. terminology to 
illustrate the different plant categories. 
Typically, a European plant is described 
as being composed of three separate 
networks called D-1, D-2 and D-32, plus 
the headend and hubs. (In some areas the 
headend itself is considered a distinct 
layer of the system and supertrunk or 
other interconnect methods can constitute 
an additional layer. The most common 
description is for three layers). The D-1 
network is roughly analogous to the main 
trunk system in a U.S. system. The D-2 
network can be compared to the feeder 
system, and the D-3 net is the subscriber 
system. There are specific points 
identified as being the turnover spot 
between networks. The most important issue 
here is that in many countries, Sweden is a 
good example, the D-3 net is owned by the 
subscriber, not by the Cable operator. The 
operator is responsible for the signals 
only up to the point at which they are 
placed on the D-3 net. It is interesting 
to note that the subscribers usually have 
to pay for the D-3 net themselves. The 
fact that the subscribers (or apartment 
house owners) own the final part of the 
system is another limiting factor in Cable 
design in Europe. 

TECHNICAL COMPARISON OF EUROPEAN 
AND AMERICAN SYSTEMS 

There are very few countries outside 
of North and South America which use the 
NTSC system of television transmission. 
Most European and Middle East countries 
have adopted either the PAL (Phase 
Alternation Line) or SECAM (Sequential 
with Memory) systems. The PAL system 
utilizes 625 lines interlaced two to one 
at a rate of fifty fields per second. It 
uses a four to three aspect ration and the 
sound carrier is the same as NTSC. Most 
commonly, PAL signals are either seven or 
eight MHz wide, depending on frequency. 
PAL and SECAM systems differ mainly in the 
way color signals are processed. Both 
systems are alike in that they separate 
the chrominance and luminance information 
and transmit the chrominance information 
in the form of two color difference 
signals which are used to modulate a color 
sub-carrier which is transmitted within 
the bandwidth of the luminance signal. In 
the PAL way of doing thins, the phase of 
the color sub-carrier is chanqed from line 

1988 NCTA Technical Papers-299 



to line. This necessitates sending a line 
switching signal along with a color burst. 
In the SECAM system, the color subcarrier 
is frequency modulated, alternately, by 
the color difference signals. This also 
requires the inclusion of a line switching 
signal within the channel. Both of these 
systems produce picture quality which, as 
a rule, is superior to that of the NTSC 
signal. Signals in many areas also include 
teletext information in the vertical 
interval. 

The main difference as far as Cable is 
concerned is the wider bandwidths of 
European signals. As a general rule 
(although this is not entirely accurate) 
channels at lower frequencies, comparable 
to the VHF band, are 7 MHz wide. Higher 
frequency channels, UHF band, are 8 MHz 
wide. There are five bands of broadcast 
signals arranged to include both TV and FM 
radio signals. Band I goes from 41 to 68 
MHz, Band II from 87.5 to 100 MHZ (FM 
radio), Band III which goes from 582 to 
960 MHz. Cable systems utilize bandwidths 
starting at 40 to 50 MHz and extending to 
450 or 550 MHz. There are some cable 
systems which have been designed to 
operate up to 860 MHz but these are the 
exception. 

Both VHF and UHF frequencies are 
utilized for broadcast, although in Great 
Britain only UHF is allowed. Because there 
were, until recently, only a few channels 
available most of the older TV sets are 
limited in the number of channels they can 
receive through their tuners. Newer sets, 
made in the last five years or so, can 
receive more. 

The combination of UHF only reception 
and limited tuner capacity in the United 
Kingdom presents the Cable operator with 
the need to provide a UHF input signal to 
the receiver. In switched star systems 
this can be handled by either sending a 
low frequency UHF signal down the drop or 
by sending down a VHF signal and 
installing a VHF-UHF upconverter in the 
subscribers home. Systems which use 
converters must install an upconverter on 
the output of the box. The use of the 
upconverter is complicated by the fact the 
U.K. signals contain teletext information 
which must be delivered to the set in a 
usable state. The specifications of the 
upconverter are therefore fairly strict. 
The operators who have chosen to send UHF 
signals down the drop avoid the use of 
upconverters but find drop lengths limited 
by attenuation factors. This, in turn, can 
place restrictions on the node locations. 

System operating specifications are 
generally comparable to those dictated by 
good engineering practices here in the 
States. Composite Triple Beat and 
CrossModulation are usually expected to be 
in the -53 or -54 dB range. Carrier to 
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Nose is specified for a -44 to -46 ratio. 
Group delay, differential gain and 
differential phase, system response, hum 
modulation and other parameters are also 
very similar to u.s. standards. Some 
differences arise in radiation 
specifications, which tend to be a little 
stricter in Europe and in some specific 
areas such as port to port isolation in 
subscriber taps. Isolation requirements in 
some countries can place severe 
r~strictions on the tap values available 
to the system designer and complicate 
amplifier placement and levels. 

The other factor that must be 
included in considering the European 
systems is the layer or network 
distinctions. As noted above, the systems 
are often defined in specific networks. 
The operator must be aware that each 
portion of the network has its own related 
set of technical specifications. These 
standards are specific to each layer and 
are generally not additive. That is, the 
D-2 net is expected to meet certain 
criteria regardless of how the D-1 net is 
operating. The only point where a general 
set of spec's apply is at either the 
subscriber outlet or at the defined 
turnover point to the D-3 net. 

In general, European technical 
specifications are reasonable and a well 
engineered system will meet these 
standards easily. The fact that there are 
fewer channels carried, due to the higher 
bandwidth per channel, means that 
engineers can define system 
specifications to run at the high levels 
necessary to meet noise and isolation 
regulations without running into severe 
distortion effects usually associated with 
high level operation. From an overall, 
technical standpoint, the European 
systems, if built according to the 
standards, will compare quite favorably 
with those in America. 

TECHNICAL CONSIDERATIONS FOR 
EUROPEAN APPLICATIONS 

As in any system, here in the States 
or overseas, the principles of solid, well 
understood engineering practices apply. 
Systems should be designed so that the end 
user receives the highest possible quality 
picture available. There should be 
extremely little or no degredation present 
and the system, taken as a whole, must 
have a very high degree of reliability. 

European systems differ from their 
American counterparts in several areas. 
Governmental regulations apply one set of 
considerations to system design as noted 
previously. System topography, as dictated 
either by regulation or demographics, 
applies another layer of consideration. 
Local conditions, such as the UHF 
requirement in England, add yet another 



aspect to the whole situation. 

A good example of the type of 
complexity that can arise from a 
combination of all of these factors may be 
illustrated by looking in detail at a 
typical application in Sweden. The example 
area is a group of MDU's numbering 2,000 
units which will require about 4 km (2.5 
miles) of plant to feed all the buildings. 
Construction must be done underground and 
the headend will be located within the 
complex. In this area, as in many areas in 
Sweden, there are three off-air channels 
available, all of which are must carries. 
There are also several satellite channels 
available, ranging from Russian broadcast 
TV to a French language channel and a 
couple of English language channels. The 
apartment owners recently (within the last 
two or three years) rewired all of the 
apartments in accordance to the Swedish 
regulations. The internal wiring, the D-3 
net, is all looped from unit to unit with 
the feeds coming from the basement. 

The operator wants to offer a basic 
tier of service, consisting of the three 
must carry channels, to all of the units. 
He also wants to offer a second tier, an 
expanded basic level, to subscribers 
willing to pay for it and a movie service. 
The headend and earth station installation 
will be fairly straight forward and 
familiar processes. The first decision 
comes in deciding which trunk cable to 
use. Swedish standards call for these 
cables to have a copper outer conductor 
and a solid copper center conductor. The 
reason for this requirement is the feeling 
on the part of the authorities that copper 
cable will not corrode as much as aluminum 
cable will in similar circumstances. 

There are a number of cables 
available, commonly built in a fused disk 
construction. The next decision involves 
the routing of the D-1 and D-2 cables to 
feed the forty or so buildings in the 
complex. Strict attention must be paid to 
the spec's for each portion of the plant 
up to the point where it is turned over to 
the D-3 net. Most of this process is 
familiar CATV type engineering and design. 
However, once inside the buildings the 
differences become more significant. The 
typical subscriber outlet in use in Sweden 
contains an FM splitter so that there are 
actually two feeds into the apartment, one 
for TV and the other for radio. The drop, 
coming from the apartment or basement 
below, is connected to the outlet and then 
loops on the next apartment. Because of 
the FM trap it will be difficult to use an 
American type addressabl7 co~verter.whic~, 
typically, needs data wh1ch 1s carr1ed 1n 
the FM band, the data will have trapped 
out before it can reach the box. Likewise, 
traps present problems. Negative traps, 

which might be used to protect the upper 
tier and pay channel, can only be 
installed in the apartment itself, because 
of the loop system. Obviously, this is not 
the most secure situation to have. 
Positive traps could be used on the pay 
channels, but not for more than one or two 
because their size will soon become 
objectionable behind the set. The operator 
does not won the D-3 net so he cannot 
change the configuration to homerun and 
the owners will be reluctant to do so 
since they just rewired a few years ago. 
Since he must provide the three must carry 
channels to every unit the operator must 
find a way to secure his services without 
spending huge amounts of capital. One of 
the solutions to this dilemma is to use a 
modified addressable box which will 
receive data at a lower frequency. Another 
possible approach might be to use a 
combination of a block converter, for the 
expanded basic tier, and a positive trap 
for the pay channel. This last solution 
would certainly be viable and may 
represent the most economical approach but 
what happens when additional programming 
becomes available or the operator wants to 
try PPV? Again, the addressabl7 converter 
seems to be the best bet. The~1ssue of PPV 
also runs into complications. A two-way 
converter could be used, but the 
subscriber outlet again causes problems. 
This piece does not use F connectors, 
instead the connections, internally, are 
made with screw contacts on the center 
conductor and shield. 

These devices have higher losses and are 
more prone to ingress/egress than similar 
parts in America. This means that the 
return data may not have the strength to 
get back to the system at a reasonable 
level or in a non-corrupted state. Faced 
with this, the operator still has a couple 
of options available. He can rely on a 
phone-in type approach to PPV event 
ordering or use a phone return type of 
two-way converter. He might even consi~er 
a converter which can be downloaded w1th 
pre-paid credits which are used up .as 
events are watched. The problems, wh1le 
numerous, are not such that with a little 
ingenuity and thought cannot be overcome. 

CONSTRUCTION METHODS 

Most, if not all, of current CATV 
construction in Europe is underground. 
Actual construction methods are ve~y 
similar, as they must be, to those used 1n 
America. The use of concrete saws, 
trenchers and rock saws is common. In ~orne 
instances because of the uncerta1nty 
about oth~r utility locations or extreme 
congestion, hand digging is. 7m~loyed to 
minimize damage to other fac1l1t1es. 

construction in the streets is rare. 
Most of the underground in the U.K. for 
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instance is placed underneath the 
sidewalks in front of the dwellings. 
Density and traffic play a large role in 
the complexity of construction in. urb~n 
areas like London. A good deal of t1me 1s 
spent in cleari~g parked v~hicles, 
controlling pedestr1an and traff1c flow 
and maintaining a safe construction site. 
Local regulations can add to the 
complications. Some municipalities require 
that all the spoil removed from trenches 
be hauled off site. Trenches are then 
filled with a slurry mix and the sidewalks 
refinished. Restoration of the sidewalks 
can be quite complicated as well. Asphalt 
sidewalks merely need a hot asphalt fill, 
sometimes following a cold patch. 
Sidewalks which are made up of flagstones 
need to have a layer of sand put down and 
the paving blocks reset (or replaced if 
they have been damaged). Some sidewalks 
are made of concrete topped with a mastic 
coating. In these cases the concrete must 
be poured and, when ~ured, the ~a~ti~ must 
be redone. This requ1res hand f1n1sh1ng of 
the hot mastic substance and is not only 
time consuming but expensive as well. 

The age and density of the areas 
leads to a good deal of congestion in the 
underground plant. The lack of accurate 
records indicating utility locations, as 
noted earlier, can lead to incredibly 
complex coordination problems. Da~age to 
existing underground structure 1s not 
uncommon and must be considered as part of 
the cost of construction. 

The capital required to build plant 
is higher because of all of these factors. 
In relatively clean areas, costs should be 
in the neighborhood of $70,000 to $80,000 
per mile. Areas with extremely high 
density or unusually difficult 
construction can experience even higher 
costs. Because of the density, even very 
high per mile costs can translate into 
pretty reasonable costs on a per passing 
basis. 

LABOR AND TRAINING 

Because CATV is relatively new in 
most areas of Europe there is not a pool 
of experienced people to draw from to 
build, maintain or operate a system. There 
are a few people who have worked with 
earth stations, SMATV systems and who have 
done MDU w1r1ng but often they are 
unfamiliar with the stricter requirements 
of cable. European operators are basically 
starting from scratch in building up a 
work force. This includes all of the 
various job functions from installer to 
CSR to salesman to manager. 

The operator faces a 
regarding the makeup of workers. 
import experienced people or try 
local workers? The exclusive 

decision 
Should he 
and train 

use of 

302-1988 NCTA Technical Papers 

expatriots is often resented and can serve 
to the operator's disadvantage. On the 
other hand, trying to make a system 
successful with inexperienced people can 
also lead to severe problems. 

A system operator can use one of 
several courses to resolve this dilemma. 
The most obvious is to import a small 
number of experienced cable people and 
utilize their experience to train a local 
work force. This has the benefits of 
keeping overall costs down (it is very 
expensive to move people in Europe and 
keep them there) and building up a good 
community identity. Once local workers 
have been trained and have gained some 
practical experience they will be in high 
demand because of the scarcity of such 
personnel. Fair labor practices and good 
wagfes become a must to retain qualified 
people and avoid the costs of constant 
retraining. One other training method can 
be considered. This involves sending a 
small group of local people to the United 
States, or another country with a lot of 
cable systems, and having them train 
there. These people can then return and 
train others with the knowledge they have 
acquired. Either method practical and the 
approach used by an operator will depend 
on his resources and the timing involved 
for his situation. 

OPERATIONAL CONSIDERATIONS 

Doing business in Europe can be 
extremely complicated. There are numerous 
currencies to deal with, fluctuating rates 
of exchange and high taxes to deal with. 
Importing hardware from outside of any 
country is a complicated process with 
many potential pitfalls along the way. 
Operators must think in terms of twenty or 
forty foot containers of material and 
planning is necessary several months in 
advance to insure that needed equipment is 
received on schedule. Cost planning must 
take into account the import duties for 
each natiOn. Depending on the type of 
equipment being imported, and 
classifications vary from country to 
country even for the same gear, import 
duty can range anywhere from 15 to 150% of 
the value of the equipment. Naturally, the 
rates of exchange also affect this 
process. If possible an operator should 
attempt to lock in a rate of ex~hange for 
some period, such as a year or 18 months. 
The operator is also faced with starting 
up or somehow modifying existing billing 
systems for use in European systems. The 
whole area of computerized billing 
service, and addressability as well 
require a detailed analysis of local 
requirements. For instance, some people 
prefer to pay bills monthly by coupon at 
their bank (this is common in the U.K.). 
In other countries, quarterly or even 
annual billing is common. The operator 



must develop his own billing system, 
either by adapting existing software or 
writing the software himself (or. having 
this done for him). It may be poss1ble to 
contract with domestic u.s. companies who 
specialize in this area of business to 
rework their software and equipment to 
conform to European needs. 

Future Trends 

The future of CATV in Europe can be 
viewed from a number of standpoints. There 
appears to be a need for additional 
services in most areas but penetration 
levels, at least in some newer systems, 
are somewhat disappointing. This relates 
to the cultural differences in how TV 
itself is used and the subscriber's 
perception of the new services. The high 
density of many areas is a compelling 
reason to investigate European CATV but 
this must be balanced by realistic 
expectations in penetration and a full 
realization of high construction costs 
involved. 

Europe as a whole is much more 
interested in DBS than iSs the U.S. 
Several DBS satellites have been planned 
and at least one has been launched. DBS 
could pose a real threat to the 
development of CATV as could MMDS, 
potentially. The opinion of European 
operators is that the greater diversity 
and lower cost of cable will eventually 
prove tSo be the deciding factors. 

Newer technology, are also beginning 
to make themselves felt in Europe. France 
has done a tremendous amount of research 
and development in the area of fib~r 
optics plant. The end results of the1r 
experiences could affect future cable 
system configurations in a major. way. 
Likwise, the development of HDTV 1s of 
concern to operators. They will be faced 
with the same questions which now confront 
American CATV systems. What bandwidths 
will be needed to accomodate HDTV 
channels? How much will system technical 
criteria need to change ? Will shorter 
cascades be necessary? How will converters 
be adapted to handle the new signals? At 
the same time, HDTV could present 
additional revenue opportunities so the 
questions are all valid and require well 
thought out analysis very soon. 

To summarize, the European CATV scene is 
beginning to show signs of tremendous 
potential. However, optimism must be 
coupled with caution because of the risks 
involved. Europe is on the verge of 
explosive growth in CATV but competing 
technologies also have a window of 
opportunity which could negat~vely affect 
this potential. All in all, watching our 
European counterparts develop their 
systems should prove to be most 
interesting over the next several years. 
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KEEPING MAINTENANCE RECORDS 

Larry w. Richards 

Manager of Technical Services 
Magnavox CATV Systems Company 

ABSTRACT 

A preventative maintenance program 
requires adequate records to be 
succuessful. Keeping records can save 
your system money and can be 
accomplished with existing personnel. 
Intended for those involved in the 
management of cable systems, this paper 
discusses why records are important, 
lists six ground rules to be aware of 
before beginning a record keeping 
program, and presents a three-tiered 
system of record keeping for trunk lines 
that can be adapted to meet the needs of 
most any system. Sample forms are 
included for you to use in your own 
system. 

INTRODUCTION 

Is your cable system benefiting 
from a preventative maintenance program 
that uses a solid base of records to 
plan work? If so, congratulations; you 
are ahead in one of the toughest battles 
facing us in the cable industry. If, 
however, preventative maintenance and 
its associated recording tasks are 
things you support in theory but find 
impossible to fit into daily practice, 
take comfort in knowing you are not 
alone. 

Why is it that few cable systems 
manage to run a successful on-going 
preventative maintenance program? 
Certainly, most systems possess the 
tecnical know-how and test equipment 
necessary to mount a successful 
campaign. What, then, gets in the way? 
Often, keeping system records is a large 
stumbling block that trips-up 
preventative maintenance efforts. 
Records are a mandatory component of any 
preventative maintenance program. 
Without records, it is impossible to 
spot and correct potential system 

problems before they become serious. In 
other words, without adequate records 
the most genuine effort at preventati~e 
maintenance is doomed to failure. 

What is the current overall state 
of the records kept at many systems 
today? Often poor and usually not too 
helpful, according to the five field 
engineers who work with me. 

Just opinions you might say, but 
opini~ns worth listening to. Together, 
the s1x of us have a combined total of 
89 years experience in the cable 
industry, and in our jobs we t~avel 
around the world visiting a total of 
about 175 systems each year. On the 
main points we all agree: Most systems 
do not keep adequate records. Some 
systems do not even keep any records. 
Many systems that do try to keep 
records, fail to record "useful" 
information or fail to turn to the 
records when they might be helpful. 

WHY BOTHER? 

No one would say they were just 
plain opposed to maintaining system 
records. It is fitting this activity 
into busy schedules already filled 
meeting immediate demands that creates 
the problem. Many would agree that in 
their day-to-day system activities 
keeping records is on the bottom of the 
priority list. It may even be 
considered something to do "in your 
spare time." Do many of your employees 
have spare time? So, why should you, as 
part of your system's management team, 
bother to make record-keeping a genuine 
priority on your system's daily to-do 
list? There are a few reasons. 
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To Meet Government Requirements 

Requirements set by the FCC and 
other regulatory boards governing system 
performance are becoming tighter. 
Stricter monitoring requirements of 
cumulative Leakage Index is one 
example. Keeping and using records will 
decrease your chances of not meeting 
regulations. And if you should fall 
short of the standards, complete and 
accurate records will probably make you 
able to locate and correct the problem 
more quickly. In addition, if your 
system's performance does not measure 
up, records that document your regular 
efforts to meet requirements are 
convincing proof that you are doing all 
you can to meet the parameters 
established by the regulatory boards. 

To Retain Subscribers 

Subscriber requirements have also 
gotten tougher. other affordable 
substitutes for the entertainment 
service you offer--VCRs and home 
satellite dishes--are real options to 
which unhappy subscribers can turn. And 
once they have been disconnected chances 
are these subs will not return. 

Other members of your client base 
are even more demanding. Local Area and 
Information Networks will not tolerate 
degradations in signal quality, let 
alone a complete outage; burglar alarms 
and medical alert services depend upon a 
coaxial system that can consistently 
provide high-quality signals. 

To save Money 

Efficient use of staff, equipment, 
and inventory costs you less. A good 
base of records will make it possible 
for you to plan maintenance work when it 
is most economical and convenient for 
you and decrease the number of 
un-planned, expensive, emergency calls. 
Further, when you can control the time 
and conditions under which repairs are 
performed, the quality of the work will 
improve. You will have fewer follow-up 
visits, fewer truck rolls overall, and 
less unscheduled overtime to pay. 
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ESTABLISHING THE GROUND RULES 

If you are ready to seriously 
consider making a genuine effort at 
keeping system records, read on. This 
paper offers some practical suggestions 
about the types of records you probably 
need to keep and suggests procedures to 
help you maintain these records. 

To start us off on common ground, I 
have listed six strongly-held beliefs 
upon which my program of record keeping 
is based. 

1. Any cable system that wants to make 
a profit and stay in business must 
be performing not only the 
maintenance necessary to keep the 
cable system going, but it must also 
be performing preventative 
maintenance. The entire 
record-keeping system exists to 
track both "trouble call" and PM 
work , with a goal of reducing the 
number of trouble calls. 

2. You must be keeping records for a 
practical purpose: to use as a 
tool. State-of-the-art test 
equipment is only valuable to you 
when it can be applied in your 
system to help you accomplish your 
goals. The same is true of system 
records. They only have value if 
you can use them. Keep this in mind 
when establishing your 
recording-keeping system. Think of 
the types of information that would 
help you attack your problems, and 
then make up forms that ensure that 
the information gathered will be 
useful to you and that it is 
gathered in groupings convenient for 
your use. 

3. A sincere committment to 
preventative maintenance and record 
keeping must be felt throughout your 
organization. You must truly see 
benefits for yourself and each 
member of your staff asked to 
participate or you will receive a 
half-hearted effort at best. To be 
successful, you need system-wide 
support. If you clearly do not have 
support or question your ability to 
whip-up support, save your time, 
energy, and money. Why set yourself 
up for failure? 



Be sure you have the type of support 
that will manifest itself in 
actions. Can you make your 
subordinates allocate time to record 
keeping and check on the quality of 
the records they keep? Will your 
superiors say they support a 
maintenance/record keeping program, 
but then unconsciously undermine it 
by making staff assigned to 
maintenance/recording tasks abandon 
their work to add a new drop at the 
mayor's house or clean up around the 
office? Unfortunately, it happens. 

Force yourself to maintain and use 
the records. If you do not intend 
to regularly examine and record the 
activities in your system, again 
stop reading now. A beautifully 
bound set of perfect sweep sheets 
never updated or never referred to 
is useless. In fact, if this is the 
case, you threw away money by paying 
a qualified technician to generate 
them in the first place. 

Would you ever approve a cash outlay 
to acquire a piece of test equipment 
you had no intention of using? 
Would you invest in a piece of test 
equipment and never maintain it? 
Learn to look at your system records 
like another piece of test 
equipment. Do not make the intial 
investment unless you intend to use 
the records, and once the investment 
is made, be prepared to meet the 
demands of record up-keep. 

System records can be maintained 
without increasing staff--if a 
system is appropriately staffed to 
begin with and if that staff is 
wisely allocated. Many people find 
this hard to believe, but it is 
true. Granted there will be an 
uncomfortable month or maybe even 
two at the beginning when you are 
still receiving enough trouble calls 
to keep your staff completely 
occupied and feel you cannot afford 
to "waste" time on maintenance and 
record keeping activities. But if 
you set aside a fixed percentage of 
each day for maintenancejrecording 
tasks, in about a month you will see 
the number of trouble calls 
decrease. 

Don't believe it? A program designed 
and implemented by Jones Intercable 
in 1984 at a system in Castro Valley 

reduced monthly service calls by 20% 
(from about 360 calls to 290 calls) 
in just several months. This 
reduction in service calls saved the 
system an estimated $21,000 annually 
and was accomplished without adding 
new employees.[!] 

Regardless of system size some 
version of the basic three-tiered 
approach to record keeping for the 
trunk line described in this paper 
can be adapted to fit the needs of 
most systems. 

A BASIC PLAN FOR TRUNK LINE 
RECORD KEEPING 

Certainly you will benefit from 
keeping records on all the segments of 
your system (headend, feeder lines, 
trunk lines). However, to make this 
discussion managable, I have focused on 
a basic framework for maintaining 
records on just the trunk lin~ of a 
cable system. 

Although it is not mandatory, I 
strongly suggest that if possible you 
gather and store your system data on a 
computer. A simple personal computer 
and any software package that allows you 
to build up a data base and sort it 
according to different variables that 
you can name--like model numbers, 
attenuator values, or fault codes--will 
help you get the most mileage from your 
records. For example, sorting your data 
base by outage codes allows you to 
easily generate a report delineating the 
amount of down-time for any given time 
period. Of course this information 
could still be gathered using a manual 
method of record keeping, a computer 
just makes it possible to complete the 
task more efficiently. 

With or without a computer, you 
should keep a master hard-copy of your 
records. The master copy should never 
leave your office, so I suggest you 
compile your master in binders that can 
be opened and closed. This way when a 
technician needs to take a copy of the 
record into the field, he can take a 
photcopy. 
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No matter how large or small your 
cable system, the key person involved in 
the record keeping system is the 
individual in charge of the cable 
plant's technical performance. This 
person will develop, institute, and 
oversee the maintenance program and its 
associated record keeping activities. 
This does not mean that he will have to 
generate and maintain all of the records 
personally. He will, however, have to 
determine who should be recording what, 
ensure that the approproiate recording 
is completed, and analyze the results to 
plan future maintnenace work. 

At a minimum, you should be 
maintaining three types of records on 
your system's trunk line: 1) sweep 
sheets including proof-of-performance 
records 2) location logs, and 3) serial 
number logs. 

Where to Begin 

If you are fortunate enough to be 
developing the records for a new system 
or re-build, you can start with the 
sys~em maps and accurate measurements of 
equ1pment performance taken at initial 
bench inspection and at initial 
installation. 

If you are starting with existing 
records that are inaccurate and 
inconsistent, do not despair. Break the 
j~b down into managable bites. Begin 
w1th your backbone trunk line. Update 
this line on your map, and be prepared 
to keep your map up-to-date. You will 
be working to create "as-built" maps a 
section at a time. ' 

Sweep Sheets 

Generate your sweep sheets first. 
A sample sweep sheet is shown in 
Figure 1. Each sweep sheet records the 
performance of a freshly-swept loaded 
mainstation at a particular location in 
your system. When pulled together these 
sheets provide you with all the ' 
pertinent information you need on the 
daily operation of your system. In the 
future as work is performed at a 
mainstation, its performance should 
mat~h that recorded on the sweep sheet. 
Hav1ng a clear record of the necessary 
performance to match is helpful, since 
the desired performance for each 
mainstation will vary. Being abl~ to 
compare changed values to the original 
values for particuilar specifications 
can tip you off that a problem is 
developing before service is actually 
affected. 
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. Regularly matching the performance 
l1sted on the sweep sheets will lenghten 
the life of your sweep. A sweep should 
last about one year. A crew dedicated 
to sweeping and collecting this 
~nformation should be regularly working 
1ts way through your system. Establish 
a schedule to spread your sweeps out 
evenly over the year. 

On each sweep sheet, include the 
installation date and ambient 
temperature at the time of 
installation. List the model number, 
model name, and serial number of every 
component in the mainstation. Include 
the number used to identify the location 
of this mainstation on your maps along 
with a street location. Record any 
pertinent information about each 
individual module in the station. For 
example, model number and value of any 
plug-ins installed. For the trunk 
amplifier, be sure to include input and 
output levels, reserve slope and gain 
range, peak-to-valley, and a response 
picture. Also record bridger module 
output levels along with the number of 
feeder lines served, number of feeder 
lines fused, and number of line 
extenders served. You will also find a 
record of the AC input voltage to the 
mainstation's power supply and the DC 
output voltage it creates useful. 
Finally, don't forget to include the 
location of the line power supply 
feeding this mainstation. 

Along with sweep sheets, you should 
keep a proof-of-performance record for 
each trunk line. A sample 
proof-of-performance record is shown in 
Figure 2. This record helps you monitor 
trunk lines between sweeps by 
documenting the end-of-line performance 
once each month at various locations 
throughout the system. Establish 
several key test spots in your system, 
and once each month measure and record 
the composite-triple-beat, 
carrier-to-noise, and 
composite-second-order figures for each 
test location. Also, photograph the 
response at each test location. Like 
the individual sweep sheets, these 
proof-of-performance records can 
indicate potential trouble before it 
erupts. 

This may seem like a lot of 
i~formation, and it is. But taking the 
t1me to gather it all in one book now 
will save you time and money later 
since it is cheaper, faster, and e~sier, 
to look through your sweep sheets than 
it is to send your crews out to open up 
mainstations. 



Location LOg 

You will also need to establish and 
maintain a location log. This record 
enables you to develop a picture of 
performance at a particular location 
over time. Tracking and recording 
performance trends in this manner helps 
you spot problems specifically linked to 
location. Again, this record need not 
be elaborate to be useful; your location 
log can have just two columns: date and 
events. All you want to know is 
specifically what is happening at each 
manistation and when the events occur. 
For example, frequently struck poles or 
"killer locations" frequently affected 
by electrical storms become apparent in 
this log. Knowing that location and not 
equipment is the cause of a problem can 
save you a great deal of wasted time 
servicing amplifiers that are not at 
fault. 

Useful information for your 
location log is probably already being 
generated in your system through "Outage 
Report Forms" and "Trouble Call Report 
Forms." Make use of these documents by 
requiring that they all be submitted to 
the person in charge of your record 
keeping system. This individual should 
read each form and then add it to his 
permanent records in the location log. 

Further, I suggest that all staff 
members be coached on how to make 
meaningful comments on their reports. 
Meaningful does not necessarily mean 
long or formal. But a note that says 
"trunk amp broken" is not worth the 
effort it took to write. More useful 
comments would list specific symptoms, 
the on-the-spot diagnosis, the action 
taken, and the result of that action. 
For example, "trunk amp broken" could be 
replaced with "low output;correct input 
levels;could't adjust for proper output; 
customer complaint-picture distortion." 
This note gives you much more to go on 
when diagnosing a problem. 

Serial Number Log 

Finally, you will want to develop a 
separate record tracking the performance 
of individual plug-in components that 
are being moved about in your system. 
The serial number log is your mechanism 
for doing this. 

The first time a module is removed 
from your system because of a problem, 
that module should be added to your 
serial number log. Individual entries 
here are arranged by serial number and 
will tell you the module's previous 
location, date of removal, and reason 
for removal. 

Then, when the module is examined 
and worked-on you should document its 
performance on such characteristics as 
composite-triple-beat, 
composite-second-order, cross 
modulation, and noise factor. Plots of 
the unit's frequency response and 
input;output return loss should also be 
included. A sample serial number record 
is provided in Figure 3. 

Taking, recording, and examining 
these measurements ensures that the 
modules going back into your system meet 
factory specifications. For example, if 
a module is repaired with inferior 
substitute parts causing its performance 
to be degraded, you will see the 
degradation in your serial n~er log. 
And you will see it before the degraded 
module is re-introduced into your 
system. Monitoring the performance of 
the components in your system is an 
effective way to ensure your entire 
system operates to specification. 

In addition, the serial number log 
helps you isolate modules with 
intermittent problems. Say, for 
example, that a module is removed from 
your system because of low gain. You 
should immediately turn to your serial 
number log. If no page exists for this 
particular serial number, then you know 
it has not been considered a problem 
source in the past. Proceed by adding 
the module to your log; then having the 
module examined. If, however, a page 
does exist on this serial number, take a 
few minutes to look over the existing 
entries. If previous entries list that 
this module has been examined twice 
before for the same problem and both 
times checked-out fine, you can conclude 
that the problem is intermittent, and 
you can adjust your testing and repair 
practices accordingly. Cycling modules 
with intermittent problems throughout 
your system is expensive; the serial 
number log helps you work to reduce this 
expense. 
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If you make entries to the serial 
number log each time a piece leaves and 
re-enters your system you will also 
develop an accurate account of how 
particular models perform over time. 
You can use the unit degradation you 
have tracked to project reasonable 
system degradation to expect, and then 
plan maintenance and upgrade work 
accordingly. 

CONCLUSION 

Maintaining accurate system records 
makes it possible for you to run your 
system, rather than having your system 
run you. If you are willing and 
courageous enough to deem preventative 
maintenance and record keeping "real" 
and worthy work in your system you will 
enjoy many rewards. You will have fewer 
expensive fires to fight and instead be 
able to intelligently schedule work that 
heads-off problems before they occur. 
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Like the saying goes, those who do 
not examine the past are doomed to 
repeat it. Why choose to repeat old 
problems? Record your system's history; 
study it; then take action so that old 
problems do not return. 
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Mainstation Sweep Sheet 
System: Date: 

Franchise Ambient Temperature: 

Amplifier #: Map# 

Location: Cascade 

Voltage AC ____ Power Direction In Out Thru 

Voltage DC Power Program Card Lo Med Hi 

Location of Une Power Supply feeding main station 

Trunk Trunk Bridger 
Test Input Level Output Level Output Level 
Channels (dBmV) (dBmV) (dBmV) 

--- --- ---- ----
--- --- ---- ----

Pad Equalizer Response Equalizer 

Slope ___ dB Up dB Down 

Reserve Range 
Gain ___ dB Up dB Down 

~~nkModule AGC/ASC Module Bridger Module Return Module Power Supply__.,_ 
rial Number Serial Number Serial Number Serial Number Serial Number ___ 

Chassis Model/Serial Number I Housing Model 

Bridger Splitter 
model name/number 

Number of line extenders 
the mainstation serves ---
Number of lfeeder lines served ----
Check Ieeder ports fused 1 2 3 4 

Place PN Photo 
Here 

Peak-to-Valley dB 

Technician's Signature 

Figure 1. Sample Sweep Sheet Form 
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System End-of-Line Performance Sheet 

System Amplifier Serial Number Date 

Amplifier Map Number Time 
Amplifier Model No. & Name 

Amplifier Location Temperature 

(~line extender, note number In cascade.) 

Input Levels Output Levels 

Low Ban CH dB Low Ban CH dB 

Mid Ban CH dB Mid Ban CH dB 

High Ban CH dB High Ban CH dB 

Super Ban CH dB Super Ban CH dB 

Hyper Ban CH dB Hyper Ban CH dB 

(Place an asterisk next to channels used as pilots.) 

Flatness Photo 

Distortion Report 

Low Ban Mid Ban High Ban Super Ban Hyper Ban 

Measured Frequency 

Carrier/Noise 

Composite-Triple-Beat 

Carrier/Cross Mod 

Figure 2. Sample Proof-of-Performance Record Form 
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AMPLIFIER ANALYSIS SHEET 

Model No. 6-T450 Trunk Amplifier 
Serial No. 1232488 

dB 

27.0 

26.8 

26.6 

26.4 

26.2 

26.0 

25.8 

25.6 

25.4 

dB 

-16.0 

-16.5 

-17.0 

I 

1 
I 

,, 

Frequency Response 

-1"---

I'-.._ 

90 180 270 

Input and Output Return Loss 

-

3!)0 

/ 
-17.5 -- .-· 1-·-. / 

-18.0 

-18.5 

-19.0 

-19.5 

~ 
/{ 

// 
\_ / / 
':"-' i _1_ 

CTB* 
CSO* 
XMOD* 
NF** 

90 

CH2 
75 

82 
72 

7.5 

. -·- --- ............_ 
X . 

180 270 

Distortion Report 

CH13 CHR CHHH 
69 67 65 
81 81 78 

78 70 72 

6.3 6.1 5.9 

*Test performed with 6 dB slope and 45 dBmVoutput. 
**Test performed at operational gain. 

"· / \. 
~· 

360 

CHWW 
63 
74 

73 
6.0 

Figure 3. Sample Serial Number Record 

Date 3/8/88 

/ 
/ 

4 50 MHZ 

/ 
/' 

--1/P RL 

- -0/P RL 

450 MHZ 
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LAUNCHING A SIAIEWIDE ANI PASSING IMPULSE PPV SYSTEM 

David A. Woodcock 

Di~ectar of Engineering 
Centel Cable Television Ca. 

of Michigan 

81SIRACI 

Pay-Per-View is an important source 
of revenue far the cable television 
industry. The challenge is in launching 
this new service in a customer-friendly 
manner aver a wide varietw or system 
architectures. 

The answer can be found by taking 
advantage of an existing customer accepted 
technologies: the telephone, 52% of the 
homes in America have an in-home 
telephone; this with the cable television 
industry's use or addressable converters, 
provides the solution, 

Bath of these existing technologies, 
the telephone and the addressable 
converter, can be merged together an a 
statewide basis to became a law cast and 
reliable means of implementing a statewide 
ANI based IPPV network. 

INTRQDUCJIQN 

IPPV hoe gained wide acceptance ae a 
valuable source of revenue far the cable 
television industry. Of the varietw of 
transaction technologies available, ANI 
hoe proven to be one of the mast customer 
friendly and economical approaches to 
impulse order taking. ANI can be used with 
either ratarw or touch tone telephones and 
requires no additional in-home hardware. A 
PPV event ie ordered by the subscriber 
viewing the barker channel, which has a 
list or events available and the times 
thew are shown. Once a selection hoe 
been made, the corresponding telephone 
number ie dialed. After the automated 
nthank wau" response, the subscriber hangs 
up without having to speak to anyone or 
enter additional digits. Total off-hook 
time lese than fifteen seconds. 
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Larrw K. Moreland 

Manager CATV/CS£ 
Zenith Cable Products Division 

Zenith Electronics Carp. 

The ANI baaed IPPV viability has been 
proven on the system level in the Centel 
Traverse City , Michigan system. The next 
logical step would be to implement a 
network that would link multiple systems 
together. The basics of haw an ANI ewetem 
works and network design considerations 
will be covered. Among the factors 
discussed are: 

• 
• 
• 
• 
• 
• 

Telco Switch consideration 
Peak ewetem loading 
Throughput and trunk requirements 
Interfacing with the billing system 
Remote scheduling of controllers 
Network design considerations 

Experience gained through the 
ape~atian of an ANI passing IPPV ewetem 
since Maw 1, 1986, will be discussed, 
along with other nan-traditional means of 
gathering ANI information. 

ANI OVERVIEW 

Automatic Number Identification CANIJ 
hoe been in use in the telephone induetrw 
far manw years. It's main use hoe been in 
the identification of subscribers placing 
a call far automatic billing purposes in 
BOO and SOO prefix applications. 

The ANI information originates from 
the local telephone switching center or 
switch where each telephone subscriber 
hoe hie awn individual pair of wires 
connected. The switch recognizes when a 
subscriber picks up hie phone and waite 
far the dialed digits to route the call to 
the appropriate equipment. 

In an ANI passing system, 
same software modifications called 
translations, are made to the switch sa 
that the PPV call is routed differently. 
These modifications allow the call to be 
placed an a different set of trunks that 
route the call outside, and thus 



Orders 
ANI Phone " ~nd Event " 

1.2 to 19.2 Kboud 

Authorize. ttons 

R 

" s 

Author-lz~ tlons 

p 
0 
n 
s 

" 

FIGURE 1 

b~passing, the normal talco switching 
equipment, and direct!~ connecting to the 
Science D~namics Multi-Access Cable 
Billing S~stem CMACBSJ. A simplified block 
diagram is shown in Figure 11. 

The routing of the call out of the 
normal talco network is an important 
factor. This means the talco network is 
not subject to peak loading, that could 
overload or crash the local switch 
network, should a high volume of calls 
occur in a short period of time. 

When the PPV call reaches the MACBS, 
it is held in a buffer while the MACBS 
requests the calling number or ANI from 
the originating switch. Once the ANI has 
been received, both the called number 
Cidentif~ing to the eventJ and the calling 
number Cidentif~ing the subscriber) are 
sent in an as~nchronous ASCII data packet, 
via a modem to the CATV compan~. When 

MSD 
A 

CONCENTRATOR 
AND MACBS 

FIGURE 2 
TRUNKS 

verification has been received that the 
modem at the CATV compan~ is available to 
accept the order, a response is given to 
the calling subscriber. The response is 
a digital!~ s~nthesized message, thanking 
the caller for the order and requesting 
the caller to please hang up. 

NETWORKING SWITCHES 

The first step in designing a ANI 
passing IPPV network is determining which 
switches are involved. This is best 
assessed through a list of the number of 
subscribers b~ prefix or NNX ~au wish 
served. 

The list will indicate to the tele
phone compan~ which switches are involved 
and the probable call volume that will be 
processed, The telephone compan~ will then 
design a network that will link the 
switches together into one or more MACBS. 

0 

TELCO S'w'ITCHES 
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This is most commonl~ done th~ough a 
aeries a~ ANI sen~ing trunks called TSPS 
trunks, links~ together into a Tandem 
computer, acting as a concentrator. The 
output a~ the Tandem will be trunks~ in 
to the MACBS as shown in Figure •e . 

The number at trunks nee~e~ to link 
the switches into the MACBS is ~epen~ent 
on three ~actors: 

• the call volume 
• the peak loading 
• the hol~ing time pe~ trunk 

Man~ a~ the newer electronic an~ 
digital switches can be fairl~ easil~ 
converted to pass the ANI to the MACBS b~ 
entering new translations. The ol~er 
electro-mechanical switch ma~ require 
ph~sical re-wiring but in some cases even 
i~ rewire~ ma~ not be capable or ANI 
passing. 

The telephone compan~ is the onl~ 
one who can determine what equipment 
changes and networking is require~. Dnl~ 
after a timetable has been given can the 
true potential of an ANI network be 
explored. 

PRIUAIE BRANCH EXCHANGES 

Man~ organizations toda~ are using 
their own internal telephone exchange 
or private branch exchange CPBXJ. The PBX 
can route calls within the organization to 
ather extensions, as well as connect them 
ta the public telephone network, to place 
outgoing calls. 

When an outgoing call is ~iale~. the 
PBX will select one af a group of trunks 
that connects the caller to the public 
telephone network. This ran~am selection 
at outgoing trunks created a problem for 
an ANI sijstem, since the ANI waul~ anl~ 
i~entif~ the trunk group. To identif~ the 
specific phone or customer in the PBX 
network that place~ the request, an 
additional identifier needed to be added. 

For the hotel industr~ using an 
in-house PBX, a separate Barker Channel 
would be needed to re~lect the PBX PPU 
order number and the increased cast of the 
event. 

When the PBX order number is dialed, 
the MACBS will route the call through a 
sepa~ate inter~ace. A voice response will 
request the customer to ante~ their PPU 
number an their touch-tone phone. The 
MACBS will respond back, repeating the PPU 
number and requesting the~ press .the star 
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t•J ke~ i~ the number was correct or the 
paun~ c•l ke~ if the number was incorrect. 

I~ the star c•J ke~ is pressed the 
MACBS will thank the customer and request 
the~ hang up. A pound c•J ke~ entr~ will 
request the~ ~a-enter the number again. 

The ANI indicates the trunk group 
~or the MACBS, which in turn translates 
the prefix of the calling number into the 
identit~ of the hotel, along with its 
four digit PPU number. This in~armation 

would then be processed in the controller 
in the same manner as a standard ANI data 
packet and authorizes the descrambler for 
the requested event. 

The PBX in the hotel would note the 
PPU order number in much the same wa~ as 
it handles long distance in room calls. 
A translation would be entered into the 
PBX sa the proper charge and description 
would be noted on the guests ~cam bill. 

Once each month, the cable campan~ 
would send the hotel a bill, with backup 
a~ each transaction, ~or the bu~s made 
during the month. This same scenario 
could be used ~or an~ PBX application to 
gather the ANI identification. 

NETWORK THROUGHPUT 

The throughput of an ANI network or 
the number of transactions a network can 
process, is determined b~: 

• 
• 
• 
• 

number a~ trunks 
holding time per trunk 
peak loading 
controller processing capabilit~ 

To same extent peak loading is 
influenced b~ the length of the order 
ant~~ window, customer ~amiliarit~, 
confidence in the s~stem, and the 
papularit~ a~ the events. 
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The first order antr~ window Cantal 
used was ~S minutes prior to the start at 
the avant. Six months after the s~stam 
was launched, a peak loading stud~ was 
dana sea Figura 3. The findings revealed a 
mara laval ordering pattern than 
expected. We also found that 18% of tha 
subscribers triad to place an order after 
the avant started. With this in mind, we 
extended the order antr~ window to 
include the first 15 minutes of the avant. 

Between December 17, 1987, and 
Fabruar~ 11, 1988, a second peak loading 
stud~ was dana sea Figura ~. This stud~ 
demonstrated a substantial increase in 
orders just before the avant, which we 
attributed to the customer's increased 
confidence and familiarit~ with the ANI 
order antr~ s~stam. 

Throughput of the MACBS is 
proportional to the number of trunks 
that terminate into it and the holding 
time that each customer remains an line 
during a transaction. The holding time is 
affected b~ the length of the audio 
response given the customer. Wa prasantl~ 

usa "Your order has bean accepted. Thank 
~au. Please hang up". This massage results 
in an average of 16.5 seconds of holding 
time per trunk, or 3.6 calls par minute 
par trunk. Shortening the massage to 
"Thank You" and autamaticall~ 

disconnecting the customer would reduce 
the holding time to 10 seconds par 
transaction. Tan seconds of holding time 

. par trunk allows six calls par trunk par 
minute. Using the bu~ing curve in Figura 
~. the throughput far a 2~ trunk s~stam 

with a 10 second holding time would be 
appraximatal~ 3,900 calls par avant. 
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When designing an ANI network, Soma 
assumptions nsad to bs mads rsgarding the 
maximum volume of calls anticipatsd and 
the peak loading ~au will axpsrianca. From 
thass assumptions, ths number of needed 
trunks can be determined. Thera is no 
practical limitation an the number at 
trunks into the MACBS. 

AUTHORIZATIONS 

Thera are twa wa~s of authorizing the 
PPU customer's converter far the requested 
avant: 

• Through the billing s~stam 
• Diractl~ to the addressable controller 

Thera ora bath advantages and 
disadvantages of routing the ANI through 
the billing s~stam prior to the 
addressable controller. The tradaaffs are 
increased flaxibilit~ versus raliabilit~. 

If the billing s~stam processes the 
transactions prior to the addressable 
controller, several options are available, 

• 
• 
• 
• 

Campatibilit~ with a wider variat~ of 
addressable converters. 
Instantaneous credit checks . 
Flaxibilit~ in packaging and discounts 
far multiple events. 
Controllers with lass an-board mamar~ 
and speed could be used. 

The addressable controller maintains 
the subscriber database in active mamar~ • 
With the ANI sent diractl~ to the 
controller there are several advantages 
gained, 

• 
• 
• 

Naarl~ instantaneous look-up, process
ing, and authorization of events • 
No interruptions due to lass at data 
communication with the billing s~stam • 
No lass of events due to nightl~ pro-
cedures an the billing system. 

In Cantal's Michigan systems, it 
was decided to implement a statewide IPPU 
network by delivering the ANI diractl~ to 
the controller. This decision was made 
to gain the maximum reliability. 

It is believed that if the mare 
crucial links in the chain of events ware 
in C•ntal's control, the lass likely a 
failure would occur and mara likal~ that 
timal~ repairs could be made. 

It has bean Cantal's experience that 
a lack at system reliability reduces 
customer confidence. This lack of 
confidence reduces the buy rata and 
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increases the number of duplicate order 
requests. In the avant that uou are pauing 
tor ANI services by tha number at 
requests delivered to the CATU suetem, 
there could be a significant increase in 
transaction charg ... 

BARKER CHANNEL 

To be in a position to take advantage 
at an impulse buying decision, the PPU 
offerings need to be readilu available. A 
method that has proven to be one at the 
most accessible and economical is a 
character generated Barker Channel. 

This 
has a list 
the price, 
number. 

channel, as shown in Figure 15, 
at currentlu showing events, 
associated time, and order 

CENTEL CINEMA 
Each Movie is S3.S5 

Monday's Movies: 
7:00 pm - Title 
S:OO pm - Title 
11:00 pm - Title 
1:00 am - Title 
3:00 am - Title 

To Order, Dial: sss-soso 

From ~5 Minutes Before until 
15 Minutes after each event 

FIGURE 5 

In addition to the screen shown in 
Figure S,there are screens that give a 
brief description at each movie, the 
rating, and it's duration. 

FIGURE 6 
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Networking at the Barker Channel 
throughout the state from ana central 
location, is dona with dial-up data lines 
and addressable character generators made 
by Uideo Data Systems. This allows the 
same central location that schedules the 
remota addressable controllers to also 
control the remota Barker Channels. 

UIDED PRoGRAM SCHEDULING 

With the complexity of the PPU avant 
schedule, having one central control 
point provides consistency, reduces labor 
cost, and reduces human errors. 

The video supplier downloads the time 
schedule at programming to a single 
location. The central location converts 
the time schedule to management computer 
interface commands. These commands are 
multiplexed with the management computer 
commands and downloads the program time 
schedule to all controllers using the same 
data distribution system. 

MANAGEMENT CoMPUTER INTERfACE 

The decision to connect all 
controllers to a single management 
computer interface, while providing local 
control of new installations, background 
global refresh, and ANI input, gives 
Centel the reliability of local control 
and the economu of centralized customer 
service, billing and scheduling. 

AN1 "'- I olld Event I 

HUB 
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t 
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d 
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This is accomplished by feeding the 
entire state through ana box driver pert. 
This part is sent through a multipart 
expander which transmits tc all 
ccntrcllars. The controllers are 
addressable by hub number. Only the 
ccntrcllar whose hub number matches the 
hub number embedded in each command will 
axacute the command and respond tc the 
management computer. Each controller 
supports RTS/CTS hardware handshake. The 
multipart expander uses the RTS signal tc 
connect the responding controller tc the 
management computer. The part expander 
issues a CTS tc the controller permitting 
response. See figure 6. 

In these cells where there are 
clusters cf small cable systems, a single 
controller is used far multiple headends. 
It is possible tc implement the statewide 
ANI system using only twa addressable 
controllers. The addressing data is 
distributed via leased line synchronously 
tc the local headends. This economical 
approach works with either Z-TAC baseband 
cr PM rf addressable converters. A 
separate controller is needed far each 
type cf converter. They are controlled 
by the single management computer 
interface part. See figure 7. 

The ANI information is sent tc all 
controllers via a multiplexing madam. The 
controllers will precess ANI information 
only far these phone numbers in its data 
base. Tha management computer palls each 
controller far an upload af the ANI Pay
Per-View transactions. 

ANI PIIGM I and 

FIGURE 7 t..llolt.l-

HUB 1 

STATEWIDE ANI NETWORK ARCHITECTURE 

The ANI PPV net~ark ~ill be initially 
launched in eight systems around the 
state. These systems are already linked 
together with multipart asynchronous data 
madams. These lines are used ta carry the 
CableData billing information. Additional 
parts an these same data multiplexers will 
also carry the ANI, and management 
computer interface ta the Zenith 
addressable controllers. The time 
scheduling af program central will be 
multiplexed with the management computer 
interface data. See Figure • B • 

The scheduling af bath addressable 
ccntrcllers, as ~ell as the Barker Channel 
character generators, ~ill be dana from 
ana central location. A conversion 
utility will take the video program 
schedule and convert it ta management 
computer interface commands. These will 
then be da~nlcaded ta all hub controllers 
by time sharing the interface link. 

Each cf the initial systems, ~ith ana 
exception, will have their a~n addressable 
controller. This will break the network 
into separate, yet linked, individual 
calls, cr hubs. Therefore, it will allow 
mast cf the network tc operate independ
ently in the event af a failure in any 
link in the chain. Although the ANI 
information shares the same phone line, a 
separate phone line would be na less 
susceptible tc outage. 

II 
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The second input to the controller 
will be used for the ANI data packets from 
the MACBS. The output of each area MACBS 
is sent to all local hub controllers. Each 
controller has its own s~stems data bose 
dcwnlcoded into its memor~. When the ANI 
from another hub reaches the controller, 
it is unable to match it with the 
information in its own date base, so it 
is rejected. Overloading is not o problem 
because of the speed end capocit~ of the 
Zenith 200 series controller. 

The Zenith controller con accept on 
overage of SO ANI tronsocticns per second 
with bursts of 100 per second. The 
dotobose capocit~ con be expanded to in 
excess of 300,000 decoders with odditicnol 
memor~. end supports 15 area cedes end 
unlimited NNX numbers. 

With the burden of sorting the ANI 
being placed on the controller rather than 
the MACBS, the some order number con be 
used b~ one MSO fer ell oreo s~stems. This 
method was selected for three reasons: 

• The same controller schedule could be 
erected for all s~stems 

• The cost of the MACBS con be spread 
over man~ cable operators reducing the 
per transaction charge. 

• The some marketing materials con be 
used for an operator with men~ CATV 
s~stems is the same area. 

Each of these factors reduce the 
operating costs of the ANI network. 
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MANAGING SERVICE CALL REDUCTION 

BY 

ROBERT A.LUFF, GROUP V.P./TECHNOLOGY JONES INTERCABLE, INC. 
DON SUTTON, EXECUTIVE DIRECTOR OF ME/U JONES INTERCABLE, INC. 
PAM KING, TECHNICAL TRAINER, JONES INTERCABLE, INC. 
DANA EGGERT, PRESIDENT, PERFORMANCE PLUS TRAINING PROGRAMS. 

ABSTRACT 

CATV service calls have grown to a 
staggering one million dollar per day 
cost. Various MSO studies confirm that 
nearly 80% of all service calls fall 
between the pole and the TV - that is, 
within the drop system. And, of these, 
nearly 40% are the result of poor 
training, workmanship, or accountability 
of the field installation work force. A 
unique installer qualification and 
performance tracking program concept 
called Performance Plus was created to 
address this costly and subscriber 
frustrating problem. This paper details 
the Jones Intercable specific installer 
quality and performance tracking QIP 
program. 

INTRODUCTION 

Based on the industry average of 3% 
per month service call ratio of 60 
million subscribers at an average cost 
of $30 per service call, the cable 
industry now experiences a service call 
expense of nearly one million dollars 
per day - and this expense continues to 
grow. 

Research by several MSO's show that 
80% of all service calls are caused by 
problems between the pole and the back 
of the TV set, i.e., the drop system and 
in the domain of the installer. The 
research also shows that of this 80%, 
nearly 40% of the problems are the 
direct result of poor training, 
workmanship, and accountability of the 
installation work force. 

As an example, a large MSO with 
nearly one million subscribers has 
documented that its service call ratio 
is just at the industry average of 3%. 
Records show that it averaged a little 
over 30,000 service calls per month. 
Previous analysis by several MSO's 
assigns an average cost of $30 per 
service call. (Most industry experts 
believe $30/service call to be, if 
anything, conservative. The telephone 

company uses $72 per service call in 
their analysis.) This means that 
service calls cost this MSO at least 
$900,000 per month, every month. This 
equates to $10,800,000 per year. 

If the same assumed ratios and 
costs were used, typical cable system 
with 10,000 subscribers would result in 
$9,000/month and $108,000/year service 
call expense respectively. 

In both examples, a large sum of 
money! 

The Performance Plus Concept 

An industry expert i~ installer 
training and productivity tracking, Dana 
Eggert, introduced the Jones Technical 
Department to a unique and prom~s~ng 
concept to effectively address service 
call reduction called the Performance 
Plus Installer Program (PPIP) (Fig. 1). 
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This unique approach addresses the 
service call problem by focusing on 
insuring that the initial installation 
or service call is done right the first 
time and establishes an effective 
performance tracking and feedback 
system. 

This performanc~ monitoring and 
feedback process ~s key to the 
effectiveness of the Performance Plus 
Installer Program. Unlike traditional 
training programs where performance 
peaks immediately after the training 
session then rather quickly falls back, 
the PPIP offers a long-term approach to 
performance management through the on
going performance monitoring process. 

Initially, performance expectations 
are established and clearly communicated 
by a strong policy statement from the 
user company for quality workmanship and 
a complete installer handbook including 
all company practices and policies on 
installations. An evaluation of those 
performance standards is achieved 
through a written exam and field 
evaluation. Performance continues to be 
monitored, then, by periodic field 
evaluations. 

The program in its complete form 
provides computer analysis of the 
initial and periodic tests, and field 
evaluations which are graphically 
represented to show performance trends 
and improvements by system, team, 
contractor, or individuals, in summary 
or by specific item (e.g., loose F
fittings, unlocked pedestals, and 
grounding). Such graphic and 
quantitative output serves as feedback 
to the individual installers and to the 
supervisory level as well. 

THE JONES QUALIFIED INSTALLER PROGRAM 

Jones leadership is both quality 
minded and concerned about managing 
service call cost reduction. Jones was 
intrigued by the fundamental concept of 
the Performance Plus Installer Program 
and commissioned its own company
specific version to be developed and 
implemented. 

The Jones Qualified Installer 
Program (QIP) was designed to address 
the 80% of service calls that are caused 
by problems between the pole and the TV 
set, and more specifically, the 40% that 
are caused by poor training, 
workmanship, and accountability of the 
field installation work force. 

Using the Performance Plus 
approach, the Jones QIP program is not a 
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training program, per se. Nor is it 
just a manual, although a well written 
and illustrated generic or compar.y
specif ic installation manual, which is 
an integral part of the final Jones QIP 
program. Further, the QIP program is 
not just based on an SCTE-type BCT/E 
written or field evaluation. The QIP 
program is all of the above. The Jones 
QIP Program is a complete but simple 
installer/management integrated approach 
founded on the basic philosophy of 
"doing it right the first time". 

The Jones QIP program has six 
essential parts: 1) a well written and 
illustrated installer's manual printed 
in a manner that is easy to use in the 
field; 2) a strong statement of 
commitment from the President and 
Chairman of the Board, Glenn R. Jones, 
regarding the priority for quality 
installations and quality customer 
service; 3) a written self-evaluation 
of the manual's practices and policies; 
4) a written proctored skill evaluation 
when the installer is ready; 5) initial 
and recurring field skill evaluations; 
6) a formal method to include the QIP 
results in the personnel record in a 
manner that insures that they are 
considered during salary and promotion 
reviews. 

THE OIP MANUAL 

The heart of the QIP program is the 
QIP manual (Figure 2). How can we 
expect accurate execution of very 
complex installations if we do not 
define our practices and policies in a 
manner easily understood by installers? 
Included in this manual is everything 
the installer should know about a 
company's installation practices and 
procedures. So what's so new about an 
installation manual? 

FIGURE2 

THE 
QUAURED 
INSTALLER 
PROGRAM 

The authors of the Jones QIP 
manual, Bob Luff, Don sutton, Pam King, 
Dana Eggert (Consultant), Paul Schauer, 
Charles Turner, collectively have had 



considerable experience in writing 
manuals for various industries and 
applications. A review of CATV 
installation manuals in general found 
many common shortcomings. First, many 
companies and systems surprisingly do 
not even have a written installation 
manual for their employees. Everyone 
agreed with the need but just could not 
find the time. Many companies and 
systems who thought they had 
installation manuals were surprised with 
field results that showed no installers, 
and only a few of their highest 
technical level employees, could produce 
one. Also, even when a company or 
system could be found with an 
installation manual in the field, it 
fell into one or a combination of the 
following benefit-robbing situations: 
1) so out-of-date most employees ignored 
it as a serious reference or guide; 2) 
written at such a high level (by senior 
technical personnel) that most field 
personnel, especially installers, found 
it above their level and too difficult 
to read; 3) the manual itself was 
printed in a format impractical for 
convenient day-to-day use in the field -
usually a hard three-ring binder that 
may work well on a book shelf but hardly 
suitable for a back pocket or glove box. 

The Jones QIP manual was designed 
to address each of these possible 
shortcomings. It was decided to make 
the manual contain every practice and 
policy the installer was expected to 
follow so that this manual would be the 
only manual. Further, it was decided to 
make the QIP manual very readable for 
its intended audience. After the 
Company's official practices and 
policies were all reviewed and updated 
(not at all an easy task), they were re
written and each important point amply 
illustrated. 

The manual is styled very much like 
a typical State Drivers Manual. It is 
printed in a 6" x 8" format with soft 
covers allowing easy fit in the glove 
box or back pocket. An effort was made 
to keep the illustration to text space 
ratio to about 50% (Figure 3). The text 
was checked repeatedly for readability 
and understanding at the eighth grade 
level (eighth grade is a common target 
level for manuals of this type) . The 
manual was also checked by qualified 
professions to insure that there were 
not ethnic, age, or gender bias in 
either the text, illustrations, or skill 
evaluations. 
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Statement of Commitment 

A strong statement of commitment to 
quality workmanship and to the highest 
standards of customer service by the 
President of the Company is one of the 
most important guarantees of success for 
a quality-oriented installer program 
(Figure 4). Too often the field 
personnel hear guidance regarding only 
the quantity of daily work. 
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FIGURE 4 

The Jones Statement of Commitment 
includes both the company's pledge to 
quality performance and the individual 
installer's pledge to quality 
performance (Figure 5). The statement 
of commitment appears in the very first 
few pages of the QIP manual and requires 
all company or contract installers to 
sign the commitment indicating that they 
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FIGURE 5 
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understand that quality workmanship and 
high customer service standards are 
desired at all times, and that by their 
signatures they are agreeing to follow 
the specific Jones installation 
procedures, standards, and policies. 
They also agree to cheerfully accept 
guidance and constructive comments from 
supervisors and make every attempt to 
address their points as quickly as 
possible. And lastly, the installers 
agree to have the results of the 
recurring skill evaluations entered into 
their individual personnel files and 
acknowledge that they are an important 
part of the performance evaluation 
process. 

There was concern that such a 
radical change from virtually no direct 
link between actual field workmanship 
and the evaluation process to a very 
formal and direct link would cause 
employee concern or backlash. In fact, 
the installers very much welcomed the 
process. It seems that lacking such a 
formal process, installers have felt 
that salary increases and promotions 
have been based on friendships or at 
best random. This process took the all 
important merit and promotion 
consideration from under-the-table to 
on-the-table in their eyes, and they 
liked the change. 

Self-Evaluation 

Perhaps the strongest factor in 
early enthusiastic acceptance of Jones 
QIP Program to both company and contract 
installers is the self-evaluation 
feature of the manual. Every two or 
three pages in the text there are three 
to five "bullet questions" covering the 
important procedures or policies of the 
immediate text and illustrations (Figure 
6) . The reader is able to immediately 
determine whether he fully understands 
that section before going on. The 
answers are given .in full on the next 
page so there ~s no frustration, 
waiting, or misconceptions allowed to 
develop. At the end of each chapter is 
a chapter quiz - again with the answers 
on the next page. 

REVIEW QUESTIONS 

I} WHAT ACJ'ION IS TAKEN WHEN AN ASSOCIATE KNOWINGLY VIOLATES 
OR ALLOWS crrnE11S TO VIOLATE AN ESTABLISHED SAFETY RULE OR 
PIIACYlCE? 

Z) WHAT AilE 'I'YI'ICAL IIAZAIIDS ENCOUNTERED ON THE CUSTOMER'S 
I'IIOPEATY? WHAT CAN BE DONE TO AVOO> I'OSSIIIll ACCIDENTS? 

3) WHATTYI'IiOFQ.OTHINO IS RECOMMENDED IIORAN INSTALLER? 
4) WHEN AilE SAFETY CAPS REQU1REil? 
5) DESCRIBE HOW TO SURVEY THE CLIMB BEFaU! MOUNI1NG THE POLE. 
6) NAME EIQKT nntS :WIDCH MUST BE WORN WHEN CUMBINCl. DES-

CRIBE EACH ONE. 
7) WHEN IS CLIMBINCl EQUIPMENT NOT TO BE WORN? 
8) WHAT IS THE PREfEIUIED METIIOD OF CLIMBINQ? 
9) WHAT TYPiiS OF LADDERS ARE API'ROVED'! 
10) DESCRIBE HOW TO SURVEY THE CUMB BEFORE MOUNTlNQ THE LAD

DER. 
II) DESCRIBE THE SLOPE OF THE LADDER IN RELATION TO THE POLE OR 

STRAND. 

FIGURE6 

178-1988 NCTA Technical Papers 

The comments from the field have 
been very positive on the self
evaluation bullets and chapter quizzes. 
Installers (everyone) likes to know 
where they stand as they proceed. 

There is an important element to 
successful training theory working here 
as well. "Fear of failure" robs 
everyone of a fully positive attitude 
toward something new that involves a 
testing process. It is only natural to 
doubt one's own ability or the fairness 
of the exam which can also dampen the 
enthusiasm and momentum of even the 
highest charged program. The self
evaluation bullets and chapter quizzes 
quickly help to show the installer knows 
the material and can easily ~· 

The chapter self-evaluation quizzes 
presented in the same format as the 
final written exam further builds 
confidence in the installer's ability as 
well as to the fairness of the 
questions. 

Proctored Exam 

No element of the original 
Performance Plus or Jones specific QIP 
programs was debated more than whether 
this program would work best (or at all) 
with or without a final written 
proctored exam (Figure 7). 

\:arne •he(ourm&m paruo!cou:!9lcable as 
rtd!catedmthtd!ll.lf&m· 

lf':lraLd,JnpNedwnenLhe-me5senjj:erts 
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FIGURE 7 

SAMPLE 

The arguments against an exam 
centered around the fear that the 
installers, particularly contract 
employees, would object to the 
requirement and that there was so much 
obvious benefit from the rest of the 
total program - why risk it? 



The arguments for the exam centered 
around accountability of the program 
itself as well as the installation work 
force, including the supervisory level. 

One of the strongest fundamental 
elements of the parent Performance Plus 
concept that intrigued Jones was that 
the program had an automatic "self 
driving factor" and an automatic "self 
healing factor" built in. The 
Performance Plus concept included a 
policy statement "that no one is allowed 
to perform installations or service 
calls unless they are 'qualified' to do 
so by successfully completing both 
written and field evaluations". The 
intent as far as desired impact on the 
installation work force is obvious, but 
the full purpose of this policy was to 
insure the company had a means to focus 
daily on the program and that it could 
not slowly erode into inexistence or 
ineffectiveness like so many "voluntary" 
programs. The theory is that by making 
the testing a company requirement and 
making the field evaluations very much 
part of the employee evaluation process, 
the program, once started, would remain 
in a state of "spontaneous combustion" 
without continuous support from the 
distant corporate office. Once the 
program was up and running, employees 
involved in the process would not sit 
back and allow "less qualified" 
employees to enter their same QIP 
status. Further, if an employee or 
contractor's employee was ready to take 
the written exam and the supervisor 
delayed the process excessively, the 
employee or contractor would cause a 
review of the situation. And lastly, if 
company practices or procedures change 
(as they do frequently) and either the 
text, illustrations, or exams fell out 
of date, the employees would again cause 
a review. 

In short, the written exam decision 
was made to insure that the program is 
scrutinized by all those involved so 
that it remains fair, accurate, up-to
date, and carefully administered. 

Field Evaluation 

The last major element of the Jones 
QIP Program is actual field evaluation 
of installer workmanship quality. To 
become a Jones Qualified Installer the 
associate must pass an initial field 
evaluation, and must pass recurring 
field evaluations to maintain that 
status. 

When the installer is ready, he 
simply requests a field evaluation. His 
supervisor accompanies him on a regular 

installation work order, and with a 
formal computer check sheet observes the 
installer perform an installation 
without interfering with the job (Figure 
8). During the installation the 
installer is rated on the defined 
performance standards in all areas 
including safety, customer service, drop 
procedures, etc. When the installation 
is over, the supervisor more closely 
inspects the drop for mechanical and 
electrical integrity and completes the 
evaluation form. The results are shared 
and discvss~d with the installer 
immediately at the site to provide more 
effective feedback with concrete 
e~mples. 
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The Jones QIP Program requires all 
supervisors to perform at least five 
random field evaluations for each 
installer under his superv~s~on every 
quarter. The installations selected 
must be current installs that were done 
by the installer during that same 
quarter. These evaluations can be done 
after the fact without the installer 
actually present. 

This requirement serves several 
important functions. First, it insures 
continual focus on the program. It also 
provides an important mechanism for the 
supervisor to "schedule in" field visits 
in his own calendar for the express 
purpose of reviewing his installers' 
performance - a function that too often 
gives way to other seemingly important 
tasks. 

Also, 
evaluations 

by requ~r~ng quarterly 
of all installers on the 
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same standardized sheet, the supervisor 
and the installer are able to observe 
through graphic representation any 
positive or negative performance trends 
in as little as six months and have the 
opportunity to have several 
feedback/result sessions within the 
first year of the program. 

Indeed, from the company's 
standpoint, this quarterly review of all 
workmanship in the field provides 
invaluable data on the overall 
effectiveness of our training, recent 
changes in important practices, and 
changes in system technical or 
management leadership. Because the 
field data evaluation sheets are 
optically scanned into a computer, any 
amount of analysis and comparison are 
easily done and graphically represented. 

Beta Test 

The primary reason for a controlled 
and limited Beta Test was to evaluate 
the attitudes and receptiveness to the 
QIP from field personnel. While Jones 
was confident that the program would be 
well received, the technical department 
exercised some degree of caution by 
introducing it to one system at a time 
in a total of six systems of varying 
size and installation complexity (in
house vs. contract installers, and known 
high quality field work vs. known areas 
of needed performance improvement). Any 
unforeseen employee concerns or backlash 
could be analyzed and addressed at a 
single system level. Also, but to a 
lesser level of concern, the Beta Test 
provided a small forum to "tweek" the 
manual text and illustrations. 

As it turned out, employee reaction 
and acceptance was enthusiastic. And, 
as expected, the text, illustrations, 
and particularly the test questions 
quickly revealed areas requiring further 
change as a result of the careful review 
by the installers who were now agreeing 
to be held more closely accountable to 
the stated requirements. Each system 
added valuable recommendations. In 
fact, the comments were so insightful 
and valuable that it was decided to form 
a formal, annual QIP Review Committee 
from our "Gold Medalist" installers to 
insure their input is built into future 
revisions. 

The systems selected for Beta 
testing were Broomfield, CO; 
Albuquerque, NM; Green Bay, WI; 
Independence, MO; Ft. Myers, FL; and 
Saratoga Springs, NY. A typical launch 
included descriptive memos to the 
manager and chief engineer and a 
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scheduled date where all field 
associates, including contract 
installers and their supervisors would 
be present for the roll out briefing. 

At this briefing our corporate 
engineering technical training 
coordinator and often the regional 
engineer would explain the whole scope 
and intention of the QIP program, 
especially including the specific 
benefits to the system, subscribers, and 
individuals. 

This cushioned the next event which 
was a pre-QIP quiz and field evaluation 
of rec.ent installation workmanship and 
practices. 

The system associates were given 
the QIP manual, and a local QIP 
facilitator was selected and given 
additional background and support 
material. 

The associates were then challenged 
to improve their understanding of the 
important company installation 
practices, procedures, and policies, and 
field workmanship and productivity. A 
contest between the Beta Test systems 
was developed to reward the ~ with 
the most improved written test scores 
and most improved field evaluation 
scores. 

This team concept as well as 
individual achievement was purposely 
developed to foster positive peer 
pressure. In addition, the ~ concept 
helped the associates recognize the fact 
that the public perceives the Company as 
a "team" or single entity, and that poor 
driving habits in a service vehicle, 
rude attitudes, or poor workmanship of 
any one member reflects on the entire 
team. 

The corporate engineering training 
coordinator would schedule a return trip 
to the system in 30 days and host a 
second QIP briefing. At this visit a 
second written exam was given as well as 
second field evaluation of workmanship 
and practices. The second exam as with 
the first was graded on the spot. Exam 
improvements and field evaluation 
improvements were discussed in full. 

In addition, a thorough discussion 
of the system's comments about the QIP 
program occurred with all suggested 
changes carefully recorded right in the 
master QIP manual. The managers, chief 
engineers, and supervisors were asked to 
participate in the general sessions as 
well as in private discussions regarding 
the QIP Beta Test. 



The same procedure was followed in 
each Beta Test launch, and except for 
the excellent feedback and comments 
given, each launch proceeded nearly 
identically. 

Perhaps the only surprise was the 
initial reluctance by contract 
installers to attend the general 
sessions. We initially incorrectly 
jumped to the conclusion that the 
contract installers saw no long-term 
benefit to them, considering their 
possible relatively short-term 
association with the system. Much 
anxiety and brainstorming occurred 
before learning that the reason for the 
contract installers' reluctance was due 
to their piece work (per install) 
salaries. Sitting in a conference room 
for an hour was, in effect, "work 
without pay". In fact, some contract 
installers would have been exposed to 
"penalties" for fewer installation 
completions that day. The situation 
once understood was quickly corrected. 

Waiver Policy 

Jones is committed to the 
philosophy of having Q.n.g strong, well
documented set of installation practices 
and procedures to insure that all our 
subscribers benefit from the best 
possible picture quality, reliability, 
and customer service. But, one of the 
most important findings during the Beta 
Test period was the need to have a 
formal Waiver Policy of specific 
practices and procedures that were 
unsuitable to a particular system for 
one reason or another. 

Just as State Rights have served to 
relieve the pressure on everyone being 
forced to agree to a single federal set 
of laws, the Jones QIP Waiver Policy 
allows for these same regional 
variances. Climate differences between 
systems is one such justification for 
regional procedural waivers. 

For example, long periods of 
significant snow cover prevents burying 
of drops for many months at a time. 
Very dry climates eliminate the need for 
a system to provide the extra boots and 
silicone gel weather protection -- and, 
there are many more examples. 

However, to just allow systems to 
drop or substitute various QIP 
requirements without review or formal 
change to that system's standards was 
seen as a "little hole that over time 
could deflate the program". There would 
be a breach in accountability on which 

the very essence the QIP program is 
built. 

This Waiver Policy simply requires 
the chief engineer and manager to make a 
formal request for a variance on a 
specific form stating the reasons for 
the variance as well as a draft of the 
specific changes to the text, 
illustrations, test questions, and field 
evaluations. The self-mailing form is 
returned to the manager and the chief 
engineer upon approval by corporate 
engineering for implementation and 
permanent filing. 

The easy Waiver Policy is probably 
one of major factors of quick acceptance 
by even the most strong-willed managers 
or chief engineers who have long
standing feelings on certain issues. 

Implementation 

The QIP program implementation 
began in late November of 1987. The 
process is proceeding very smoothly and 
similarly to the Beta Test launches. 
New systems continue to be launphed at a 
rate of several a month. With over 78 
systems, program implementation is 
projected to be completed by the end of 
1988. 

Initially systems were brought "on
line" one or two at a time to be sure 
the corporate facilitators could 
schedule the trips and be totally 
available for follow-up questions and 
discussions. It was decided that a 
twenty minute video tape explaining the 
QIP program and a strong facilitator's 
guide would allow all remaining systems 
to implement the QIP program totally on 
their own and at their own pace in a 
uniform, highly organized manner. With 
78 separate systems, this was indeed a 
welcome labor-saving approach. In fact, 
the QIP launch tape and the 
facilitator's guide have proven to be 
very effective, and many systems have 
implemented the QIP totally on their 
own. 

Also, throughout the process, a bi
weekly newsletter called the F
Connection was written to insure 
everyone in the company was fully aware 
of the QIP implementation process 
(Figure 9). This newsletter also 
reported on text or illustration 
changes, and highlighted which systems 
and individuals had made program 
improvement suggestions. The success of 
this newsletter suggests its 
continuation even after the QIP program 
is 100% implemented. 
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Lastly, during the implementation, 
the company quickly realized how 
significant the QIP program was in terms 
of positive individual and team morale. 
For the first time, installers were 
observed during lunch and breaks 
actually discussing company practices 
and procedures. It was also recognized 
that reaching the full Qualified 
Installer status was a highly sought and 
prized accomplishment by the installers. 
The company felt that this attitude was 
indeed valuable to individual morale and 
to the program, and that we should 
develop a suitably more visible 
indication of an installer reaching the 
full Qualified Installer status. A 
handsome diploma was first considered 
but installers do not have offices and, 
hence, walls to display their 
accomplishment. Instead, a special 
patch was designed and our company's 
standards for installer dress 
requirements were modified to 
specifically assign a specific location 
for this patch to be worn (Figure 10). 

fllOKT 

FIGURE 10 

Along with the patch, a new 
Qualified Installer picture ID is issued 
(Figure 11). Both the ID, which is 
clipped in full view on the shirt 
pocket, and the. Qualified Installer 

182-1988 NCTA Technical Paper~ 

patch provide a 
visibility of 
achievement to all 
to our subscribers. 

constant valuable 
the installer's 

other installers and 

Jones Intercable is also rolling 
out a comprehensive E-mail system to all 
of its cable systems. The individual 
system QIP facilitators, plus the 
corporate technical trainer and senior 
engineering staff will then be able to 
communicate via computer network to 
insure an on-going flow of informatior., 
support and feedback on the QIP Progra, ... 

Results 

The results of the Jones QIP 
program are already very favorable 
considering that for many systems the 
program is just starting. These early 
results also show that positive impact 
to the company as a whole will far 
exceed the initial goals and 
projections. 

Using the same six Beta Test 
systems, Figure 12 shows a before and 
after comparison of the written test 
scores on important installation 
practices and procedures. A 20+ point 
average increase has been observed. 

QUALIFIED INSTALLER PROGRAM 
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FIGURE 12 

Performance improvement on these 
written test scores is seen as very 
significant because without a firm 
understanding of exact performance 



expectations on important well known 
service call-producing operations, the 
installer and Company is doomed, at 
best, to mediocre execution. While 
there is still room for improvement in 
this area, observers agree that the 
difference between a mid-60's percent 
score on important installation 
requirements and a high 80's to low 90's 
percent score as a Company-wide average 
is indeed a very significant 
improvement. 

The question then turns to whether 
the QIP Program is actually producing 
better workmanship and procedure 
compliance in the field. Figure 13 
shows the percent improvement in 
installation quality as measured by the 
fixed Jones standard field evaluation 
data sheets. 

QUALIFIED INSTALLER PROGRAM 

The most impressive result, steady 
reduction of controllable service calls 
reported by our billing service, Cable 
Data, is as yet simply too soon to 
reliably measure. We must remember that 
today's service calls are the result of 
poor practices and workmanship that 
occurred months or even years prior. It 
is recognized that even the most 
successful installation procedures and 
quality program will take some time to 
fully address years of less structured 
performance management. 

Conclusions 

Service calls are a major expense 
to the cable industry and cause negative 
subscriber attitude issues in every 
cable system. The magnitude of the 
expense - one million dollars/day for 
the industry and over $100,000/year for 
a 10,000 subscriber system requires all 

systems and companies to focus on better 
management of service call reduction. 

The fundamental concepts of the 
Performance Plus Installer Program and 
the nearly full implementation of the 
Jones Qualified Installer Program with 
immediate impressive results exceeding 
expectations, prove that managing 
service call reduction can be 
successful, affecting not only the 
bottom line but subscriber satisfaction 
as well. And further, such installation 
performance management programs actually 
have been proven to improve associate 
morale and motivating team spirit. 
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MULTI-CHANNEL COMPACT DISC DIGITAL AUDIO ON CABLE 

Joseph L. Stern 
President 

Stern Telecommunications Corporation 

ABSTRACT 

The introduction of compact discs has 
brought a new dimension of sound into the 
home. A system has been developed which 
will provide the delivery of nine stereo 
channels over one CATV channel in full 
com~liance with all compact disc specifi
cat~ons. 

SUMMARY OF PAPER 

The paper to be presented at Cable'88-
will describe CD 8-DM, a new digital audio 
transmission system delivering nine chan
nels of stereo, plus multiple data chan
nels within a 6 MHz bandwidth. The sys
tem will be described and waveforms of the 
modulation and baseband signals displayed. 
More importantly, a series of tests of 
CD 8-DM transmissions over microwave, 
satellite, and cable systems will be dis
cussed. 

CD 8-DM provides for encrypted, 
addressable delivery of nine stereo chan
nels using a sixteen-bit 44.1 KHz sampling 
rate. The encryption is performed with a 
proprietary algorithm and the nine audio 
channels are combined with forty 9.6 KBPS 
and twenty-four 19.2 KBPS data channels. 
This package becomes a 12 megabit data 
stream. Four-level PAM transmission is 
used confining the major energy within 
3 MHz of bandwidth. 

Transmission on the cable is through 
a modified and patented vestigial side
band modulation scheme. Forward error 
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correction is utilized which allows oper
ation with poor carrier-over-noise and/or 
operation utilizing small satellite reciev
ing dishes. 

The test information which will be 
presented will show the effect of cable 
system variations on the signal, as well 
as the effect of these digital PAM signals 
on existing cable operations. 

Since the tests will be in process 
between the publication date and the pre
sentation date, copies of the presentation 
will be made available at Cable '88. 

L--------J Distribloltion 
Systerj 

CD 8-DM Transmission System 

CD 8-DM Decoder 



NCTA ENGINEERING COMMITTEE 1986-88 UPDATE 

Walter s. Ciciora, Ph.D. 
Vice President, Technology 

American Television & Communications 
Englewood Co, 80112 

1986 & 1987 NCTA Engineering Committee 
Chairman 

INTRODUCTION 

During 1986 & 1987 several issues 
dominated the committee's work. Included 
among them were the A/B Switch, HDTV, 
cumulative Leakage Index (CLI), The EIA 
Multi-port, Consumer Interconnection with 
cable, and Competitive Technologies 
(including Telco). Numerous other issues 
arose and were dealt with. Routine work 
requiring constant attention from the 
committee also received expeditious 
handling. 

The A/B switch posed serious 
problems for the cable industry. The 
most obvious aspect of the difficulties 
was the cost of installation and 
materials. However, a much more serious 
consequence could be seen by the 
Engineering Committee. Improper 
installation of the switch could result 
in significant radiation of cable 
signals. In fact there is only one 
correct installation configuration and 
several erroneous methods. The hazard of 
interference with aircraft communications 
and navigation was increased by the fact 

wendell H. Bailey, Jr. 
Vice President, Science and Technology 

NCTA, Washington, D.C. 20036 
NCTA Staff Liaison 

that these signals would be connected to 
antennas all pointed in roughly the same 
direction. A mechanism of efficient, 
focused radiators was created at a time 
when cable engineers were struggling with 
ways to reduce leakage. Special thanks 
go to Dave Large who worked to 
investigate and inform the committee and 
the FCC of the technical issues. 

The Subcommittee reports which 
follow provide a review and status report 
of the Committee workings. 

The December meetings in both 1986 
and 1987 were held in Denver. This 
resulted in greater attendance from 
Colorado and West Coast engineers. This 
may become a traditional site for the 
last meeting of .the yj:lar. A meeting 
attendance record was set at seventy five 
for the first meeting of 1988. 

The sections below repeat the 
information from the 1985 report by then 
chairman Robert A. Luff. They are 
repeated here for the convenience of the 
reader. 
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BACKGROUND 

The National Cable Television Association 
(NCTA) has, since 1952, represented the diverse 
and growing cable industry before Congress and 
Federal agencies, in courts of law and before 
state regulatory agencies. As the principal trade 
association of the U.S. cable television industry, 
its members comprise cable television system 
operators, equipment manufacturers, program 
suppliers and several ancillary service providers. 

Members are provided with forums--newletters, 
committees and an annual convention/exposition, 
where they may exchange information on 
developments in the industry and maintain liaison 
with other industries, societies and groups. The 
NCTA Engineering Committee is one such forum. 
Two-day, bi-monthly meetings held mainly at NCTA's 
Washington, DC headquarters, attract 50-75 top 
level member and non-member cable engineers from 
all over the country. Subcommittee chairmen 
reports form an important segment of each agenda. 

STAFF AND SUBCOMMITTEE FUNCTIONS 

To the extent that it is able to identify 
issues of common concern to members, NCTA strives 
to propose or recommend ways to address these 
issues. The NCTA Engineering Committee, its 
subcommittees and staff liaison department -
Science & Technology-- play a vital role in this 
continuing process. When an area of concern has 
been pinpointed, the Engineering Committee 
often turns to or creates a subcommittee to 
address the concern. Following the compilation 
and analysis of a combination of original 
testing, research, 1 i terature reviews and survey 
results (every effort is made to solicit technical 
input from all affected interests) subcommittees 
report their findings to the Engineering 
Committee. The Committee then reviews and 
approves final documents and/or recommendations 
before NCTA acts on them -- in some cases, 
publishing and distributing a printed product -
though, as you will read in the following reports, 
often a subcommittee fills an educating, liaison 
or monitoring function for the Committee and no 
published documents result. 

CHARTER 

The policies of the National Cable Television 
Association are determined by the Board of 
Directors. To assist in policy formulation in 
technical areas, the Board establishes an 
Engineering Committee. The duties of the 
Engineering Committee are: 

l) To respond ori a timely basis to Board 
requests for advice and recommendations on 
technical matters. 

2) To forward to the Board advice and 
recommendations on technical matters which 
the Committee perceives as having an effect 
on the policies of the Association. 
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3) To advise the Board of technical 
developments and innovations which the 
Committee perceives as having an effect on 
the policies of the Association. 

4) To advise the Board of technical 
developments and innovations which the 
Committee perceives as having an effect on 
the future courses of the cable business. 

5) To assist the technical staff of the 
Association as requested. 

6) To represent NCTA by establishing liaison 
with international and national technical 
groups. 

The activities of the Committee shall include, 
but not be limited to: 

l) Regular review of FCC dockets, Notices o.f 
Inquiry, Notices of Proposed Rulemaking, 
etc., having impact upon the technical 
operation or construction of cable 
television systems. 

2) Liaison with appropriate outside technical 
organizations, associations and profes
sional societies. 

3) Liaison with international organizations, 
associations and professional societies 
whose work may have an impact on the 
industry. 

Membership on the Committee shall be open to 
all technically oriented employees of members of 
the National Cable Television Association who are 
interested in the work of the Committee. The 
Chairman of the Board of NCTA appoints the 
Chairman of the NCTA Engineering Committee. 
Individual voting members are then appointed by 
the Chairman of the Board of NCTA after 
consultation with the Chairman of the Engineering 
Committee. 

Notice of meetings shall be sent to all 
members of the Committee and also sent to 
interested, qualified parites. Attendance is open 
to all members of the cable industry's engineering 
community who are NCTA members. 

ACKNOWLEDGMENTS 

Participation in subcommittee work and 
Engineering Committee meetings are some of the 
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rewarding endeavors, requiring unusual 
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committee chairman Walt Ciciora in applauding 
subcommittee chairmen and members for unstinting 
and outstanding service to the cable industry. 

- 1988 NCTA Technical Papers editor, K. Rutkowski-

For further information about the NCTA or 
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S~ITTEB AND LIAISON .UPD!'.TBS 

CONSUMBR INTBRCONN!CT SUBC<»>UTTBB 

David Large, Chairman 

CHARTER 

The Consumer Interconnect Subcommittee was 
formed by the NCTA Engineering Committee in 1985 
for the purpose of exploring short-term solutions 
to the problems of interconnecting various 
combinations of consumer video equipment to cable 
television systems. The Engineering Committee 
felt that longer-term solutions were being dealt 
with by such groups as the EIA homebus group, the 
EIA/NCTA Joint Committee, and the EIA Decoder 
Interface group, but that such solutions would be 
years in coming because they only affected future 
production of products. The Consumer Interconnect 
Subcommittee has limited its scope to dealing with 
the currently installed base of consumer 
equipment, with its thrust being the instruction 
of cable operators and suppliers in appropriate 
solutions and adequate specifications for cable
supplied interconnection equipment. 

ACCOMPLISHMENTS 

The major accomplishment of the Subcommittee 
to date has been the submittal of an extensive 
tutorial report to the parent committee (late 
1986). This tutorial was published in CEO 
Magazine in three removable sections in the period 
April-June, 1987 and is available from either CEO 
or NCTA as a reprint. In response to a call to 
extend our reach beyond the technical community to 
management, Mr. Large presented a management 
session paper at the 1987 NCTA Convention based on 
the business consequences of following the 
recommended solutions in the tutorial. This paper 
will be published in the December (Western Show) 
edition of Cablevision Magazine. 

FUTURE ACTIVITIES 

Two addendums to the original report are 
currently planned. The first recognizes that 
there is a move in some parts of the cable 
industry away from set-top converters and towards 
outside-the-home signal denial schemes. Since the 
cable company need install no unique equipment 
within the home, the customer assumes, by default, 

the major responsibility for in-home wiring. 
While such schemes, based on some form of positive 
or negative trapping, have advantages in 
"friendliness" to cable-ready consumer hardware, 
they raise issues of signal leakage control. That 
is the subject of a report authored by Roy Ehman 
for the Subcommittee. 

An area not explored in the original report 
was baseband interconnections. Most VCR's, many 
television sets and several converters and 
descramblers offer video and/or audio connections. 
Use of these signals may result in increased 
switching flexibility and will almost certainly 
result in better quality pictures. More 
importantly, it may be the only way to realize the 
benefits of stereo sound under certain 
circumstances. A second addendum, authored by 
Dave Large, covers this area. 

mGB DEFINITION TBLBVISION (BD'l'V) SUBC<»>MMTTBB 

Nick Hamilton-Piercy, Chairman 

CHARTER 

This subcommittee on HDTV was formed by the 
NCTA Engineering Committee in 1987 to closely 
follow the rapid developments taking place in HDTV 
technology; to interpret what impact the 
transmission of HDTV signals would have on cable 
television distribution networks; to determine 
what is needed to accommodate these signals; and 
to liaise with the various proponents of HDTV 
systems on the unique requirements of 
cable/microwave/satellite transmission. 

BACKGROUND 

Television set technology is making a 
substantial leap forward as a consequence of the 
introduction of digital processing circuitry at 
the consumer level. At moderate incremental cost 
television sets can be made intelligent enough to 
overcome many of the short comings of the North 
American (NTSC) television transmission standard 
and can accommodate new standards such as that 
associated with high definition television (HDTV). 

Evolution within the traditional analogue 
circuits and display technologies is also taking 
place which enables the conventional television 
receiver to produce quite handsome television 
images with resolutions approaching the 
theoretical obtainable from standard NTSC signals. 

The full potential of these new technology 
receivers becomes clearly evident when they are 
directly connected to video cassette source 
material, however, the transparency of the tradi
tional cable distribution network may sufficiently 
compromise delivery of improved NTSC or HDTV 
signals to the extent that the consumer may. be 
inclined to adopt other program distribution 
infrastructures for their entertainment fare. 
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Recent customer attitude surveys have already 
shown a general dissatisfaction in the quality of 
cable distributed signals even though substantial 
improvements have been made to these networks over 
the last few years. One reason for this growing 
dissatisfaction is that customers now have a daily 
comparison against which they can assess cable 
television signal quality. Over 50\ of the cable 
customers have in-home video cassette players and 
an A/B comparison occurs every time it is used. 
The industry is fortunate in that much of the 
video cassette material is worn rental tapes of 
questionable quality. 

These same customers are often exposed to high 
definition video images at the work place, school 
or during leisure hours. The word processor, the 
desk top computer, the computer control of 
industrial machinery, and the video arcade present 
this group with a barrage of video images all 
substantially better in quality than can be 
provided by present cable distribution networks. 
Customers often ask why they cannot read the 
credits for a television movie yet the text is not 
smaller than the capital letters on their word 
processor or home computer. Should this 
dissatisfaction with quality truly be a result of 
this day to day comparison, then the industry 
could find itself with a severe problem following 
the introduction of super VHS/Beta video cassette 
formats, or other sources of enhanced quality 
video programming (direct to home satellite, MMDS, 
video disk, even new off-air broadcast 
transmitters, or off-air signals viewed through 
the A/B switch, etc., etc.)? 

The problem is being considerably exacerbated 
by the recent presence of the new technology 
large screen televisions which tend to emphasize 
cable's transmission shortcomings, especially at 
the closer than ideal viewing distances found in 
the smaller home. In the older television sets 
the images were sufficiently soft and blurred that 
echoes, beats and certain types of noise were not 
really noticeable. Their audio systems and minute 
loud speakers compromised the sound to the extent 
that the cable added distortions and noise were 
just not noticed. Many of these same customers 
are now using state of the art comb filter 
equipped 25 inch or larger television receivers 
with stereo sound and good quality speakers. 

WORKING COMMITTEES 

Recognizing the foregoing concerns and 
recognizing the timeliness of providing input to 
the various HDTV proponents on the requirements of 
cable retransmission, the Engineering Committee of 
the NCTA decided the issue was of sufficient 
importance to form a sub-committee whose mandate 
is to address the whole subject area. There are a 
multiple of unknowns and many of the answers are 
needed soon if they are to be useful in 
influencing the HDTV transmission standards 
formation or to assist cable operators in their 
preparation of their distribution networks for 
these new signals. 
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Early answers are also needed for improving 
the transmission transparency of the existing 
networks to help stem the current growing customer 
dissatisfaction with picture quality. Whether it 
is improving the present system for the present 
NTSC signal and enhanced NTSC signal or a full 
HDTV signal many of the problems are common, 
therefore at last initially there seems no need to 
have separate committees addressing the concerns 
of each standard. However, it does appear 
productive to address the subject area through 
three interrelated groups. 

Group 1, Transmission Channel Characteriza
tion, Group 2, Liaison and Group 3, Super Cable. 

The Group 1 activities (under the guidance of 
Dan Pike) are to examine the transmission aspects 
of video signals of both present and future 
standards through mediums such as co-axial cable 
plant, AML systems, FML systems (narrow band and 
wide band) and satellite. The question that faces 
this group is why do even well designed cable 
systems compromise the quality of a normal NTSC 
signal (softening of the resolution, busyness of 
the background, etc.) even though measurement of 
the usual parameters would indicate the network as 
being transparent? The extension of this question 
is whether the mechanisms causing this degradation 
will have equal or worse effect on an HDTV signal. 
Once the cause is understood then the task is to 
provide guidelines on how to minimize these 
effects. 

The end goal of Group 1 is to provide a 
comprehensive "transfer function" of the transmis
sion media for each part of the distribution chain 
be it the satellite link, terrestrial microwave, 
the AML system, or the cable network itself. The 
findings of Group 1 are passed to Group 2 for 
dissemination and discussion with the HDTV 
proponents and consumer electronic suppliers. 
Initially, work will be the characterization of 
the effects of some of the less traditional 
distortion mechanisms such as phase noise and 
micro-reflections, etc. Other work will include a 
reevaluation of the subjective effect of discrete 
echoes in a progressive scan scenario, the 
subjective effect of beat noise in the increased 
band widths associated with high definition 
transmissions and so on and so on. 

The Group 2 focus is directed more towards 
providing a very tight liaison with the developers 
of enhanced and high definition television systems 
and equipment as well as ensuring a continuous 
dialogue is maintained with other groups such as 
NAB, ATSC, SMPTE, etc., etc. It will be the 
responsibility of Group 2 to take the findings 
from Group 1 and ensure these are disseminated to 
the developers of these new systems and equipment. 
It will also be the responsibility of Group 2 to 
provide the status reports and information pieces 
necessary to advise the industry on the progress 
of HDTV developments and the necessary steps to 
prepare for its introduction. 



It can be anticipated that once Group 1 has 
characterized the distribution infrastructure and 
the requirements for successfully distributing 
high quality NTSC and HDTV signals then the two 
groups will merge into one body whose main focus 
will be the implementation steps towards HDTV. 

The Group 3 Super Cable activities (under the 
guidance of Paul Perez) is focusing its attention 
on ways and means of taking a component style 
signal such as "Super VHS" and transmitting it 
through the existing cable distribution network 
with the aim of providing a superior quality 
picture to those customers with appropriately 
adapted luminance/chrominance input monitors. 
This is seen as an interim scenario for quality 
picture transmission while the various advanced 
television systems develop. 

ACCOMPLISHMENTS 

The major accomplishment of the Group l 
working committee is the identification, measure
ment and characterization of phase noise. This 
distortion is one of the principle contributors to 
the background busyness effect seen in many 
cable systems pictures. Two comprehensive 
dissertations are contained in the 1988 NCTA 
Technical Papers showing results of this testing 
and the causes of this unique distortion. Other 
preliminary testing activities in the area of 

reflections and in-channel fine grain transmission 
responses have also taken place. 

The liaison group, Group 2, has focused most 
of its attention on developing an industry input 
in response to the FCC's Notice of Inquiry and 
subsequent analysis of other organizations submis
sions. The group also developed a comprehensive 
response in comment to the FCC on the various 
submissions. Other Group 2 accomplishments in
cluded the development of a draft cable transmis
sion test plan for use by the Advance Television 
Systems Committee's transmission and Distribution 
Specialist Group T3S4 and the description of a 
generic cable system (tutorial narrative and 
schematics) for dissemination to ATS developers, 
broadcasters and others unfamiliar with cable 
television distribution networks. 

Group 3 (Super Cable) was formed in the latter 
part of the reporting period and is focusing its 
attention on planning and feasibility 
investigations into cost effective technologies to 
distribute the component signal. 

FUTURE ACTIVITIES 

The immediate future focus will be on the 
continuation of cable transmission characteriza
tion. As soon as any of the competing ATV system 
hardware is available testing will be conducted by 
subjecting the system to the characterized trans
mission distortions to determine the sensitivity 
to these impairments. Guidelines will be 
developed on the minimum t~ansmission standards 
necessary for successfully distributing HDTV 
signals and disseminated through the industry. 
This will likely be an iterative process with ATV 
system promoters presenting further evolutions of 
their hardware and the group feeding back results. 
Once the "final" version of ATV hardware is 

available from each promoter the group in 
conjunction with the ATSC will subject each to a 
side by side evaluation and qualify each as to its 
merits and disadvantages in the cable transmission 
environment. 

Close liaison with program originators and ATV 
system manufacturers will continue to ensure both 
are kept fully appraised of the cable operators 
concerns and technical distribution capabilities 
while obtaining from them latest details of their 
origination and reception equipment developments. 

Should the developments of HDTV emission 
systems not follow a path appropriate for 
retransmission through cable of a superior 
picture, then focus will be directed in 
establishing alternate technologies/formats more 
suitable for cable transmission. 

MULTIPaRT ~DINATIOH 

Joseph van Loan, Chairman 

CHARTER 

Coordinate implementation of the EIA Multipart 
Standard Baseband Interface within the Consumer 
Electronics and CATV industries. 

ACCOMPLISHMENTS 

With support from ATC provided a neutral 
testing facility in ATC's Denver laboratory. 
Arranged for manufacturers to make TV receivers, 
scramblers, descramblers and other equipment 
available to the lab for testing by manufacturers 
developing EIA Multipart products. Arranged and 
staffed EIA Multipart exhibits at NCTA and western 
Shows. Conducted a survey of top 50 MSO's 
willingness to use EIA Multipart products when 
they become available. Held meetings with MSO's 
using baseband interface, TV receiver and VCR 
manufacturers and with CATV decoder manufacturers 
to make them aware of the benefits of the 
interface and the industry's willingness to 
support it once it becomes available. Give 
presentations to management, marketing and 
technical groups to acquaint them with the 
advantages of a standard decoder interface. 

1988 PLANS 

Plans for 1988 include a survey of signal 
ingress in "cable ready" TV receivers among the 
top 50 MSO's. Conduct the first field trials of 
EIA Multipart using production TV receivers and 
pre-production decoder units. Continue exhibiting 
at major trade shows. Continue to give 
presentations to groups concerning the use of the 
decoder interface standard. 
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SMBLLI'l'B PRAC'l'ICBS SUBCOIMI'l"l'BB 

Norman Weinhouse, Chairman 

There were several issues addressed by the 
Satellite Practices Subcommittee in 1987. Two 
issues involve comments before the FCC, and three 
issues which were undertaken to assist satellite 
programmers and the cable operators who receive 
those programs. 

A. ISSUES BEFORE THE FCC 

1. ~dificat!QQ_Qf_Part_£~Qt_i~~~~l~~· 
cc. Docket No. 86-496 

In this docket, the FCC proposes to 
make extensive changes and additions to 
part 25 of the Rules. Administrative and 
licensing matters which had previously 
been treated on an ad-hoc basis are 
codified in these proposed rules. In 
addition, the Commission proposed 
operational procedures which are intended 
to reduce alien interference between 
satellite systems. In some cases, these 
procedures are detrimental to cable's 
interests. Some of the proposed 
technical standards needed clarification. 

The subcommittee provided extensive 
inputs to the staff. Comments were filed 
by NCTA on June 8, 1987. The Commission 
has not taken further action in this 
docket. 

2. Auto~~ti£_Tra~sm!iter_!~~~iifi£~iiQ~ 
System (ATIS) - General Docket No. 86-337 

The Commission instituted a Further 
Notice of Proposed Rulemaking (FNPRM) on 
ATIS of Satellite Video Carriers, based 
on digital modulation of the energy 
dispersal signal in a satellite 
transmissioJ'I. Earlier (in 1986) the 
Commission instituted a NPRM for ATIS 
based on digital modulation in the 
television vertical interval. 

In the earlier NPRM, NCTA and others 
made c.omments which deprecated the use of 
vertical interval for ATIS, prompting the 
FNPRM. In its comments to the FNPRM, 
NCTA was generally supportive of the 
energy dispersal method, but cautioned 
the Commission that it was an untested 
technology which needed further refine
ment and extensive testing. NCTA and 
most other commenters suggested delay in 
implementation until this technology 
could be completely tested in a real 
world environment. 

The Commission has not yet taken 
further action in this docket. 
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B. SATELLITE PRACTICE ISSUES 

The subcommittee started work in 
December of 1987, with the object of 
generating •Good Engineering Practice• 
bulletins for the following items: 

1. Audio levels (monaural and stereo) 
for Videocipher II transmissions. 

2. Use of subcarr iers with Videocipher 
II transmissions. 

3. Use of a •more reliable" method of 
signalling (cue tones) and 
communication by programmers offering 
advertising availabilities to cable 
operators. 

Items 1 and 2 have been generated and 
will be reviewed by the subcommittee. It 
is expected that these two documents will 
be submitted to the main engineering 
committee at its next meeting in April. 
It is further expected that a document 
dealing with item 3 will be submitted to 
the main engineering committee in either 
the June 1988 or the August 1988 meeting. 

MULTI -CBANNBL TV SOUND 

Alex Best, Chairman 

CHARTER 

The Multi-channel TV Sound Subcommittee was 
formed by the NCTA Engineering Committee in 1983 
for the purpose of evaluating compatibility 
between three proposed broadcast television stereo 
systems (Zenith, EIAJ, and Telesonics) and 
existing cable technology. The Engineering 
Committee felt that the BTSC (Broadcast Television 
Systems Committee) committee guided by the 
Electronic Industries Association had failed to 
consider the impact of cable carriage on any of 
the proposed systems. At this time the EIA was 
advocating a selection of one of the three systems 
by voting members of the BTSC (the NCTA 
represented one of the 13 votes to be cast). 



ACCOMPLISHMENTS 

The accomplishments of the subcommittee to 
date have included written test procedures to the 
EIA which was one factor in creating a one-year 
extension on testing of the three stereo systems. 
The NCTA then decided to perform its own tests. 
During the summer of 1984 a detailed test 
procedure was written and an engineer was hired 
(Brian James) to conduct cable related tests of 
the BTSC systems. A report on the results of 
these tests was made available to the office of 
the NCTA. The results were also made known to 
other interested parties through presentations at 
various national, regional, and state association 
meetings. As a result of this effort, the NCTA 
was successful in winning a non-must carry status 
from the FCC on the stereo portion of a broadcast 
television signal. 

FUTURE ACTIVITIES 

The Multi-channel TV Sound Subcommittee was 
reactivated in 1986 with a charter to define and 
document a series of test procedures to assist 
cable operators in evaluating stereo encoders. In 
addition, an error budget (separation) will be 
developed to aid cable operators in achieving an 
overall level of quality by knowing the 
contribution of each component. It is anticipated 
that the end product of this effort will be a 
document similar to the NCTA Recommended Practices 
for Measurements on Cable Television Systems. 

AD IIJC 75 OHM STANDARDS StJBC(HIITTEE 

Ron Hranac, Chairman 

CHARTER 

The ad hoc 75 Ohm Standards Subcommittee was 
formed in late 1987 to investigate the feasibility 
of establishing National Bureau of Standards (NBS) 
traceability in 75 ohms. 50 ohm NBS traceability 
has existed for some time, but these standards do 
not directly support 75 ohms. Advances in CATV 
technology, industry deregulation, and the 
increased availability of 75 ohm test equipment 
suggest that such standards be established to 
assure measurement accuracy and repeatability. 

ACCOMPLISHMENTS 

Due to the creation of the ad hoc subcommittee 
so late in the year, major accomplishments have 
centered around three areas; recruiting 
individuals to serve on the subcommittee; securing 
the unofficial support of a number of test 
equipment and product manufacturers; and making 
initial contact with NBS. 

NBS officials have indicated that standards 
development usually begins one of two ways: lobby 
Congress to obtain funding for research, a process 
that takes several years. Or, obtain private 
sector (eg., CATV and related industries) support 
and research funding. The second approach will be 
the most feasible for 75 ohm standards work, since 
much footwork can be accomplished by the CATV 
engineering community. 

FUTURE PLANS 

The subcommittee plans to collect information 
on existing 75 ohm standards, and develop 
parallels, where possible, with 50 ohm standards 
and traceability. The subcommittee will then 
determine the cost to establish basic NBS 75 ohm 
traceability, and recommend how the CATV industry 
can pursue standards development. 

SIGNAL LBAIUIGB SUBC(IUUT'l'BE 

Ted Hartson, Chairman 

During 1987 the signal leakage subcommittee 
assisted the NCTA in providing input for FCC 
filings regarding A/B switches, set-top devices 
and more recently in the pending docket on Part 15 
standards. The subcommittee provides assistance 
to state associations and operators, by providing 
speakers and information to assist in the 
formulation of aggressive signal leakage programs. 

As we approach the June 1990 deadline for 
aeronautical offsets and CLI compliance, signal 
leakage, its investigation and containment will 
become even more important to the industry. The 
subcommittee welcomes inquiries and participation 
by interested parties. Further information may be 
obtained from the NCTA Office of Science and 
Technology. 

1988 TECHNICAL PROGRAM SUBC(IUU'l"l'BE 

Wendell B. Bailey, Chairaan 

CHARTER 

To choose topics, moderators and panelists 
(speakers/authors) for ten nine,y-minute technical 
sessions and authors for papers printed in NCTA's 
annual convention proceedings, ~£!~!~ch~lcal 
Papers. 

ACCOMPLISHMENTS 

The five-member team choosing participants-for 
the 1988 show selected thirty four technical paper 
proposals from a field of eighty five responses to 
the "Call for Papers•. 
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Joint EIA/NCTA Engineering Committee 

1987 Subcommittee Annual Report 

Walters Ciciora, Ph.D., Chairman 
Vice President, Technology 

American Television and Communications 
Englewood Colorado 80112 

Charter 

To establish and maintain dialogue 
between the cable and consumer 
electronics industries for the purpose of 
studying and resolving engineering 
matters of common interest. 

Background 

The Joint EIA/NCTA Engineering Committee 
was formed in 1982 under the leadership 
of Bob Rast, whose many years of 
experience with RCA and whose position at 
ATC facilitated the construction of a 
bridge between the cable and consumer 
electronics industries. Many loyal souls 
have served the purposes of the committee 
over the years. 1987 saw serious 
economic difficulties in the consumer 
electronics industries and the transfer 
of ownership of major assets. This 
brought early retirement to several of 
the committee's strongest contributors. 
Tom Mock of the EIA continued his 
invaluable services as facilitator. To 
all of these, both industries offer their 
thanks. 

While the primary purpose of the 
committee is communication between the 
two industries, a secondary and perhaps 
more visible role is the creation of 
voluntary technical standards to improve 
performance of consumer electronics 
products when used on cable systems. 
These standards do not have the force of 
law but depend on the good will of the 
participants for there efficacy. This 
approach has been successful in the past. 

Accomplishments 

The committee's first major 
accomplishment was the creation of a 
frequency channelization interim 
standard, IS-6. A significant part of 
this standard is the definition of an 
orderly procedure for numbering increased 
channel capacity on cable systems and 
adding new tuning capability to consumer 
electronics products. This work has 
subsequently achieved full standard 
status and is designated as EIA 542. 

The second accomplishment was the 
agreement on IS-23, the RF cable 
interface interim standard. The standard 
was subsequently tabled until further 
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research into quantifying the need for 
stronger direct pick up, DPU, 
requirements was completed. 
Simultaneously, an investigation on the 
practicality of better DPU hardware 
techniques was carried out. 

The third accomplishment was the 
ratification of IS-15, the baseband 
decoder interface interim standard and 
agreement on an intermediate frequency 
interface recommended practice. Several 
manufacturers of TV receivers have 
introduced product with IS-15 plugs on 
the back. Most of the manufacturers of 
cable descramblers have developed 
prototype units and some are working to 
bring them to production. Cable 
operators have placed purchase orders for 
these units and are awaiting delivery. 

Some difficulties over detailed 
interpretation of the IS-15 
specifications have been experienced and, 
as of this writing, appear to have been 
resolved. A consequence of this has been 
a careful review of the interim 
specification with the goal of tightening 
up the language. 

Since the creation of IS-15, a major 
change in direction has been taken by the 
consumer electronics industry in the 
methods of transporting video between 
devices. The advent of Super-VHS and EO
Beta have brought along with them the "S
plug" which embodies a new method for 
video transfer, the "C/Y" format. The 
committee is finalizing a procedure for 
optionally carrying this electrical 
format. Mechanical conversion is by 
adapter plug or a cable with appropriate 
terminations. 

currently, considerable attention is 
being given to approaches for 
implementing "pay per view" and other 
services in an IS-15 environment. 
Ideally, the subscriber uses only one 
remote control hand unit •to operate all 
functions including impulse purchase of 
video or home shopping wares. 

Prototypes of TV receivers and decoders 
have been demonstrated at the 1986 and 
1987 Western Cable Shows and the NCTA 
Convention in 1987. Papers have been 
presented in both technical and 
management sessions at these shows. In 
addition numerous other forums and 
publications have been used to publicize 
the work of the committee to both 
industries. Of special note are cable 
papers at the IEEE's International 
Conference on Consumer Electronics (ICCE) 
and papers at the Montreux Television 
Symposium in Switzerland. 



Future Activities 

Two major goals for 1988 are to bring the 
IS-15 Multiport Interim Standard to full 
standard status and to make progress on 
IS-23. 

Of course the primary subcommittee goal 
of maintaining dialogue between the two 
industries will continue to receive 
attention. A special effort in this 
regard is a short course on cable 
practice for non cable engineers to be 
presented ahead of the IEEE ICCE in June 
in Chicago. Consideration is being given 
to ways of increasing awareness of us 
cable practice among the consumer 
electronics designers of Japan and other 
far east countries. 

The EIA Multiport needs a success story. 
Work continues on putting all the pieces 
together to demonstrate the full power of 
the concept. 

SPACE WARC 

Paul A. Heimbach 

1. Represent the NCTA in the preparation for the 
August, 1988 Conference on the Use of the 
Geostationary Satellite Orbit and the Planning 
of the Space Services Utilizing it (SPACE 
WARC). 

2. Maintain a liaison between the NCTA and the 
United States organizations, private and 
governmental, that are preparing the U.S. 
positions to be presented at the SPACE WARC 
Conference. 

3. Ensure that cables' interests from the 
perspectives of cable operators, program 
distributors, equipment manufacturers, and 
other NCTA members are represented in the u.s. 
positions at the SPACE WARC conference. 

1987 ACCOMPLISHMENTS 

Monitored and participated in those SPACE WARC 
activities that will significantly affect the 
continued operation of the u.s. domestic satellite 
service. In particular, the creation of new 
planning procedures for the currently used C and 
Ku FSS bands have been the major areas of concern. 
The u.s. is attempting to fabricate a planning 
procedure that will provide fair and equitable 
access to the geostationary arc for all countries 
while preserving the flexibility and service 
continuation assurances that exist today. 

The SPACE WARC meeting will convene in Geneva, 
Switzerland in August, 1988. 

PLANS FOR 1988 

Participation in activities that are a result 
of the 1988 SPACE WARC Conference. 

ARRL/NCTA LIAISON 

Robert v.c. Dickinson 

There has been very little action in this area 
in some time. Brian James and Bob Dickinson are 
the only current active liaisons between 
NCTA and the American Radio Relay League. 

There have been no formal leakage complaints 
forwarded through the ARRL within the last year. 
Our periodic checks with ARRL members indicate 
that the general feeling is that things are more 
or less under control. ARRL is now more concerned 
about the Part 15 rewrite and feel that they have 
a good working relationship with NCTA. 

During the coming year we expect to maintain 
our liaison function while urging continued 
cooperation of cable operators with local amateur 
groups, since this has seemed to have been the key 
to our greatly improved relations. There is a 
possibility that additional testing of leakage 
implications in the upstream cable channels will 
be initiated during the coming year. 

IBBB LIAISON 

Lawrence W. Lockwood 

The Institute of Electrical and Electronics 
Engineers, Inc. is the world's largest 
professional engineering society. A few of the 
30+ special interest Societies in IEEE address 
issues in journals, committees and standards
setting groups that affect the cable TV industry. 

Due to agreements obtained by liaison with 
IEEE committee members special reciprocal 
publishing arrangements have permitted NCTA 
technical papers to be reprinted in IEEE 
Communication. Society journals. 

On the standards front, work on Local Area 
Network standards, the 802.7, is progressing 
satisfactorily. It is likely to reach IEEE final 
approval by the end of 1988. The standard will 
then proceed to ANSI for concurrence and issuance 
as a combined standard for the u.s. 
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ADVANCED 'N SYSTBMS COMMITTEE (ATSC) LIAISON 

Jud Hofmann 

PURPOSE 

The ATSC has been the national forum for 
consideration of a new national TV system(s), and 
methods of enhancing our existing system. It is 
important to track the progress made by the ATSC, 
so that the cable industry can be kept informed 
of, and influence, events which will shape its 
future in the next few years. 

1987 EVENTS 

The ATSC began 1987 with the decision of how 
to handle the next step in the establishment of a 
production, or studio, standard for HDTV. The 
effort in the CCIR to establish the 1125/60/2:1 
system as a world standard has run into strong 
resistance from the European governments: this 
resulted in a CCIR decision to defer its decision 
on a single worldwide standard. The decision in 
the ATSC as to what the next step would be was 
relatively straightforward: make the 1125/60/2:1 
system a US standard in cooperation with the 
SMPTE. 

That activity was one of two focal points for 
the HDTV Technical Group: in the latter part of 
1987, SMPTE finished the document defining the 
parameters of the signal waveform and the 
parameters of signal interchange between 
equipment. 

Transmission testing and transmission 
demonstrations were the second focal point of the 
HDTV T/G in 1987. Preliminary tests were being 
made in the UHF to look for differential 
transmission characteristics between separated 
channels. Plans went forward for testing at 
frequencies above 1 GHz. Liaison between the NCTA 
HDTV Subcommittee and the ATSC T3S4 testing was 
tightened up. 

The demonstration transmissions of MUSE HDTV 
in Washington DC and Ottawa, Canada went a long 
way to awaken broadcasters, cable people, 
Congressmen, and the FCC to the reality of HDTV. 
Partially as a result of this, the FCC opened an 
Inquiry into HDTV. 

As a result of the sudden awareness of HDTV 
across the nation, the ATSC is suddenly growing in 

membership. 

1988 ACTIVITY 

1988 will be a critical year for the AT~C. 
The FCC Inquiry is said to exist only to br1ng 
forth the critical issues in broadcast HDTV, not 
to choose a system. Presumably, this means that 
the ATSC will get that task. The ATSC must 
organize itself to handle this task, and the cable 
industry must strongly participate in the process. 
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BIA CONSUMER BLBC'l'RONIC BUS <XMIIT'l'EB LIAISON 

Jud Hofmann 

PURPOSE 

The CEBC is generating standards for residen
tial communications on many media, but the most 
important is the coaxial bus (CXBus). It is 
expected that this media will be used to deliver 
cable signals and the output of converters around 
the home. 

The second most important media is InfraRed (IR), 
which can be used for universal remote controls. 

1987 EVENTS 

The topology of the CXBus and the node 
structure needed to get signals on and off the bus 
were defined. The primary contribution was from 
Scientific-Atlanta, and arrangements are being 
made to build a prototype. 

The importance of the prototype, in addition 
to testing performance factors, is to determine 
the leakage problems that the CXBus will present 
and to find methods of solving them. 

Coding and modulation method to be used for 
the IR media have been defined, and prototyping 
equipment will be built to test the ability of the 
system to reject interference from present remote 
control systems. 

1988 ACTIVITY 

Finish prototyping and testing, begin 
circulation of draft CEBus Standard. 

SCTB LIAISON 

William Riker 

Inform NCTA Engineering Committee membership 
of current activities of the Society of Cable 
Television Engineers, Inc., often requesting input 
concerning specific programs or issues. SCTE 
representative will also update its Board of 
Directors on action taken at Engineering Committee 
meetings and make recommendations as to how the 
Society can best support the efforts of the 
Committee. 



HBSC LIAISON 

James Kearney 
Brian James, Alternate 

The Cable Television industry has been 
represented on the NESC Committee since the late 
70's for the purpose of monitoring and 
contributing to the code writing process. It has 
been the practice of NCTA representatives to 
report on the activities of the NESC and to 
support the interests of the Cable Television 
industry throughout the code writing and 
interpreting process. 

Initial Change Proposals to the 1987 NESC are to 
be Published April 15, 1988. 

In November and December, 1987, the first of 
two series of NESC Subcommittee meetings were held 
to solicit changes to the 1987 NESC and to record 
the proposed changes. Change proposals have been 
submitted for all sections of the Code. This 
includes sections on Purposes, Grounding, 
Clearances, and Underground, which are 
particularly important to the CATV industry. 
These changes are being printed and will be 
available to the public on April 15, 1988 for 
comments. Copies of the change proposal preprint 
can be obtained through ANSI or through the NESC 
office in New York after April 15. 

Anyone may submit comments in writing, 
directed to the appropriate sub-committee. 
Deadline for public comments is September 30, 
1988. A series of subcommittee meetings will be 
held to review and respond to all comments 
received. The responses will include the text of 
the subcommittee action and the minutes of the 
subcommittee meeting. Full details of the 
procedures for public comment will be made 
available with the change proposals after April 
15, 1988. 

Suaaary of Major Changes 

• More than 150 change proposals have been made. 
An effort is being made to consolidate similar 
sections and simplify troublesome sections of the 
code. The new code "'ill be •revenue neutral". 
This means that present users will realize little 
or no increased costs as a result of changes in 
the code. 

• The proposed changes include rewritten 
clearance tables to reduce the extensive and 
confusing footnoting in the existing code. 
Changed Sections include 232, 233 and 234. 

• Fiber optic cable is better defined. There 
have been efforts to allow fiber optic cable 
attachments at less than 40 inches below supply 
conductors. The 40 inch requirement will not 
change. Fiber may be defined as a Communications 
or Supply Class cable but this classification will 
be made dependant on the classification of the 
line's service and its maintenance personnel. 

FUTURE ACTIVITIES 

NCTA members are encouraged to suggest to the 
Engineering Committee any modifications or 
additions to the NESC that may be considered 
desirable for reasons of safety, economy or 
clarification. Proposals for changes will be 
submitted through the NESC representatives, with 
the advice and consent of the Engineering 
Committee. NESC representatives will continue to 
report on the code writing process. 

=======:================================== 

STANDARDS SUBCOMMITTEE 

Michael F. Jeffers, Chairman 

To determine the best method (or 
methods) for measuring parameters that can 
ascertain the proper operation of a cable 
system and to establish performance 
criteria for good engineering practice. 
Further, to publish this information in 

the ~~!~-~~££~~~rr~~~-~~~~~i~~~-f~~ 
~~~!~~~~~~!!_Q~-~~~l~-!~l~Yi!iQ~-~~!~~~~ 
notebook. 

NATIONAL ELECTRIC CODE LIAISON 

James Stilwell 
215/885-6350 

SMARTBOUSE PROJECT LIAISON 

Wendell H. Bailey, Jr. 
202/775-3637 

========================================== 
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NEXT GENERATION 
C-BAND SATELLITE SYSTEMS 

FOR CABLE PROGRAM DISTRIBUTION 

Bruce R. Elbert 
Director 

Galaxy Systems 
Hughes Communications, Inc. 

Abstract 

C-band satellite transmission is the 
established standard for the delivery of 
cable TV programming to cable headends. 
The basic 24 transponder design is used by 
every cablenet satellite, greatly 
simplifying ground equipment design and 
minimizing investment cost. The current 
generation of cable satellites, including 
Galaxy I and III, Satcom 3R and 4, will 
exhaust its fuel supply during the 1992 to 
1995 timeframe; therefore, a new genera
tion of C-band satellites will be launched 
as replacements. The technology to be 
incorporated into the replacements will 
add capability but will not cause the ex
isting c-band ground infrastructure of 
antennas and receivers to be obsolete. 
The features that we foresee for the re
placements include higher power, longer 
life, improved reliability and inter
ference protection. 

Introduction 

C-band satellite transmission is the 
established standard for the delivery of 
cable TV programming to cable headends. 
Receiving a wide array of video and audio 
programming is a ground infrastructure of 
C-band antennas and associated electronics 
worth in excess of $500 million. These 
facilities are standardized on the fre
quency plan of the current generation of 
C-band satellites. Antenna diameters in 
the range of 3 to 5 meters are also part 
and parcel of cable TV networks, which is 
consistent with the satellite power levels 
and benign propagation environment. 

This solid foundation provides the motiva
tion for satellite operators to solidify 
their plans for the next generation of c
band cable satellites. A representation 
of the geostationary arc serving the 
United states and the satellites therein 
is provided in Figure 1. The current 
generation of cable satellites, including 
Galaxy I and III, and Satcom 3R and 4, 
will reach end of life during the 1992 to 
1995 timeframe. End-of-life is predict
able since it is mainly based on the fuel 
supply to the on-board propulsion system, 
which is used to maintain orbit position. 
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Figure 1. C-Band SateWtes Serving the United States 

A new generation of satellites will re
place that now operating, employing sig
nificant technology improvements derived 
over the past five to ten years. 

A key point throughout is that any new 
characteristic will add capability but 
will not cause the existing C-band ground 
infrastructure of antennas and receivers 
to become obsolete. 

Communications Performance 

The basic 24 transponder design is used on 
every cablenet satellite and this arrange
ment will be maintained in future satel
lites. In its Two-Degree Spacing Order. 

the FCC has stated its intention to stan-
dardize on this plan, which is illustrated 
in Figure 2. There are two orthogonal 
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Figure 2. C-Band Frequency and Polarization Plan 



linear polarizations, Pl and P2,. ~ach 
containing 500 MHz of spectrum d1v1ded 
into 12 transponders. The sense of Pl and 
P2 is reversed on adjacent satellites to 
improve isolation from interference. 
consequently, particular orbital slots are 
designated for a particular sense, e.g., 
Pl is horizontal for Galaxy 1 at 134°W and 
it is vertical for Satcom 3R at 131°W. A 
generalized repeater block diagram of a c
band satellite is shown in Figure 3. 

P2 
AaC..nna 

PI 
Antenna 

Output 
Multtplezer 

Figure 3. SateWte Repeater Block Diagram 

We can expect that the footprint of the 
next generation C-band cable satellites 
will remain unchanged, as illustrated in 
Figure 4. From any of the established 
cable satellites, coverage of 50 states is 
possible, including portions of the Carib
bean. The aspect that will be modified is 
the radiated power level of the 
transponders. 

The current generation of Hughes and GE 
satellites employs power amplifiers with 
powers in the range of 5 to 10 watts. For 
a footprint like that in Figure 4, the 
effective isotropic radiated power (EIRP) 
over 80 to 90% of the land mass of the 
Continental United states (CONUS) is ap
proximately 33 to 36 dBW. Experience has 
shown that at 36 dBW such as Galaxy I 
transmits commercial quality for cable 
programming is achieved with a receive 
antenna of 3.2 meters or greater diameter. 
This size is considerably smaller than the 
5 meter antennas first employed in TVROs. 
The larger size was dictated by the 5 watt 
power levels of the first domestic satel
lites; in addition, early spacecraft 
antennas were less efficient than current 
technology and hence provided lower over
a ll gain. 

In the next generation of Galaxy satel
lites, overall EIRP within the footprint 
will be increased by approximately 3 dB to 
about 39 dBW (a factor of two in power) by 
a combination of factors. First, the 
power output of each amplifier will be 
increased to approximately 16 watts, rep-

Figure 4. Downlink Footprint of Galaxy I 

resenting a change of 2 to 2 . 5 dB. The 
types of amplifiers to be employed a r e the 
traveling wave tube amplifier (TWTA) and 

the solid state power amplifier (SSPA) . 
TWTAs have been around since the first 
geosynchronous satellite was launched in 
1963. Their performance and reliability 
are both well understood. A few of the 
current satellites employ SSPAs al·though 
TWTAs still dominate. A comparison of 
salient properties of the two amplifier 
types is presented in Table l. 

Table 1 

A Co•pariaoB ot TWTA &Qd SSPA Properti•• at c-band 

TW'l'A SBPA 

current power levuls ( watts) 8 t o 1 6 6 to 9 

Efficie ncy, RF OUt/ DC in ( \) 3 3 t.o 4 0 25 to 

we ight (lbs) 2 t o 3 ) t o 4 

Li fetime, min imum (years) 1 2 20 

The power from space-proven TWTAs is al
ready adequate to meet the needs of the 
next generation o f Galaxy satellites . 

3 0 

With regard to SSPAs, power must be i n
creased by a factor of approximately two, 
primarily by paralleling two amplifier 
modules. This tends to increase weight 
while overall efficiency can be expec ted 
to decline slightly . In an overall sense, 
the performance of SSPAs for video trans
mission from space is less satisfactory 
than that of TWTAs. However, the TWT it
self has a wearout mechanism not present 
in the SSPA. For lifetimes of 12 years or 
less, and provided that redundant am
plifiers are on board, the TWTA will pro
vide reliable service. 

The rest of the increase in EIRP for 
Galaxy is provided through increased ef
ficiency of the spacecraft antenna. Ap
proximately 0.5 dB of gain enhancement 
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over the footprint results from better 
antenna beam shaping with an advanced feed 
horn array. On top of this, a reduction 
in power loss through the output multi
plexer and feed system will increase power 
delivered to the reflector by another 0.5 
dB. 

Impact ot Higher BIRP 

The 3 dB increase in EIRP can contribute 
measurably to the quality and utility of 
cable video transmissions. However, care
ful consideration must be given to the 
regulatory environment and the potential 
for interference with adjacent satellites. 
A primary test for C-band satellite radia
tion levels is the spectral power flux 
density which falls in a neighboring coun
try. International and FCC regulations 
stipulate that the maximum flux density at 
the earth's surface shall not exceed 

-152 dBWjm2 for E ~ 5° 

-152 + 1/2 (E - 5°) dBW/m2 
for 5° < E < 25° 

-142 dBWjm2 for E > 25o 

in any 4 kHz band, where E is the earth 
station elevation angle in degrees. Video 
transmissions must employ energy dispersal 
to spread the power of strong spectral 
components. 

The worst case for a satellite ~ith the 
type of footprint shown in Figure 4 and 
providing 38 dBW over CONUS is -154.2 dBW/ 
m2 at the northeast corner of Maine on the 
Canadian border. The regulatory limit at 
this point, where the elevation angle is 
7.2°, is computed as follows 

-152.0 + 1/2 (7.2° - 5°) = -150.9 dBW/m2. 

The difference between -154.2 and -150.9 
represents a positive interference margin 
of 3.3 dB; therefore, the power flux den
sity limit is met. All other points along 
the borders have greater margins. 

In terms of adjacent satellite inter
ference, Figure 5 summarizes an analysis 
of the carrier to interference ratio (C/I) 
as a function of orbital separation. Two 
cases are examined: one for a 5 meter 
receiving antenna and the other for the 
newer 3 meter antenna. The data demon
strates that adequate protection from 
interference is afforded, even for a 
receiving antenna of 3 m-diameter. 

The question naturally arises as to the 
purpose of raising the EIRP in the first 
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Figure 5. Adjacent Satellite Interference (C·Band) 

place. Perhaps the most fundamental bene
fit is an increase in overall link margin, 
which is quantified in Figure 6. The 3 dB 
EIRP increase will raise overall link per
formance for the 3 meter antenna by ap
proximately 2.5 dB. The popularity of the 
3 meter class antenna for cable reception 
is enhanced by this added margin, since 
both reliability and noise suppression 
improve. Terrestrial interference in ur
ban areas will be diminished in its effect 
by the added margin. 
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Figure 6. TV Link Margin va Satellite EIRP 

Antennas in the 4 to 5 meter range will 
produce somewhat higher quality video sig
nals for standard NTSC transmissions. 
However, the real payoff in the future 
could be in High Definition Television 
(HDTV) which will require 3 to 6 dB more 
EIRP (depending on system finally adopted) 
than does NTSC. In many cable systems the 
3 dB increase would support HDTV without 
increasing the size of the ground 
antennas. The standard transponder 
bandwidth of 36 MHz is adequate to support 
HDTV signals such as MUSE, the NHK HOTV 
system. 



spacecraft Characteristics 

The communications requirements just 
described can be supported by spacecraft 
of comparable design to those now operat
ing. Some upgrade in payload weight and 
power would be necessary to handle the 50% 
increase (2dB) in power requirements. The 
impact on a standard spacecraft "bus" 
design such as the Hughes HS-376 is quite 
minimal. The total "dry" weight (exclu
sive of fuel) increases from 1100 lbs to 
1400 lbs, representing only a 25% chang~. 
Much larger spacecraft, with their atten
dant complexity and financial risk, are 
not required. 

The lifetime of the next generation of 
satellites will increase from 10 to ap
proximately 12 years even though dry 
weight will increase. This will be ob
tained through launch vehicle performance 
improvements and next generation propul
sion systems. In Figure 7, the expected 
lifetime is presented for each of three 
available expandable launch vehicles: 
Ariane IV, Delta II and Long March 3. In 
the future, no space shuttle flights are 
anticipated for commercial purposes. The 
Titan rocket, while on the commercial 
market, is matched to much larger payloads 
and is not as appropriate for this class 
of satellite. 

LUo, 
Yean 

ArlaDo IV Delta U LoDa' 1lluch 3 

Figure 7. Expendable Launch Vehicle Performance 

Other Considerations 

Beyond the issues of EIRP and orbital 
lifetime, there are a few other enhance
ments that can be foreseen. The 
reliability of current domestic satellites 
has proven to be very high once final or
bital station is reached. The end-to-end 
link availability at C-band is typically 
99.9%, which is considerably better than 
can be obtained with terrestrial transmis
sion systems. To obtain this level of 
availability at Ku band requires higher 
satellite EIRP and ground antennas of 3 to 
5 meters. 

The portion of the spacecraft most prone 
to outage is the same power amplifier used 
to generate EIRP. Occasional failures of 
TWTAs and SSPAs have been experienced, and 
the best remedy is to have spare am
plifiers on board the satellite. With an 
appropriate switching scheme, a failed 
amplifier can be replaced with a spare in 
a matter of minutes. The obvious ad
vantage of this approach is that a change 
of frequency is not required. Current 
cable satellites have either 1 spare for 4 
operating amplifiers (called 5 for 4) or 1 
spare for 6 operating amplifiers (7 for 
6). There are limitations on how spares 
can be switched in. In the next genera
tion, we recommend an increase in the num
ber of spares, so that satellites have 
either a 5 for 4 or 6 for 4 scheme. Also, 

switching can be improved so a spare can 
replace any of a number of failed am
plifiers and operating amplifiers can be 
interchanged. 

A consideration which gained notoriety in 
the past few years is double illumination 
and intentional interference. Some of our 
worst fears seemed to be confirmed with 
Captain Midnight. Of course, one ~r two 
incidents like this is really minor in the 
grand scheme. Some control of the threat 
is possible by including a commandable 
variable attenuator, illustrated in Figure 
3. A low powered intruder can be sup
pressed be activating the attenuator and 
increasing the uplink power of the au
thorized video uplink by the amount of 
attenuation. Other modes and uses are 
possible. 

Conclusion 

Providing these added capabilities of 
greater EIRP and longer life in the next 
generation can be done without added tech
nical risk. Cable programmers and system 
operators can therefore expect continuity 
of service and even higher levels of 
quality and reliability. Finally, these 
benefits can be obtained at costs con
siderably below those of the class of Ku 
band satellites need to provide similar 
service. 
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OPTIMIZATION OF SUBSCRIBER SIGNAL QUALITY 
THROUGH LOCAL DISTRIBUTION MICROWAVE 

T. M. STRAUS 

Hughes Aircraft Company 
Microwave Communications Products 

ABSTRACT 

Although the era of high definition television 
(HDTV) may not yet be quite upon us, there can be little 
doubt that new CATV system designs and upgrades must 
increasingly strive to provide improved signal quality to 
subscribers to enhance the competitive stance of the 
CATV system. This paper addresses some of the quality 
criteria that will most likely be required of future CATV 
systems. As in the past, local distribution service (LDS) 
microwave can play an important role in achieving this 
improved system performance. One obvious technique is 
to reduce the length of trunk amplifier cascades by 
increasing the number of receiving hubs. However, the 
improved quality imposes more stringent requirements on 
the microwave link. It is shown that recent improvements 
in microwave systems and technology can accommodate 
these requirements. Specific examples are provided that 
illustrate how microwave system elements can be config
ured to meet the needs of CATV systems that will carry 
the HDTV signals. 

INTRODUCTION 

One of the primary motivations for the development 
of LDS microwave in the late 1960s was the potential for 
improvement in cable system signal quality. The idea was 
to reduce the length of trunk amplifier cascades, thereby 
improving carrier-to-noise ratio (C/N) delivered to the 
farthest subscriber. It was also felt that maintainability 
would improve if shorter trunk cascades were utilized. 
This, in fact, has proven to be the case in numerous 
instances. Bilodeau has provided the example of Suburban 
Cable in Essex County, New Jersey,! That reduction of 
trunk amplifier cascade lengths tends to improve quality, 
maintainability, and reduce outages is a fact that has 
more recently been recognized to potentially apply to 
other transmission technologies.2 A key requirement is 
that each hub site, and the connection to it, be low in cost 
and simply implemented. The outdoor-mountable, cable
powered Hughes AML® microwave receiver shown in 
Figure I has widely fulfilled this requirement for the 
cable industry. 

While AML microwave has been utilized since 1971, 
the quality requirements imposed on the microwave link 
have become increasingly stringent over the years. 
Initially, the receiver microwave AGC threshold was set 
for 45 dB C/N, but already in 1972, this was increased to 
48 dB. In 1976, the factory-set threshold was raised to 
50 dB, and by 1981, it was again raised to 53 dB. The 
threshold could, of course, be adjusted in the field to any 

Figure I Typical CATV system AML hub. 

desired value, limited only by the link margin and distor
tion considerations, but the above-cited progression of 
C/N ratio settings is indicative of the increasingly tighter 
standards imposed by the CATV industry. To accommo
date these requirements and still maintain link margins, 
especially over longer paths, it was necessary to provide 
II dB increased transmitter output capability with a klys
tron amplifier dedicated to each channel and then to 
provide a further 3-dB increase through improved upcon
verter linearity. At the same time, the receiver noise 
figure was reduced from 13 dB to I 0 dB, and then through 
the introduction of low noise amplifiers (LNAs) to 7 dB 
and 5 dB) Most recently, the increase of channel loading 
up to 80 channels necessitated improvement in second-and 
third-order distortion characteristics.4 This steady 
evolution of the AML microwave in response to tighter 
CATV system needs has also witnessed the introduction of 
new classes of equipment, such as the active repeater and 
the microwave feed forward amplifier ),6 These past 
developments have set the stage for further improve
ments required to meet the future needs of CATV systems 
approaching the era of high definition television. 

SYSTEM REQUIREMENTS 

Overall minimum CATV system performance recom
mendations can presently be found in NCTA Recom
mended Practices for measurements on cable television 
svstems. Similar information is contained in the Canadian 
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Technical Standards BP-23. These are minimum stan
dards, and in many cases, cable systems are even today 
designed to meet tighter requirements. In anticipation of 
the advent of advanced television systems (ATV), includ
ing HDTV, there exist presently ongoing investigations to 
more fully characterize actual cable systems. At the 
same time, the various proposed ATV systems are under 
evaluation with regard to their robustness in the face of 
nonideal transmission media. The investigation being 
conducted in support of the HDTV subcommittee of the 
NCTA Engineering Committee will contribute to a wider 
study by the Advanced Television Systems Committee, 
which will formulate recommendations dealing with deliv
ery standards for HDTV .7 

Although a general consensus exists to the effect 
that some improvements in the cable plant will be 
required to accommodate ATV, there are as yet no 
agreed-upon numbers to provide firm guidance to the 
CATV system design. The problem is compounded by the 
fact that different ATV systems will undoubtedly exhibit 
a varying degree of susceptibility to transmission system 
impairments. However, it has been tentatively suggested 
that a 6-dB improvement of C/N (to 49 dB at the farthest 
subscriber) might be a logical design objective.8 C/N is, 
of course, only one of several system performance param
eters that are under investigation. Other parameters that 
are also of potential concern to elements of a CATV 
system and the LDS microwave are reflections, phase 
noise, frequency response, envelope delay, and distortion, 
including quadrature intermodulation. 

A scenario that nearly meets the 49-dB C/N objec
tive has been proposed by Switzer.9 In his Table 3, he 
allocates 56 dB to the supertrunk, the role which can be 
played by AML microwave. Although this can represent a 
challenge when utilizing the lower cost block conversion 
type transmitters, this C/N requirement can be met in a 
large number of existing AML systems and is also fur
thered by recent AML improvements. Other CATV sys
tem parameters, although not yet allocated to the subsys
tems, including supertrunk, can also be improved with new 
AML developments, which are described in the following 
section. 

If the signal being carried is reasonably robust, 
there is no intrinsic reason why existing CATV systems 
cannot provide a satisfactory transportation medium. 
This was most recently demonstrated at the 1987 HDTV 
Colloquium in Ottawa, Canada, where side-by-side HDTV 
display of signals directly received via satellite and 
satellite signals carried over Ottawa's Skyline Cable, 
including AML, were essentially indistinguishable. The 
signal in question was, however, MUSE in FM format, so 
that close to 30-MHz bandwidth was required. On the 
other hand, carriage of spectrum-conservative VSBAM 
television signals over AML microwave need not be asso
ciated with any significant degradation in picture quality. 
Indeed, baseband signal-to-noise ratio in excess of 63 dB 
has been demonstrated)O Other baseband performance 
criteria were generally in conformance with the rigid 
short-haul requirements of RS250B. However, cable sys
tems do not normally employ the test equipment type 
quality VSBAM modulators (and demodulators) used in this 
demonstration. Nor are the baseband parameters 
routinely measured in AML production, since, in fact, 
VSBAM modulators and demodulators are not generally a 
part of the microwave link equipment. It is nevertheless 
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clear that greater care will be required both in the 
operation and design of standard AML systems utilized by 
the cable industry if these systems are to meet the higher 
standards associated with carrying ATV signals. 

AML PERFORMANCE PARAMETERS 

1. Carrier to Noise Ratio - The principal source of 
thermal noise in AML microwave systems is usually noise 
generated within the receiver. In this case, the micro
wave AGC circuit maintains a constant C/N once the 
input exceeds the microwave AGC threshold. Adjustment 
of the threshold therefore controls C/N, provided suffi
cient signal is available to reach and exceed the thresh
old. The receiver parameter that determines the equiva
lent input noise level at threshold is the noise figure. For 
instance, an 8-dB noise figure receiver has an equivalent 
input noise power per 4 MHz bandwidth of -100 dBm. If 
the AGC threshold is set to -47 dBm input, the C/N will 
be 53 dB. The recently introduced 550-MHz receiver, 
which incorporates a single-stage LNA inside the AGC 
loop, is factory set in just such a manner and provides an 
80-channel composite triple beat (C/CTB) of 80 dB. If, 
instead of a single-stage LNA, a 2-stage LNA is inserted 
into the AGC loop, the receiver noise figure is improved 
to under 6 dB. The AGC threshold could then be set for 
-49 dBm, while still providing the same 53 dB C/N. How
ever, because of the increased LNA gain, the 80- channel 
C/CTB would be degraded to 70 dB. 1f then one wished to 
improve C/N to 56 dB by resetting the AGC threshold to 
-46 dBm, the resultant 80-channel C/CTB would be 
further degraded to 64 dB. Although this still allows 
margin to the 53 dB C/CTB (CW measurement) NCTA 
CATV system performance objective, it does eat into the 
overall budget, particularly if the calculation assumes 
voltage addition of third-order distortion products. 
Further improvement in receiver linearity was therefore 
desirable if 80-channel operation at 56 dB C/N was 
contemplated. 

Figure 2 is a photograph of the new compact out
door receiver (COR), which provides this improvement. 
Table I summarizes its key performance parameters. The 
phase-lock receiver block diagram is essentially the same 
as in the 550-MHz receiver introducted in 1987.4 That is, 
it incorporates both an LNA and separate microwave and 
VHF AGCs. The main change is that the temperature 
control housing is not used, thus making possible a sub
stantial reduction in weight and power consumption. The 
new compact housing is designed for optimal thermal 
transfer under maximum ambient temperature conditions. 
This permits use of a high-power solid-state source to 
drive a high-level mixer with improved distortion per
formance in the dual-stage LNA version of the receiver. 
The distortion performance thus achieved allows setting 
the C/N to 56 dB, even with 80-channel loading. 

The two COR configurations described by Table I 
are not the only possible cases. For instance, the dual
stage LNA could be housed within the receiver, but 
outside the AGC loop as in a tower mounted LNA 
application. In that case, the receiver noise figure is less 
than 5 dB, but the receiver is now vulnerable to a signal 
overload condition. The 3-IM output intercept point of 
the LNA is specified as a minimum of 24 dBm. From this, 
and a nominal LNA gain of 15 dB, one can calculate that 
80-channel C/CTB would fall below 69 dB for input sig
nals in excess of -44 dBm. Thus, for heavy channel 



Figure 2 Compact outdoor receiver. 

TABLE I 

COMPACT OUTDOOR RECEIVER (COR) PERFORMANCE 

WITH WITH 
SINGLE-STAGE DUAL-STAGE 

LNA IN AGC LNA IN AGC 

NOISE FIGURE, dB 8 6 

C/CTB (dB) FOR C/N ~ 56 dB 

80 CHANNELS 74 69 
40 CHANNELS 80 75 

C/CSB (dB) FOR C/N ~ 56 dB 

80 CHANNELS 63 67 
40 CHANNELS 66 70 

OUTPUT FREQUENCY 0 Hz (PHASE LOCKED TO AML 
ERROR TRANSMITTER) 

FREQUENCY RESPONSE, dB 

54-550 MHz OUTPUT ±1.5 ±1.5 

AGC 

MICROWAVE THRESH- -44 dBm -46 dBm 
OLD (56 dB C/N) 

VHF RANGE, dB 12 12 
NOMINAL OUTPUT, +20 +25 

dBmV 
COMBINED MICROWAVE ±1 ±1 

AND VHF FLATNESS, dB 

WEIGHT (lbs) 45 45 

INPUT VOLTAGE( 1) 40-60 VAC 40-60VAC 

POWER REQUIRED (WATTS) 50 60 

TEMPERATURE RANGE -40° TO +1200F -40o TO +120°F 

(1)CABLE POWERED. -48 VDC INPUT ALSO POSSIBLE. 

loading and/or strong signal conditions, careful consider
ation should be given to assess which receiver/LNA con
figuration is most suitable. 

Further improvement in overall receiver perform
ance is possible if the LNA noise figure is improved 
without degrading the third-order distortion performance. 
Recent FET technology improvements make a 2-stage 
LNA noise figure of 2.5 dB readily achievable. Investi
gation is presently under way to determine whether this 
can be done while maintaining the 24 dBm 3-lM intercept. 
If so, the aforementioned overall 6- and 5-dB receiver 
noise figures would improve to better than 5 and 4 dB, 
respectively. 

The receiver is not the only possible source of 
thermal noise. The transmitter, particularly a low cost 
block conversion transmitter in which the output signal 
must be backed way off to avoid excessive C/CTB, can 
also degrade overall link C/N. Of course, if a path fade 
occurs, the transmitter noise is attenuated along with the 
signa!, so the transmitter's contribution to a faded 35-dB 
C/N is negligible. However, during clear weather, the 
transmitter contribution (as well as any other headend 
noise) must be considered. Careful design is required to 
ensure that no active element within the transmitter 
operates at a signal level low enough to significantly 
degrade the microwave system C/N. The problem is 
really no different than in classic CAT'J' system design, 
when both distortion and noise need to be taken into 
account. The situation becomes particularly acute if the 
microwave link is to provide 56-dB C/N with 65-dB 
C/CTB. For instance, this !eve! of performance with 
40-channel loading of the microwave feedforward trans
mitter is possible only if the noise figure of the 2-watt 
amplifier within the OLE-Ill drive stage is lowered to 
6 dB. Fortunately, a solution seems near at hand so that, 
even with a heavily loaded feedforward transmitter, the 
56-dB link C/N criterion can be maintained. The block 
upconversion type transmitter link calculation is 
summarized in Table II, which further illustrates that with 
av.erage propagation conditions, the feedforward amplifier 
can support a 6-mile path with less than I hour per year 
fade below 35 dB C/N. Note that the requirement is 
made tougher, by waveguide losses, in that both trans
mitter and receiver are assumed to be ground-mounted 
for ease of maintenance and minimum downtime in the 
event of a component failure. 

If the link calculations indicate that insufficient 
signal level is supplied to the receiver to obtain the 
desired C/N, use of an active repeater may solve the 
problem. Generally, the repeater is used only in situ
ations where direct line-of-sight cannot be established 
between transmitter and receiver. If the repeater is used 
to improve C/N, this is usually possible only if the 
repeater output capability is equal to or greater than that 
of the originating transmitter. This is because the 
repeater will itself degrade system C/N (and C/CTB). For 
instance, consider a repeater at the midpoint of a longer 
path (a direct antenna pointing be.tween the transmitter 
and receiver cannot be allowed, since the direct and 
repeated signal could then interfere with one another at 
the receiver). The input signal at the repeater is 6 dB 
higher than what the receiver could receive if transmit 
and receive antennas were repointed at each other. 
Assume further that the repeater noise figure is equal to 
the receiver noise figure and that the repeater output (in 
AGC) is equal to that of the transmitter. This means that 
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TABLE II 

A HIGH QUALITY MICROWAVE FEED FORWARD LINK 

TRANSMITTER OUTPUT POWER 40CHANNELS O.B 
(dBm/CH) 

TRANSMIT CIRCULAR 100 FEET -1.6 
WAVEGUIDE 

TRANSMIT ELLIPTICAL 15 FEET -0.6 
WAVEGUIDE 

TRANSMIT ANTENNA 10 FOOT 4B.B 
FREE SPACE LOSS 6.0 MILES -134.3 
RECEIVE ANTENNA 10 FOOT 4B.B 
RECEIVE CIRCULAR 100 FEET -1.6 

WAVEGUIDE 
RECEIVE ELLIPTICAL 15 FEET -0.6 

WAVEGUIDE 
RECEIVER INPUT AGC -2.5 

ATTENUATION 
FIELD FACTOR -2.0 

RECEIVE CARRIER LEVEL -44.6 

RECEIVER NOISE FIGURE 6 dB 

TRANSMITTER C/N 
RECEIVER C/N 

61.7 TRANSMITTER CTB 65.9 
57.4 RECEIVER CTB IN AGC 72.5 

"OVERALL C/N IN AGC [+) 56.0 "OVERALL CTB IN AGC [+)65.0 

STATISTICAL ESTIMATES 

MULTIPATH FACTOR (Ax B) = 0.25 
CCIR CLIMATE REGION = 02 

HOURS PER YEAR BELOW 35 dB 
CARRIER-TO-NOISE: MULTIPATH 

HOURS PER YEAR BELOW 35 dB 
CARRIER-TO-NOISE: RAIN 

TOTAL HOURS PER YEAR BF.LOW 35 dB 
CARRIER-TO-NOISE 

PERCENTAGE RELIABILITY 

0.0 

0.6 

0.6 
99.993 

[+) DENOTES POWER ADDITION (+) DENOTES VOLTAGE ADDITION 
"OVERALL C/N AND CTB TO BE ADDEO TO THOSE OF 
TRANSMITTER INPUT 

the signal at the receiver is also 6 dB higher than it would 
be if no repeater were used. Since, however, both 
repeater and receiver contribute to C/N, the improve
ment is at best 3 dB. Note also that repeater gain is 
critical if both C/N and C/CTB are to be maintained at 
acceptable levels. 

The block diagram of the FFR-123 microwave feed
forward repeater (Figure 3) illustrates the point. The 
AGC threshold is set to obtain the desired CTB. Table Ill 
summarizes the key FFR-123 repeater performance 
parameters. Consider, for instance, a 40-channel appli
cation in which the repeater C/CTB link contribution is 
6.5 dB. The output is then set for I dBm per channel. 
Since the gain is 4.5 dB, the input level at AGC threshold 
is -44 dBm. With 6-dB noise figure, C/N must then be 
.58 dB. Since this must still .add to receiver C/N, a 
repeater with too much gain cannot provide the desired 
quality signal. Where input signal level to the repeater is 
always below -42 dBm, the LNA could be taken outside of 
the.AGC loop shown in Figure 3 without excessive degra
dation of C/CTB, but this would limit the range of 
possible system apolication. 
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TABLE 111 

MICROWAVE FEED FORWARD REPEATER 
PERFORMANCE 

POWER OUTPUT FOR 65 dB C/CTB, dBm 

21 CHANNELS 
35 CHANNELS 
60 CHANNELS 

GAIN, dB 

NOISE FIGURE 

AGC 

RANGE 
FLATNESS 
THRESHOLD ADJUSTMENT RANGE 

FREQUENCY RESPONSE, 12.7- 13.2 GHz 

+5 
+2 
-1 

45 ± 1/2 

6 dB 

25 dB 
1 dB 

10dB 

±1 dB 

Even channelized transmitters can sometimes be a 
significant contributor of thermal noise when overall 
56-dB C/N is demanded from the microwave link. Noise 
power output of the STX-141 transmitter is determined 
by the klystron gain and noise figure. After attenuation 
by the output filter and allowance for spillover from the 
adjacent channels, noise power is typically -30 dBm/4 
MHz. Comparing this to the +33 dBm signal, the C/N is 
seen to be 63 dB. As the klystron current drops due to 
cathode aging, both gain and noise figure can be expected 
to deteriorate. If, then, the klystron is retuned to 
reestablish 4.5-dB gain, the output noise may be a few dB 
la~ger than. when th: unit was delivered from the factory. 
With the Introduction four years ago of the long-life 
klystron, one can expect that the aging process will be 
stretched out to over 10 years. 

One solution for obtaining better C/N in STX-141 
type transmitters is to upgrade the unit so that its output 
capability is raised to 36 dBm. The difference lies in the 
linearity of the upconverter, which is provided with a 
higher level local oscillator (LO) signal. A further 3-dB 

60VAC 
OR 

DC-DC 
CONVERTER 

TP +12 VDC 

TEMP. 
CONTROL 
MONITOR 

Figure 3 Microwave Feed Forward Repeater block 
diagram. 

TP 



increase in output power capability is possible with a 
predistortion circui t.ll It is, of course, obvious that 
increasing transmit output power has the double benefit 
of increasing link margin and, therefore, the ability to 
better sustain .56-dB C/N at the receiver, as well as make 
transmitter noise contribution an all but negligible entity. 

Another possible approach to obtaining better C/N 
in a channelized high power AML is to utilize a high 
power FET amplifier in P,iace of a klystron in the output 
stage of the transmitter.J2 The noise figure of the FET 
amplifier is much lower than that of the klystron, thereby 
making transmitter C/N contribution as insignificant as it 
is in the medium powered MTX-132 transmitter. The 
drawback in the FET amplifier approach is that with 
currently available devices, one must give up several dB 
in output power capability (relative to the +33 dBm of the 
STX-141 transmitter) to maintain good distortion per
formance. AM-to-PM conversion in FET amplifiers oper
ating close to saturation may be a particular limitation 
for some types of ATV signals. The primary advantage of 
this new type of channelized all solid-state transmitter 
has less to do with HDTV than with floor space and prime 
power requirement in new or expanding transmitter sys
tem installations. 

A final thought dealing not so much with C/N as 
with baseband S/N is that, if the television signals carried 
by the AML supertrunk are frequency modulated rather 
than VSBAM, one can, of course, more easily obtain very 
high quality signals. The drawback, as with any other 
supertrunk scheme carrying FM video, is the cost and 
complexity of converting each of the FM signals back to 
the VSBAM format before delivering the product to the 
subscriber. Table IV summarizes the various means for 
achieving very high quality S/N on AML links. 

2. Distortion - In the channelized AML trans
mitters, the distortion is similar to that encountered in 
other headend equipment. In particular, the rise of third
order intermodulation products limits the output power of 
the MTX-132 and the high power STX-141 transmitters. 
Those products fall both in-band (the 920-KHz beat 
caused by a combination of video, color, and audio car
riers) and into the next lower channel (audio-video beat 
1 • .5 MHz above the adjacent video carrier). The trans
mitter specification for the audio 17 dB below video and 
color 20 dB below video (cw measurement) is C/1 of 
58 dBc. Since there is then considerable margin with 

TABLE IV 

MEANS OF ENHANCING AML S/N 

ADJUSTMENT OF MICROWAVE RECEIVER AGC 
THRESHOLD 

COMPACT OUTDOOR RECEIVER WITH 2-STAGE LNA 

LOWER NOISE FIGURE LNA 

REDUCED OLE-111/FFA-160 TRANSMITTER OUTPUT NOISE 

FFR-123 MICROWAVE FEEDFORWARD REPEATER 

HIGHER OUTPUT POWER STX-141 TYPE TRANSMITTER 

HIGH POWER CHANNELLIZED ALL SOLID STATE 
TRANSMITTER 

FM TV SIGNALS INSTEAD OF VSBAM 

respect to the "W -curve" specified by BP-23, the .58-dBc 
specification will presumably also be adequate for most 
ATV systems. If an even better number is desired, one 
can back off the transmitter output to obtain a 2-dB 
improvement in C/1 for each dB reduction in output 
power. Alternatively, high power transmitter linearity 
can be improved through higher LO power or predistor
tion. 

Differential gain is typically better than 3 percent 
and differential phase is under 2 degrees. However, if a 
significant performance degradation is introduced by 
overdriving the upconverter or klystron, a phenomenon 
somewhat akin to differential gain can interfere with 
proper operation of descrambler units in the home. This 
is caused by transfer of AM onto the FM audio subcarrier. 
Normally, the effect is barely measurable, and well below 
the threshold of greater than 0 • .5-dB modulation riding on 
top of the audio signal, at which certain types of 
descrambler units may begin to experience some prob
lems. Generally, keeping the C/1 to .58 dBc will keep AM 
transfer to audio at a negligible level. 

Another type of distortion that occurs in AML 
systems can be found in the broadband receivers and the 
block upconversion type transmitters. This distortion is 
the second- and third-order intermodulation between 
video carriers. In discussing C/N, reference has already 
been made to the improvement in C/CTB and C/CSB 
(composite second-order beat) in the COR"'receiver with a 
dual-stage LNA. Second-order distortion does not play a 
role at microwave, since the percentage bandwidth is only 
4 percent, but it does occur in the VHF end of the block 
upconversion and downconversion process. 

In CATV system calculations, such third-order dis
tortions as composite triple beat are assumed to add on a 
voltage basis in a cascade of amplifiers. If, however, the 
distortion generating elements in the cascade are not 
identical, it is not necessarily true that the phase vectors 
representing the distortion products will all line up with 
one another. In a careful set of experiments involving a 
Microwave Line Extender, a Microwave Feedforward 
Amplifier, a two-stage LNA, a 440-MHz AML receiver, 
and a CATV hybrid amplifier, it was found that C/CTB did 
not always add on a voltage basis. Sometimes it added on 
a power basis (90-degree angle between voltage vectors) 
and sometimes it didn't add at all (120-degree angle 
between vectors). Therefore, although it may not be 
totally rigorous, as a practical matter, the C/CTB per
formance of a CATV system including AML can be 
conservatively calculated by first separately voltage
combining the microwave-based elements and then power
combining the microwave resultant with the VHF (i.e., 
receiver and cable amplifier) resultant. 

3. Phase Noise - Figure 4 shows the phase noise on 
the AML pilot tone signal as it appears at the output test 
point of the receiver. The performance shown is typical 
of present production. Note in particular the value at 
20-KHz offset from the carrier: better than 70 dBc in a 
1 KHz resolution bandwidth. Depending on the phase 
noise limitation of the spectrum analyzer and the thermal 
(fiat) noise at the measurement point, corrections to the 
apparent measured value may be required at this low level 
of phase noise. Thermal noise limit after external ampli
fication of the test point signal is indicated by the display 
line while the thermal noise of the analyzer itself is 
shown at the start and end of the trace. The analyzer 
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VERTICAL SCALE: 10 dB/DIV 
HORIZONTAL SCALE: 20 kHz/DIV 
RESOLUTION BANDWIDTH: 1kHz 

Figure 4 Receiver pilot tone output spectrum. 

phase noise contribution can be calibrated by using a 
known ultralow phase noise signal, such as the 74-MHz 
crystal oscillator within the AML transmitter. This 
crystal reference must be extremely clean, since it is 
multiplied up in frequency by a factor of 171 before 
emerging as the microwave LO signal. The multiplication 
process worsens the crystal phase noise by a factor of 
(171)2 or 45 dB. The phase noise is also degraded by 
contributions internally generated within the transmitter 
solid-state source. The same elements exist in the 
receiver and, in addition, one has the contribution of the 
receiver phase-1ock loop. The bandwidth of this loop is 
quite narrow, so only at offset frequencies under 5 KHz is 
there any hope of tracking out any of the incoming phase 
noise. 

It can be shown that the phase noise of the magni
tude shown in Figure 4 would, through conversion to AM 
by the Nyquist filter of an ideal VSBAM envelope detec
tor, contribute better than 65-dB baseband S/N. With 
that type of TV receiver, one would expect that phase 
noise could be worse by as much as 15 dB before becoming 
visible on the screen. Recent tests with quasi
synchronous type television receivers indicate visibility 
thresholds on the order of 53 to 60 dBc phase noise at 
20 KHz offset in 1 KHz resolution bandwidth.! 3 Although 
phase noise in a CATV system is typically limited by 
elements other than AML, investigations have been under 
way to see whether AML phase noise performance can be 
further improved in case ATV requirements eat substan
tially into the existing margin. 

4. Reflections - It is expected that some forms of 
ATV signals will be much more sensitive to close-in ghosts 
than with standard NTSC. In particular, reflections as 
close in as 30 ns may become a concern. It has been 
suggested that an overall CATV system echo rating objec
tive of 34 dB may be suitable.& To contribute negligibly 
to this objective, reasonable care should be taken in the 
design of the microwave system. 
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Consider Figure 3 again. Note the isolator at the 
output of the transmitter. Because it is implemented in 
waveguide, a return loss of 23 dB should be achievable if 
required. The transmitter must be connected to an 
antenna, which is typically specified to have a VSWR of 
1.1:1. This is equivalent to a return loss of about 26 dB. 
Thus round-trip return loss with a 15 foot length of 
elliptical waveguide interconnection would be about 50 dB 
when waveguide loss is taken into account. Longer 
waveguide lengths will lead to greater than 30 ns delay 
echoes, but not necessarily greater round-trip loss, since a 
circular guide may be used. In either case, microwave 
return loss should contribute negligibly to the overall 
CATV system echo rating. 

5. Frequency Response - Two types of frequency 
response are of concern. ATV signals could require 
greater bandwidth and thus push out the maximum fre
quency limit on the CATV system. AML equipment can 
be fully compatible with operation to 550 MHz. As an 
example, HPOLE-112 transmitters are now designed for 
550-MHz operation. Most broadband units, whether they 
are transmitters or receivers, can be upgraded to 
550-MHz operation if they are not presently compatible 
with this requirement. 

If CATV system requirements were to expand to a 
maximum of 600 MHz, AML systems could conceivably 
still fit within the broadened 12.7- to 13.25-GHz fre
quency allocation. Another option, and one which would 
not be limited by the 550 MHz wide microwave allocation, 
would be to employ microwave frequency reuse, such as 
that demonstrated in Dallas.l4 A suitable choice of LO 
frequency would automatically keep the UHF signals 
carried on the auxiliary microwave link within the CARS
band limits. 

The second question relating to frequency response 
concerns itself with the limitations of the channelized 
transmitters. The TEo11 mode filters used in such trans
mitters can be designed for bandwidth as large as 30 MHz. 
Existing transmitters designed for 6-MHz channel plans 
would require modification for wider band ATV signals. 

6. Group Delay - Group delay is of concern only in 
the channelized transmitters. The MTX-132 type trans
mitter typically exhibits less than tl5 ns delay. The 
STX-141 transmitter may have as much as t35 ns delay. 
This can, however, be reduced by exchanging the upcon
verter output filter for a broader bandwidth unit. Since 
the klystron is typically the primary source of video-audio 
intermodulation (falling in the next lower channel) and the 
output multiplexing filter attenuates this product, per
formance should otherwise be unaffected. With the 
modification, delay may typically run about t20 ns. 

7. Availability - The calculation in Table 11 resulted 
in a predicted path reliability of 99.993 percent. Similar 
reliabilities are possible over considerably longer paths 
using channelized transmitters. Since there is no thresh
old effect with VSBAM, the pictures are still viewable, 
even below 35 dB C/N. Nevertheless, one can speak of an 
availability of signal for the indicated percentage takin~ 
only rain and multipath into account. One also needs be 
concerned with the twist of the antenna during high wind 
conditions. The design must be consistent with the 
1/2 degree beamwidth for 10-foot dishes. 



Availability is, of course, a key element of the 
quality of signal provided to the subscriber. If pictures 
are simply not available, this is the worst kind of quality 
imaginable. Fortunately, the microwave link service 
interruption is not influenced by such factors as drunken 
drivers knocking down telephone poles, intentionally 
severed cables during labor disputes, and "backhoe fades" 
resulting from construction activities. If an equipment 
failure occurs, it can be rapidly localized to either of two 
sites: the transmitter or receiver. 

Since a failure in the receiver will affect all chan
nels, the desirability of a redundancy arrangement has 
long been recognized. In many systems, a simple headend 
for local off-air channels (note the VHF antennas in 
Figure 1) is automatically switched in if the signals are 
temporarily unavailable over the microwave path. A 
more sophisticated redundacy arrangement is provided 
with the receiver redundancy unit (RRU), which monitors 
the pilot tone output level and phase lock alarms from a 
standby receiver, as well as a primary receiver. If the 
RRU logic circuits detect a failure in the primary 
receiver, the switch is automatically activated to connect 
the standby unit directly to the antenna. If the problem 
lies with the microwave path or the transmitter, the RRU 
will automatically switch to the local headend signals. 
The RRU has recently been redesigned to make it fully 
compatible with carriage of signals to 550 MHz. 

Another application of the RRU is shown in 
Figure 5. Here, automatic redundancy is applied to the 
transmit end of a broadband AML link. Acother form of 
block conversion transmitter redundancy, although not 
automatic, provides an added 3-dB output capability when 
the application calls for two or more receive sites. 

Fail-soft redundancy of the klystron and high
voltage power supply has long been a standard feature of 
the MTX-132 transmitter. This was provided because a 
single failure would affect eight channels. Most recently, 
a new means of backing up a single channel failure has 
been developed. This is the frequency-agile upconverter 
(AUPC) shown installed (Figure 6) in the lower right side 
of an MTX-132 transmitter rack. The AUPC takes a VHF 
input and provides a microwave output. If an upconverter 
failure occurs, the VHF input signal to that upconverter is 
patched over to the AUPC input. The AUPC output is 
connected to the bottom of one of the circulator strings 
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Figure 5 Microwave line extender automatic 
redundancy arrangement. 

Figure 6 Frequency agile upconverter in MTX-132 
transmitter. 

in which the standard output multiplex rules would not be 
violated. The AUPC thus essentially provides for immedi
ate back-up (assuming the transmit site is manned) for 
any upconverter failure. The AUPC can also serve as a 
premium channel back-up when carrying a low priority 
"9th channel" in an MTX-132 rack. 

SUMMARY 

Technology improvements recently incorporated in 
the AML receiver design enhance the ability of LOS type 
microwave to fulfill CATV system needs, such as a 56 dB 
C/N, which may be required by ATV. Noise figure and 
linearity are the key parameters determining overall 
capability. Improved output power capability is achieved 
through linearization techniques, such as those illustrated 
in the microwave feed forward repeater, and by the appli
cation of predistortion to the high-power STX-141 trans
mitter. The typical AML phase noise of 70 dBc/KHz at 
20-KHz offset is well below the visibility threshold in 
present TV receivers. With reasonable care, microwave 
reflections should contribute negligiby to overall CATV 
system echo rating even for ATV systems capable of 
distinguishing ghosts as close in as 30 ns. Bandwidth 
requirements of ATV signals can presently be met with 
broadband AML equipment, and even channelized trans
mitters can be designed for up to 30-MHz channel band
widths. Group delay in these transmitters can be kept 
under t20 ns. Signal availability in a well-designed micro
wave link can be better than 99.99 percent if redundancy 
techniques are employed. Because equipment is located 
only at the transmit and receive points, catastrophic 
outages are more easily avoided with microwave than 
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with other forms of s1gnal transportation. In view of the 
above described performance improvements, the advan
tages, which led to wide-spread use of AML in the past, 
can continue to apply to the use of AML in an ATV 
environment. Indeed, shorter trunk amplifier cascades 
made possible through AML may be essential to meet the 
demanding requirements for the successful carriage of 
ATV signals in CATV systems. 
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ABSTRACT 

Phase noise of oscillators such as 
local oscillators in modulators, 
receivers, set-top converters, etc., can 
introduce noise in TV pictures in a CATV 
system. Acceptable characteristics and 
the effects of phase noise are not recog
nized as readily as other more familiar 
and routinely measured distortions. The 
qualitative measure of phase noise is the 
perceptibility of phase noise in a TV pic
ture. A quantitative measure is the 
baseband signal-to-noise ratio (SNR) and 
noise spectral density. This paper 
presents the theory relating the RF noise 
spectrum of an oscillator and the result
ing video noise spectrum and SNR. Some 
representative data for oscillator noise 
in video modulators and set-top converters 
is given along with results of percep
tibility tests. 

INTRODUCTION 

In recent years, experienced CATV 
engineers spoke of an effect they had 
begun to observe in which television pic
tures appeared to the trained eye to have 
more noise than standard traditional 
measurements indicated. In mid-1987 an 
ad-hoc group consisting of representatives 
of the NCTA, cable operators, and equip
ment manufacturers organized to examine 
the issue. A short time later this group 
was incorporated by the NCTA Engineering 
Committee into its HDTV Subcommittee, 
called Group 1, and charged with the 
investigation and documentation of signal 
transfer characteristics in cable systems 
with particular emphasis on parameters 
useful in forecasting the transparency of 
a cable system to various HDTV proposals. 
Improved quality of present CATV service 
is also an expected result. This paper, 
together with the companion paper by 
Gerald Robinson [1], form the first pub
lished results of the Group 1 investiga
tions. 

It was determined that the first 
efforts of the group should be devoted to 
rigorous investigation of phase noise 
effects throughout the entire network, 
including satellite links and through 
final detection. 

In this paper both RF and baseband 
theoretical and measured results are pre
sented. This paper is concerned with high 
frequency phase noise and its effect in 
vestigial sideband television. The per
ceptually dominant effects of phase noise 
over thermal noise after detection are 
isolated and presented. 

BACKGROUND THEORY 

A general expression for oscillator 
phase noise as derived by Leesson [2] is 

L(frn) = _..! [l + fo2 l J KTF (l) 
2 frn2 4Q2j p 

where L(fm) is the ratio of single
sideband noise power in a 1 Hz bandwidth 
(centered fm Hertz from the carrier) to 
the carrier power, and 

fm = frequency offset from the carrier 
(modulating frequency), 

fa = carrier frequency, 
Q loaded Q of oscillator resonator, 
F noise factor of active drive, 
K Boltzmann's constant, 
T temperature in degrees Kelvin, and 
P available carrier power in watts. 

Equation (1) predicts the spectral distri
bution due to intrinsic noise in the 
active device, and assumes the AM contri
bution is negligible, as it is in a well 
designed oscillator. Low-frequency phase 
noise, which is usually predominately 
power-supply related, is not included, nor 
is low-frequency flicker noise. Further
more, in CATV equipment, oscillators of 
concern are often incorporated in a 
synthesizer phaselock loop which modifies 
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the close-in spectrum. As a result, the 
close-in spectrum is determined by the 
particular circuit design and can not be 
predicted in a general way. Low frequency 
phase modulation is often caused primarily 
by insufficient filtering or isolation of 
the oscillator power supply. The result 
is frequency modulation at 60 Hz and 
harmonics of 60 Hz. The clamping action of 
TV sets tends to suppress the effects of 
this low frequency FM, and TV sets may 
respond quite differently to this low fre
quency disturbance. The effect of high
frequency noise is quite different, and 
the analysis here will be limited to high
frequency noise, that is, noise modulation 
approximately 10 kHz or higher in fre
quency. 

From Eqn. (1), the spectral density 
(noise power/Hertz) is proportional to 
1/fm2 up to the point at which it "breaks 
flat" (fm = fo/2Q). In this paper we will 
consider oscillator phase noise to be that 
which has a noise power spectrum propor
tional to 1/fm2: i.e., a 6 dB per octave 
decrease with offset frequency. 
Eventually the oscillator phase noise 
falls below the "noise floor" of the 
system. The "noise floor" of the system 
is limited by the carrier-to-noise (C/N) 
ratio of the distribution system, but the 
earth station, head-end equipment, set-top 
converters, etc. are also contributors. 
The system "noise floor" is caused by 
amplified thermal noise, and is referred 
to as thermal noise . It contains equal 
amounts of AM and PM noise, and upper and 
lower sidebands are correlated. Here we 
will consider system noise to be comprised 
of (1) oscillator phase noise, plus (2) 
thermal noise. From Eqn. (1), that part we 
call oscillator phase noise is: 

L(fm) = l/(fmQe)2 (2) 

where Qe is a constant ("effective Q") 
which defines the spectral purity of the 
oscillator. The equations that follow 
give phase noise, frequency noise, and 
video SNR as a function of the parameter 
Qe. 

The term L(fm) is the reciprocal of 
the more commonly used term C/No, where 
c is carrier power and No is noise power 
in a 1 Hertz bandwidth. In this paper we 
will use the notation C/Np for the ratio 
of carrier to phase noise, and C/Nt for 
the carrier to thermal noise ratio. For 
noise given in a 1 Hertz bandwidth, the 
notation is 

Carrier/phase noise/Hz 

Carrier/thermal noise/Hz 
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(3) 

(4) 

Qe expressed in dB is 20log(Qe). Qe can 
be obtained directly from the oscillator 
spectrum measured with a spectrum analyzer 
by 

Qe = C/Np- 1.7 - 20log(fm) 
+ 10log(B) dB (5) 

where C/N is the carrier/phase-noise 
sideband ratio in dB, B is the analyzer 
bandwidth, and 1.7 is the usual analyzer 
correction factor applied to noise 
measurements [3]. For example, if an 
oscillator spectrum measures 56 dB below 
carrier in a 1 kHz bandwidth 20 kHz from 
the carrier, then Qe = -1.7 dB. 

In analyzing the effects of oscillator 
phase noise in an NTSC system, it is help
ful to convert phase noise to frequency 
noise since it is FM noise that is 
directly converted to AM noise by the 
Nyquist filter in the TV receiver. 
For the analysis, it is convenient to make 
use of the principal that random noise can 
be approximated by a large number of 
sinusoidal components all approximately 
equally spaced and of arbitrary phase [4). 
Thus, the oscillator spectrum can be con
sidered to consist of a carrier plus 
sinusoidal components 1 Hz apart. The 
ratio of the power of each component to 
the carrier power is, therefore, L(fm): 
(refer to the definition of L(fm)). The 
ratio of the RMS voltage of each component 
to the RMS voltage of the carrier is 
VL(fm). The peak phase deviation of the 
oscillator at a frequency fm is equal to 
the sum of the~er and lower sideband 
phasors, or 2JL(fm). The ~s ph~se devia
tion en for a 1 Hertz bandw~dth ~s: 

en(fm) = ~2L(fm) RMS Rad/Hz (6) 

Instantaneous frequency in 
radians/sec. is the time derivative of 
phase (w=de/dt). Thus, for the above 
sinusoidal peak phase deviation of 
2VLJfm), the peak frequency deviation is 
2fm L(fm). The RMS frequency deviation due 
to phase noise in a 1 Hz bandwidth fm 
Hertz from the carrier is: 

.6.f(fm) fmJ2L(fm) RMS Hz 

/2/Qe 

(7) 

(7a) 

Thus, the spectral density of fre~ency 
noise is constant (white) for ljfm2 spec
tral phase noise. 

The slope of a TV Nyquist filter 
extends over a nominal range of ± 750 kHz 
centered around the picture carrier. 
First assume the Nyquist slope is linear 
over that bandwidth. A deviation of 



750 kHz in this case would theoretically 
produce 100% amplitude modulation at the 
output of the Nyquist filter. As a 
result, the AM de~th of modulation is 
equal to 1/750*10 times the frequency 
deviation which, from Eqn. (7), is: 

fmJ2L(fm) 
An(fm) 

750"103 

J2/750•lo3 •Qe 

fm < 750 kHz (8) 

(Sa) 

An(fm) is specifically the ratio of the 
RMS noise component that is in phase with 
the carrier to the RMS carrier voltage. 
Likewise, en(fm), (Eqn. 6), is the ratio 
of the quadrature RMS component to the RMS 
carrier. 

Now consider the effects of phase 
noise for frequencies where the response 
of the Nyquist filter is flat; i.e, the 
single-sideband region. The amplitude 
response of a the Nyquist filter should be 
down 6 dB at the carrier frequency rela
tive to the response at single-sideband 
frequencies. As a result, the relative 
single-sideband noise power is four times 
greater than at the input to the Nyquist 
filter; the noise power ratio at the 
output is 4L(fm). For single-sideband 
noise, the AM and PM spectral components 
are equal in power: each is 1/2 the total 
spectral power. The AM component of noise 
power is 2L(fm); the RMS noise voltage 
ratio is 

An(fm) fm > 750 kHz (9) 

(9a) 
C/Nop 

In this region the noise spectrum at the 
filter output has the same shape as the 
input noise spectrum, and the ratio of 
carrier to noise power density is degraded 
3 dB. 

Now consider the effects of the 
Nyquist filter on white thermal noise. 
For thermal noise, sidebands are uncorre
lated, and, as for single-sideband phase 
noise, half the power is in the AM com
ponent and half in the PM component. The 
effect of the Nyquist filter can be calcu
lated by power addition of AM sideband 
components at the output of the filter. 
With the assumption of a linear Nyquist 
filter, sidebands add to produce a 
baseband noise spectra that increases 
quadratically 3 dB to 750kHz [5]. Above 
750 kHz, the output of the receiver filter 
is single sideband, and the result is the 
same as above for phase noise. 

APPLICATION OF THEORY 

The assumption of a simple linear 
characteristic for the receiver Nyquist 
filter is useful, but, of course, real 
receiver filters are not linear. To more 
accurately calculate noise resulting from 
slope detection in the Nyquist filter and 
to better correlate the theory with 
measured data, this analysis is based on 
the response of the Nyquist filter in the 
Teletronix 1450-1 Television Demodulator 
used in the video SNR and baseband spectra 
measurements. A plot of the Nyquist 
filter response is given in Figure 1. 
Also superimposed is 1/2 cycle of a sine 
function, and as seen, it is a very good 
approximation of the actual filter func
tion. With this characteristic and the 
equations above, good accuracy has been 
achieved in relating baseband measurements 
- video noise spectra and weighted and 
unweighted SNR - to the carrier phase 
noise spectra and thermal noise. 

1 

/__ 
f-"" 

v 
I 

_... v 
0 

-2 Fe 2 
Frequency - MHZ 

FIGURE 1. Nyquist Filter Response 

(a) Measured data 
(b) Approximation 

Figure 2 is a plot of the AM noise 
spectra at the output of the Nyquist 
filter caused by thermal and phase noise. 
Thermal noise produces a video noise spec
trum that increases from DC to the upper 
limit of the Nyquist filter and is con
stant above that. For frequencies near 
carrier frequency, the AM (in phase) com
ponent is the same at the output of the 
filter as at the input since upper and 
lower sidebands are nearly equal. The 
thermal noise plot shows, simply, the 
effect of the Nyquist filter on AM noise. 
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FIGURE 2. AM Demodulation of RF Noise. 

Ordinate is C/No 
(a) Thermal noise 
(b) Phase noise 

S/No in dB for 

Figure 3 shows the PM to AM conversion 
of oscillator phase noise. In the fre
quency range of the Nyquist filter there 
is some noise roll off~ for a linear 
Nyquist filter the response would be flat. 
Above the cut off of the Nyquist filter 
the baseband noise roll off is the same as 
at RF. Oscillator phase noise contributes 
primarily to low frequency video noise in 
the frequency range of perhaps a few hun
dred kilohertz to a megahertz or more. 

-115 , ______ 
~ 
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FIGURE 3. Baseband Noise Spectra for 
Phase Noise= l/(fmQe)2. 

Ordinate is No/S in dB for Qe 
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Oscillator phase noise can be recog
nized and distinguished from video noise 
in an examination of the video baseband 
spectra. For high oscillator phase noise, 
the noise seen when viewing a TV set in 
recognizable as low frequency noise and 
appears different from broadband nose. 
Data is given in a later section that 
illustrates these points. 

The objective of this paper is to 
relate RF C/N measurements to video SNR 
and baseband noise spectra. Weighted SNR 
is the ratio of the total luminance signal 
(100 IRE Units) to the weighted RMS noise 
level expressed in dB. Note, however, 
that noise due to phase noise is different 
from thermal noise in that it is directly 
proportional to the carrier level. If the 
carrier were to drop to zero percent 
modulation, there would be no phase noise 
contribution, of course. Thermal noise is 
the same (for constant receiver gain) 
regardless of carrier level. Furthermore, 
note that noise is more noticeable in dark 
TV scenes of perhaps 10 to 20 IRE. In our 
experiments, SNR is determined by measur
ing weighted baseband noise with the car
rier unmodulated in accordance with EIA 
standard RS-250-B. The amount of noise 
caused by phase noise is determined by 
turning the phase modulation on and off. 
Phase SNR is the ratio of the signal for 
100% modulation (1.143V for lV/lOOIRE) 
divided by the RMS phase noise voltage. 

Phase noise can be measured also on a 
waveform monitor using the Tektronix 147 
Test Signal Generator or by the NTC Report 
No.7 Approximation Technique. With these 
procedures the amount of phase noise 
measured will depend on the level of the 
waveform pedestal at which noise is 
measured. If noise is measured at a level 
of 20 IRE, these procedures theoretically 
give the same results and agree with the 
above measurement and definition of phase 
SNR. 

For the Nyquist filter data the 
theoretical AM baseband spectral density 
is plotted in Figure 3 for Qe = 1. Video 
SNR can be obtained by a noise power 
integration of Figure 3. The weighted SNR 
is obtained by multiplying the spectral 
density in Figure 2 by the nofse weighting 
function. For this data and in our tests, 
the weighting filter given in Report 637-
1, Equation 4, 11 for system M (prior to the 
introduction of the unified network11 was 
used. This network is in general use for 
NTSC system measurements. Performing the 
noise power integration to 4.2 MHz gives 

SNR due to phase noise: 
SNR unweighted 54.2 + Qe dB (10) 

SNR weighted= 57.7 + Qe dB (11) 



In a similar manner, the unweighted 
and weighted video SNR due to thermal 
noise is obtained. 

SNR due to thermal noise: 
SNR unweighted = C/N - 6.9 dB (12) 

SNR weighted = C/N - .5 dB (13) 

From Eqns. (5) and (11) one obtains a 
fortuitous and very neat identity. By 
measuring phase noise at 20 kHz offset 
from the carrier in a 1 kHz bandwidth, 

SNR weighted ~ C/Np dB (14) 

where C/Np is the carrier to noise ratio. 
This is a simple and possibly very useful 
measurement for predicting degradation 
caused by phase noise. 

The amount of phase noise relative to 
that produced by thermal noise in the 
system can be calculated from Eqn. (11) 
and (13) and the definitions of Qe and 
C/N. Given that the phase noise spectrum 
crosses the thermal noise spectrum 
(measured in the same resolution band
width) at a frequency F, then, for equal 
contribution of each to the weighted SNR, 
F is equal to 1.53 MHz. Thus, if the phase 
noise spectrum crosses the thermal noise 
spectrum below 1.53 MHz, thermal noise 
predominates; if.it crosses above 
1.53 MHz, phase noise predominates. 

These equations assume the oscillator 
spectrum decreases 6dBjoctave, and one 
should observe the spectrum on a narrow 
and wide span to see if that is the case. 
Also, the spectrum in the range of 10 to 
20 kHz can indicate higher phase modula
tion in that range than actually is pres
ent. Low-frequency high-deviation PM can 
cause high order Bessel sidebands to 
extend above 10 kHz and cause phase noise 
to appear high. 

VIDEO DEMODULATOR TYPES & RESPONSE TO 
PHASE NOISE 

The effect of phase noise on NTSC 
video depends on the type demodulator 
employed in the TV receiver or TV 
demodulator. Demodulators may be clas
sified as envelope detectors, such as 
diode rectifiers, or product demodulators 
[6)[7][8]. Envelope detectors respond to 
large quadrature modulation and distortion 
of the amplitude modulated signal can 
occur. However, the envelope detector is 
immune to the relative small amount of 
phase noise considered here. This can 
clearly be seen when one considers that 
oscillator phase noise produces low devia
tion FM which, in this case, may be a 
deviation of perhaps a few hundred Hertz 

or even a few kilohertz. Deviation that 
low would not be detected by a broadband 
envelope detector except for detection by 
FM to AM conversion in the Nyquist filter. 

Product demodulators or coherent 
demodulators in principle detect an AM 
signal by recovering the carrier from the 
modulated signal and multiplying the RF 
signal by the recovered carrier (hence the 
name "product" demodulator.) A mixer 
(ring diode type or integrated circuit 
mixer) is effectively a multiplier for 
this purpose. Product demodulators are 
realized in different implementations and 
respond differently to the presence of PM 
on the desired AM signal. In TV applica
tions, product demodulators are known also 
as synchronous demodulators and quasi
synchronous demodulators. Furthermore, 
envelope detectors, as in the Tektronix 
1450 TV Demodulator, can be realized as 
product demodulators. Generally, the syn
chronous detector recovers the carrier by 
phase locking a local oscillator to the 
carrier of the TV signal. The bandwidth 
of the phase lock loop is low, approxi
mately 50 Hz for the Tektronix 1450 
Demodulator and Scientific-Atlanta 6250 
Demodulator, and the oscillator may be a 
crystal oscillator. Certainly, this type 
of synchronous detector can not handle a 
large amount of phase noise, particularly 
60 Hz power supply noise and low frequency 
jitter. The advantage of the synchronous 
demodulator is its good linearity and 
immunity to quadrature distortion provided 
incidental phase modulation is low. 

Quasi-synchronous demodulators, and 
envelope detectors realized as quasi
synchronous demodulators, recover a car
rier by filtering and limiting the TV IF 
signal and applying it as the reference 
(local oscillator) for the IF signal 
mixer. Since the filtering occurs at IF, 
the filter bandwidth is relatively wide: 
50 kHz for the Tektronix demodulator and 
about 200-300 kHz or more currently for TV 
receivers. Within this frequency range, 
the recovered carrier tracks the signal 
carrier and the system behaves as an 
envelope detector. However, in recovering 
the carrier, if the filter bandwidth is 
too small and phase noise is high, the 
detector itself will convert phase noise 
to AM noise. Theoretically, the output of 
a product demodulator is proportional to 
the cosine of the angle between the 
recovered carrier and the carrier of the 
input signal. For a small tracking error 
(small phase error), the cosine of the 
angle is approximately 1 and negligible 
error is caused by the detector. If the 
tracking error is large, the detected 
signal is modulated by the cosine of the 
tracking error. Thus, inability of the 
recovered carrier to track phase noise 
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results in additional PM to AM conversion 
in the detector itself. This should not 
be a problem except for very narrow band 
tracking loops and excessive low frequency 
phase noise. By integrating the mean 
square phase noise spectra from frequency 
f 1 to infinity, the total RMS phase noise 
is obtained: E 

1 2 
6 = -- -- Rad RMS 

f 1 Qe 

For example, for phase noise that would 
result in weighted SNR of 46 dB, from Eqn. 
(12), Qe is -11.7 dB, or a factor of 0.26. 
The total phase noise in the spectrum 
above f 1 = 10 kHz is only .016 deg RMS. 
This small amount of high frequency phase 
noise should not be detrimental to the 
quasi-synchronous demodulator. 

PERCEPTIBILITY TESTS 

Tests have been conducted to investi
gate the effects of phase noise on TV 
reception and determine the threshold of 
perceptibility. In tests reported by 
Giorgio Allora-Abbondi [9] and Robb 
Balsdon [10], a Hewlett Packard 8660B 
Synthesized Signal Generator was frequency 
modulated by the broadband noise source of 
a Tektronix 147 Test Signal Generator and 
the Synthesizer output was substituted for 
the output convertor LO in a Scientific
Atlanta 6530 TV Modulator. The bandwidth 
for noise modulation was limited by the 
synthesizer to about 250-500 kHz. In 
these and other tests, phase noise was 
measured by measuring carrier sideband 
noise level in dBc at 20 kHz offset from 
the carrier and in a 1 kHz bandwidth. 
Balsdon reported that phase noise became 
perceptible at a noise level of about -53 
dBc on three TV sets, and at -54 dBc when 
using a Scientific-Atlanta 6250 TV 
Demodulator in the envelope detector mode. 
When operating in the synchronous detector 
mode, phase noise became perceptible at a 
much lower level, -67 dBc, due to the 
narrow bandwidth of the synchronous 
demodulator (approximately 50 Hz) and its 
inability to track the low frequency 
noise. 

In a similar test, Allora-Abbondi 
found the perceptibility threshold to be 
-52 dBc to -56.5 dBc with -53 dBc to be 
typical for envelope detectors. With Tek
tronix and Scientific-Atlanta synchronous 
demodulators, susceptibility to phase 
noise was much greater: -57 dBc to less 
than -64 dBc. Performance in the syn
chronous mode was best with the fast 
detector time constant due to better 
tracking between the reference oscillator 
and the incoming signal. With no phase 
noise added, weighted SNR of the system 
was 54dB. 
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The tests that follow were conducted 
at Scientific Atlanta with participation 
by members of the Group 1 committee. In 
tests similar to those above and using an 
HP 8640 Signal Generator as the noise 
modulated source, the perceptibility 
threshold was found to be at a phase noise 
level of -56 dBc. Levels were set for 
optimum performance; without phase noise 
weighted SNR measured 66 dB. At the phase 
noise threshold, weighted phase SNR 
measured 60 dB. 

In another test, an oscillator with 
4 MHz modulation bandwidth capability was 
frequency modulated by the Tektronix 147 
noise source and substituted for the 
Scientific Atlanta 6350 video modulator 
output converter LO. With this oscilla~or 
the background SNR was 64 dB. Phase no1se 
and weighted SNR measured -62 dBc and 60 
dB respectively at the perceptibility 
threshold. Phase noise at 20 kHz offset 
from the carrier was 6 dB lower than with 
the HP8640 source due to the narrower 
modulation bandwidth of the HP8640, 
approximately 250 kHz, but the resulting 
SNR's were the same. 

Thermal noise was added from a broad
band RF source and the perceptibility test 
repeated for thermal noise only. Weighted 
SNR measured 58 dB for the same degree of 
perceptibility. This is within 2 dB of 
the above SNR's measured for wideband and 
band limited phase noise. We believe that 
weighted SNR gives a good quantification 
of system performance regardless of 
whether noise is thermal or phase in 
origin. 

Thermal noise was increased to give a 
weighted SNR of 46 dB. Under this condi
tion, phase noise measured -50 dBc at 
threshold. Weighted SNR due to phase 
noise (measured with thermal noise off) 
measured 50.7 dB. 

For the above scientific-Atlanta 
tests, test patterns were very closely 
scrutinized to see any noise effects. 
Tests were also made with program video 
obtained from a satellite feed. The HP 
8640 Signal Generator was noise modulated 
and used for these tests. Video SNR from 
the satellite feed measured approximately 
53 dB. For moving program video phase 
noise became visible generally in highly 
saturated areas at a phase noise level of 
-47.6 dBc (at 20 kHz offset from the car
rier and in a 1kHz bandwidth, as before). 

Phase noise appears a little different 
from thermal noise in test patterns and 
video. Thermal noise appears as fine 
grain noise; phase noise has more of a 
streaked, low frequency characteristic 
which is to be expected from general 



knowledge of the baseband spectrum. In 
the Scientific Atlanta tests, plots were 
made of the baseband video spectra (with 
the Tektronix 1450 Demodulator operated in 
manual gain mode to insure that the gain 
is the same with unmodulated carrier as 
for normal video). Phase noise was easily 
distinguished from thermal noise by its 
shape. Phase noise showed a roll-off with 
frequency, whereas thermal noise showed a 
slight rise from de to approximately 1 MHZ 
and was flat from there to 4 MHz. 

REPRESENTATIVE DATA 

Figure 4 is data for a fixed-frequency 
(CH. 5) video modulator. Oscillators in 
this modulator are crystal oscillators, 
and, of course, phase noise is very low. 
The baseband plot is characteristic of a 
system white noise limited: no phase noise 
is evident. Spurious responses in the 
baseband plot are evident, but these are 
low enough so as not to materially effect 
the results. Calculated unweighted phase 
noise is more than 10 dB below measured 
noise. 

Figure 5 is data for an agile 
modulator. This modulator shows results 
of oscillator phase noise that is somewhat 
high. The oscillator spectrum has the 
classical 6dBjoctave roll off up to 
approximately 2 MHz where it approaches 
the noise floor of the modulator. Above 
that frequency, baseband noise is 
determined by thermal noise; below approx
imately 2 MHZ baseband noise is predomi
nately phase noise in origin. 

Figure 6 is data for a set-top con
verter. The input level was set rela
tively high - 16dBmV - but not excessive 
for a single channel in order to achieve 
maximum dynamic range for the spectrum 
plots and SNR. Also, the converter output 
was amplified ahead of the spectrum ana
lyzer for the same reason. Notice that 
for the 100 kHz RF span, the carrier is 
several dB below the reference line. The 
carrier was actually set to the reference 
line in a wide IF bandwidth (30kHz), and 
because of low frequency FM, the carrier 
appears low when plotted with an IF band
width of 1 kHz. At baseband, there is a 
definite contribution from phase noise 
below 1 MHz. For no phase noise, there 
should be a dip in the baseband spectrum 
below 1 MHz. As shown in the 1 MHZ RF 
span, the oscillator spectrum falls off 
more rapidly than 6dBjoctave, and appar
ently is below the noise floor of the con
verter by 500 kHz. This causes a sharper 
roll-off in the baseband spectrum to 500 
kHz as compared with that shown in 
Figure 3. 

CONCLUSIONS 

Phase noise is another source of 
system noise in a CATV system which could 
result in a discernible amount of noise in 
the final TV display but should not be 
noticeable in systems with SNR 45 dB or 
worse. A general discussion of oscillator 
phase noise was presented and equations 
given for the case in which the noise 
spectrum decreases at a 6dBjoctave rate 
from the carrier. Simple equations enable 
one to calculate the video SNR from 
measurements of the phase noise spectrum. 
Actually, the RF carrier spectrum may vary 
to a large extent from the assumed 
6dBjoctave roll off, but an understanding 
of the principles discussed will help in 
evaluating and determining the effects of 
phase noise. 

Phase noise in distinguished from 
thermal noise by its low frequency charac
ter. Generally, demodulated phase noise 
decreases slowly to approximately 1 MHZ 
and follows the roll off in the RF spec
trum above that. An examination of the 
video spectrum will show if the noise 
caused by phase modulation of the carrier 
is significant. 

Phase noise, if excessive, appears in 
a TV display generally in low luminance 
and highly color saturated areas. Phase 
noise appears different from thermal noise 
due to its higher low frequency content. 
Phase noise does not appear as granular as 
thermal noise and shows some low frequency 
streaking. 

A baseline for phase noise measurement 
is the sideband level of the unmodulated 
carrier at 20 kHz offset and in a 1 kHz 
bandwidth. For an RF carrier with 
sidebands that generally decrease 
6dBjoctave, the weighted SNR due to phase 
noise sidebands is approximately equal to 
the sideband level thus measured. Also, 
if the phase noise spectrum intercepts the 
thermal noise floor (measured in the same 
IF bandwidth) below approximately 1.5 MHz, 
thermal noise is likely to predominate. 
If it intercepts above approximately 
1.5 MHz, phase noise is likely to predomi
nate. These are simple tests that should 
help the operator realize whether phase 
noise is likely a problem. 

Perceptibility tests are reported in 
which a video carrier is noise modulated 
with modulation bandwidth approximately 
250-500 kHz. In these tests, phase noise 
became perceptible at a level of about 
-52 dBc to -56.5 dBc (measured 20 kHz from 
the carrier in a 1kHz bandwidth). Video 
SNR without added phase noise was 54 dB or 
better. In a similar test with an oscil
lator with 4 MHZ modulation bandwidth, 
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phase noise became perceptible at -62 dBc. 
With thermal noise increased to make 
weighted SNR equal to 46 dB, phase noise 
became perceptible at a sideband level of 
-so dBc. 

Synchronous detectors respond the 
same as envelope detectors or quasi
synchronous detectors to low levels of 
phase noise. Above a threshold narrow 
band synchronous detectors are much more 
sensitive to phase modulation and are par
ticularly sensitive to low frequency 
noise. High frequency phase noise (above 
10 kHz) is not expected to be a problem 
for tracking bandwidths 10 kHz or greater, 
but low frequency, high deviation noise 
can cause PM to AM conversion in the 
detector. 
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ABSTRACT 

current methods of preventative 
maintenance for CATV systems are based 
on system sweep response and do not in
clude signal leakage detection as an 
ongoing part of the program. Many sys
tem problems that can go unnoticed by 
system sweep can be detected by signal 
leakage activities. 

Increasing the amount of sweep work 
in a system has not been able to reduce 
service call rates commensurately. 
Leakage detection and correction work, 
however, has been found to do so in a 
field trial. It is proposed that PH 
programs for CATV systems put more em
phasis on signal leakage detection as a 
method to reduce service calls while 
improving service and reliability. 

INTROQUCTION 

Cable television systems have tra
ditionally approached the topic of 
Preventative Maintenance (PH) with less 
than enthusiastic commitment. Other 
things always seem more pressing, and 
all the best laid plans and intentions 
seem to slip away in the hectic world 
of CATV operations. 

Changes are underway in the CATV 
industry now, and competition from 
VCR's and tape rentals, new "super" 
tape formats, home TYRO's, DBS, and 
MHOS are to be reckoned with. The move 
is to better customer service, quality 
and satisfaction. To meet the competi
tion, systems need to set goals for 
customer service that are attainable 
and measurable, then develop plans that 
can be used to reach them. PH is a 
cornerstone for any successful plan to 
improve quality and service. 

A measurable goal for any PH 
program is a reduction in the number of 
service calls related to plant perfor
mance. Outside of level checks and 
standby power supply checking, most PM 
plans in use today are largely based on 
using system sweep response to monitor 
plant performance. Many system problems 
can go undetected by system sweep, and 
misleading results can be obtained-
especially for long cascades. 

Work carried out by cue cable sys
tems could not establish a co~relation 
between increased sweep activity and a 
reduction in service calls, i.e. more 
sweep did not mean fewer service calls 
or increased subscriber satisfaction. 
It was recognized that if quality im
provements were to be realized, new 
methods and approaches would be needed. 

CURRENT PRACTICE 

Cable systems are dynamic in nature 
and require ongoing attention for 
proper performance. A successful pre
ventative maintenance program should 
minimize the number of service calls 
and have an increase in signal quality 
and system reliability. The best of 
equipment, cable and components does 
not guarantee success if ongoing main
tenance is not carried out. 

Standard preventative maintenance 
programs generally direct attention to 
the headend, trunk system, power sup
plies and amplifiers. Most involve 
electrical checks as well as an element 
of physical plant inspection. System 
sweep--both high and low level--and 
amplifier level balancing, are the most 
common forms of electrical preventative 
maintenance with system test point 
monitoring being the normal method of 
assessing a system's performance. 
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These method& have developed over the 
years, and with varying degrees of com
mitment, are undertaken by all systems. 
Host operators consider system trunk 
sweep to be the cornerstone of their 
preventative maintenance program. 

THE PROBLEM 

The picture on a subscriber's TV is 
the final measure of the performance of 
a CATV system. Proper plant design and 
installation should ensure that ade
quate S/N and distortion performance 
can be achieved. Routine maintenance 
keeps the plant operational, but pre
ventative maintenance is required to 
limit service calls, increase relia
bility and improve quality. The reli
ance on system sweep as the main tool 
in the PH program to the exclusion of 
other methods limits the success of the 
program. 

There are three main problems with 
the heavy use of system sweep for PH: 

1. Sweep can overlook many prob
lems that are or would soon visibly af
fect pictures. 

2. current practices are to sweep 
only the trunk lines, leaving the dis
tribution lines untouched. 

3. Host sweep systems create pic
ture problems by interfering with TV's, 
VCR's and decoders. 

Small cracks in cable sheaths and 
loose connectors do not usually show in 
an easily recognizable fashion on a 
sweep response display. Eventually, 
these defects become large enough to be 
seen, but in the meantime, the effects 
of ingress become apparent in the pic
tures. 

The sporadlc nature of mobile radio 
ingress can cause a large degree of 
customer dissatisfaction as does the 
moving video background on local VHF 
channels. These problems go generally 
unnoticed with sweep activities and 
result in service calls. 

Typically, a CATV system will have 
three to four times more distribution 
plant than trunk. The economic im
plications of doing sweep work on all 
the trunk and distribution plant has 
resulted in the industry generally only 
sweeping the trunk plant. Usually, it 
is only the distribution lines feeding 
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the system test point& that garner any 
attention. The distribution plant is 
unattended except for perhaps a check 
of levels every few years or when there 
is a service problem. Hence, the ma
jority of the cable system plant--the 
distribution network--receives little 
PH (as do the subscriber drops). 

The shear volume of plant makes 
complete system sweep impractical. The 
heavy use of high level system sweep 
will create a large degree of customer 
dissatisfaction. The recurrent blip 
that causes some TV and VCR units to 
lose lock and create broad bands in the 
picture does not create a favourable 
impression with subscribers. 

Problems with high level sweep and 
decoders used with premium services are 
more harmful given the cost of these 
services being paid by the subscriber. 

It is not practical to do all sys
tem sweep work in the middle of the 
night when you consider the amount of 
24-hour-a-day programming and the la
bour costs involved. Increased sweep 
simply causes more subscriber aggrava
tion without a commensurate reduction 
in service calls. 

LEAKAGE DETECTION AS A PM TOOL 

CUC Broadcasting's CATV system at 
Scarborough, Ontario, has an active 
preventative maintenance program. Its 
goals were established to reduce serv
ice calls and improve customer satis
faction and service. As per industry 
norm, the program was primarily based 
on system sweep along with the usual 
attention to power supplies, headend 
and physical plant. Service call ratios 
were essentially static, and increasing 
system sweep dld not reduce service 
calls. 

In an effort to obtain authoriza
tion for the use of channels A-1, A-2, 
41 and 42, an accelerated program of 
signal leakage detection and correction 
was undertaken to achieve a CLI of 64 
dB. Constraints on personnel forced 
the suspension of the sweep program 
when the leakage project commenced. As 
work progressed through the system, it 
was noticed that service call rates re
lated to plant performance were going 
down in areas where leakage correction 
work had just been completed. More 
surprising were the types of problems 
uncovered through leakage detection and 



their significant influence on picture 
quality. These had ~ been discovered 
through normal preventative maintenance 
and service call requests. Finding 
these problems was exactly what the ex
isting PH program, based on system 
sweep, was supposed to do. 

Obviously, the leakage program was 
more successful at reducing service 
calls. An example of this was a to
tally severed 412 underground distribu
tion cable which had been "repaired" by 
the subscriber (who had cut through it) 
with a piece of aluminum clothesline 
wire to join the center conductors 
only. This cable was having an effect 
on numerous channels, but it had not 
created any service calls. Apparently, 
the customers were used to the signal 
quality, and had developed a negative 
perception of the signal quality on 
the cable system. This creates a very 
negative influence on marketing pro
grams. 

Conventional preventative mainte
nance methods would not have detected 
this problem. No service calls were 
initiated, and distribution line sweep
ing was not feasible, thus, the problem 
could have gone undetected for a long 
period of time. The fact that it was 
readily found through a normal leakage 
detection program indicates the suita
bility of enhanced leakage detection 
activities as a useful, preventative 
maintenance and fault finding tool. 

Since it would be impractical to 
sweep the total distribution network 
within a cable system constantly, due 
to the amount of plant, the use of sig
nal leakage detection as a method of 
finding plant irregularities is ap
parent. All the problems uncovered 
through leakage detection are true sys
tem problems that require repairs. 
They have an effect on the pictures in 
the system. The efforts undertaken in 
~he detection program are not wasteful 
of finances because they locate prob
lems. Problems that must be fixed. 

Every leak that is fixed prevents 
at least one and perhaps many service 
calls at a savings of the cost of these 
calls. In essence, we find something 
that needs to be fixed anyway. In the 
process, we catch problems before the 
pictures have deteriorated to the 
point which causes subscriber dissatis
faction. 

There is no long-term extra cost 
with this approach--simply a realloca
tion of resources from expensive serv
ice call activities to appease dissat
isfied customers, to preventative main
tenance through improving plant perfor
mance. It is a net win-win situation 
with a reduction of service calls and 
an increase in subscriber satisfaction 
at the same cost. The ideal preventa
tive maintenance situation. 

The spin-off benefits of improved 
relations with the DOC/FCC over inter
ference to other radio services and the 
increased channel availability due to 
A-1, etc., are a bonus. 

A METHOD 

A method is required to success
fully reduce the amount of leakage in a 
system and then maintain it as part of 
a new preventative maintenance program. 
An initial push is needed, and this 
will require extra staff. A short-term 
increase in the use of subcontractors 
to allow experienced and knowledgeable 
system staff to work on leakage detec
tion has been found to be a successful 
approach. 

The system should be approached in 
a series of waves with ever-increasing 
threshold levels of leakage being 
sensed. It has been found that the 
first pass should use a leakage 
threshold of greater than 100 uV/m to 
isolate the really bad leaks. The 
second pass then uses a lower threshold 
limit of about 75 uV/m and the third 
about 50 uV/m. By breaking the problem 
down into manageable parts, the pos
sibility of technicians being oveE
powered by "leaks everywhere" can be 
reduced. 

Experience has shown that it is 
best to have the personnel detecting 
leaks do the actual correction at the 
same time if possible. The equipment 
used can vary from very elaborate to 
quite simple. It is the commitment that 
is most important. A high degree of 
job satisfaction has been noted in 
these programs, as the results of the 
effort are almost always immediate, ap
parent and positive. 

Once the system has achieved a 
reasonable level of leakage control, 
the ongoing preventative maintenance 
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plan must carry on the work. Leakage 
detection and correction work must be 
given equal footing with system sweep 
programs if service call rate improve
ments are to be maintained. It is sug
gested that systems with a constant 
sweep program could significantly re
duce the sweep resources and invest 
them in leakage work to obtain superior 
results. 

RESULTS 

A concerted effort to work on sig
nal leakage problems in a cable system 
will reveal a startling number of plant 
problems that have gone undetected. 
One has to wonder what it takes for 
some subscribers to initiate a service 
call. The effect on the perception of 
service quality is no doubt significant 
and of value in the increasingly com
petitive market for entertainment dol
lars. 

A comparison was made between the 
service call rates for the Scarborough 
system for a period before and after 
the commencement of increased leakage 
correction work. The Scarborough sys
tem has approximately 1,900 Km (1,200 
miles) of plant and serves over 150,000 
subscribers. The leakage work found 
over 1,200 faults in the system of 
which roughly 60 percent were distribu
tion plant related with the remainder 
split between trunk and drops. 

Over a comparable seven month pe
riod the average number of service 
calls per month dropped by almost 16 
percent system wide. As the overall 
system cannot be said to be all at the 
same level of leakage correction, this 
number is indicative more of a trend 
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than an absolut•. However, in a portion 
of the system which represents about 25 
percent of the total, a more uniform 
level of leakage performance was mea
sured, and its service call rates for 
the same period had dropped an impres
sive 23 percent. 

The results of these figures are 
that the system can operate with at 
least one service technician less than 
the year before while offering a higher 
level of service. 

SUMMARY 

A major program on signal leakage 
detection and repair was instituted, 
and a correlation with service call 
rates developed. Problems that were 
having noticeable affects on picture 
quality which had gone undetected with 
system sweep were uncovered. As leaks 
and ingress were eliminated in an area, 
a reduction in service calls was noted 
as well as an increase in subscriber 
satisfaction. The increased investment 
in personnel time required for leakage 
detection and correction was offset by 
a reduction in staff needed for service 
calls, and the quality of our service 
was improved. 
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PROPOSED HDTV SYSTEMS AND SOME IMPLICATIONS FOR CABLE 

Gerald H. Robinson 

Scientific Atlanta 
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ABSTRACT 

High Definition Television (HDTV) is sub
ject to much debate in the industry. The 
economic opportunity has prompted a high 
level of competitive activity. The cable 
community must appraise the business and 
technical impact of HDTV amid a blizzard 
of conflicting information. The brief sum
mary of several systems and discussion of 
the various techniques presented is 
intended as some small aid to this effort. 
Two of the many technical issues raised by 
HDTV, noise and reflections, are assessed 
with particular attention to the effects 
of time compression. 

INTRODUCTION 

Technological progress has reached a point 
where significant improvement in televi
sion performance is possible. This 
includes developments in source equipment, 
digital signal processing and VLSI. His
torically, the economic opportunity cre
ated by new technology has resulted in the 
creation of new and, hopefully, more 
useful and enjoyable products. Television 
has reached that point. HDTV is coming. 
Technology is the vehicle but economics is 
the engine. There are many technical ques
tions to be answered but the factors which 
are key to determining direction are of 
strategic business and economic nature. 

HDTV can be delivered by a variety of 
media. The constraints of each are dif
ferent making a single "best" system 
design unlikely. Encoding for recorded 
media is likely to be different just as it 
is today. For example, available recording 
bandwidth is increasing while spectral 
space for terrestrial broadcast is, at 
present, fixed. In this paper we will con
sider HDTV from the cable transmission 
perspective. 

STRATEGY FOR INTRODUCING HDTV ON CABLE 

The decisions would be simple indeed if 
picture and sound quality were the only 
criteria. A standard of performance could 
be set and each system evaluated against 
this standard. There are many tradeoffs to 
be considered between resolution, band
width, decoder cost, and transmission 
system constraints. Since many of these 
constraints will change with time, the 
timing of introduction and potential for 
future development must be considered. 
Each of the proposed systems have made 
implicit assumptions about strategy. The 
cable community should consider the 
implications of basic choices. 

Should every HDTV transmission on cable be 
available to customers having only NTSC 
equipment? This is one of the primary 
strategic questions. Is totally differen
tiating the HDTV service to command a 
higher price advantageous or, would the 
broader initial market represented by 
adding NTSC customers offer a better eco
nomic model? Will NTSC based formats con
tinue well into the future? The answer to 
these questions will determine some of the 
technical decisions on compatibility. Com
patibility also has potential impact on 
the quality of the signal which can be 
delivered. The requirement for quality is 
considered below. 

Should increased transmission bandwidth be 
considered to achieve higher performance 
andjor lower decoder cost? This is indeed 
a complex issue. Future development in 
optical fiber and reduction in decoder 
cost will change the model with time. It 
is quite probable that the level of per
formance achieved in recorded media will 
be relatively high. This will serve as a 
yardstick for the consumer in evaluating 
alternatives for program sources. It is 
tempting to say that the quality of the 
transmitted picture must be equal to that 
of recorded pictures. The degree to which 
this is possible within realistic con
straints is not clear. Other factors will 
also be important. certainly, the intro-
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duction of the compact disc has not caused 
the demise of FM radio, even though com
pact disc quality is substantially higher. 
Few cars have TV's, however, and the 
markets are very different. Quality is 
important but other factors must accompany 
quality. Recording time had a large impact 
on the VTR market. The convenience and 
durability of compact discs is a part of 
their market advantage in addition to 
sound quality. 

COMPATIBILITY 

We have discussed above the need to define 
the requirements for compatibility. In 
comparing the NTSC compatibility of vari
ous systems, we will give a value for 
"Compatible Bandwidth" which is the total 
transmitted bandwidth required to allow 
reception directly by NTSC equipment. The 
quality of the received signal is presumed 
to have negligible degradation against a 
purely NTSC signal. This is no small 
point. The interest in HDTV will very 
likely increase sensitivity to the quality 
of all signals. The alternative to 
increasing bandwidth to transmit a com
patible signal would be to require that 
NTSC customers desiring to receive the 
HDTV broadcast pay for a transcoder. One 
aspect of compatibility is independent of 
the requirement for complete com
patibility. This is the issue of field 
rate and number of scan lines. If there 
are advantages to be gained by having 
field rate different from 59.94Hz and a 
number of scan lines not an integer multi
ple of 525, then they should be considered 
along with other tradeoffs. The writer has 
heard no proposed advantages and none come 
to mind. Neither are there any apparent 
disadvantages to invoking these con
straints. Transcoding advantages gained by 
using 59.94Hz and 2X525 interlace or 525 
progressive are obvious. Not having to 
drop frames, for example, eliminates one 
potential artifact and simplifies trans
coding. The fact that transcoding com
plications occur in going to film or other 
video formats seems little cause for gra
tuitous incompatibility with NTSC. 

THE SYSTEMS AND THEIR PARAMETERS 

There are several proposed systems. We 
will first present a general description 
of the various techniques used in encod
ing, since several are common to more than 
one system. We will then present a brief 
overview of several individual systems and 
a summary of their parameters. The systems 
included are limited because of time and 
space. 
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All of the systems begin with input from 
standard cameras (or recordings of such) 
with the exception of those of Dr.'s Glenn 
& Glen (NYIT) [ 1, 2] and Mr. Iredale (The 
Del Rey Group) [3,4). The RGB signals are 
matrixed into a constant luminance set of 
luminance and two chrominance signals. The 
bandwidth of the chrominance channels is 
reduced to take advantage of the lower 
resolution of human color vision. In this 
form, the signals are subsampled to reduce 
transmission bandwith requirements. The 
subsampling generally capitalizes on the 
fact that human visual perception on the 
diagonal requires less resolution. The 
systems vary considerably as to the degree 
of bandwidth reduction (relative to final 
display resolution) they introduce at this 
step. The NHK MUSE [5,6], and Del REY sys
tems are the most extreme in this regard. 
The bandwidth is recovered in the receive 
decoder by use of line difference informa
tion, intra-frame or interframe informa
tion processing. The complexity of the 
decoder increases as the amount of storage 
increases. The complexity progresses 
through requirement for line store to 
frame store to multiple frame store. Quite 
simply, information required to produce 
the display resolution is transmitted time 
sequentially over several frames with an 
obvious reduction in bandwidth require
ment. This works well for static pictures, 
but moving pictures must either use motion 
compensation or simply revert to the 
resolution dictated by the transmitted 
real time bandwidth. Temporal artifacts 
can be generated where interframe informa
tion is used. (Temporal aliasing artifacts 
are well known to moviegoers in the form 
of the backward turning wheels of the 
stagecoach in westerns). Systems which use 
intrafield information do not require the 
complication of motion compensation. 

Many of the systems use time compression 
or expansion of signals before transmis
sion. Where time division multiplexing of 
the luminance and chrominance is employed, 
the signals are time compressed so that 
chrominance and luminance are transmitted 
time sequentially within one line time. 
This is the format of the MUSE Time Com
pression Integration (TCI)signal. Others 
refer to this as Multiplexed Analog Com
ponents (MAC). In any case, the 
chrominance and luminance are encoded as 
analog voltage levels time compressed. 
Time compression raises the transmitted 
bandwidth required to support a given 
signal (luminance or chrominance) band
width. Since the chrominance bandwidth is 
lower, it is compressed to a greater 
extent. 



The MUSE signal is shown in Fig. 1. Note 
that there is no synchronizing pulse 
extending beyond signal modulation. This 
offers improvement in signal to noise. 
Note that two lines are required to send 
the chroma since there are two such sig
nals. 
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FIGURE 1 

Another approach is to take the principles 
of NTSC encoding to greater lengths. The 
ACTV [7] system uses an additional quadra
ture modulated subcarrier and quadrature 
modulation of the visual carrier to trans
mit additional information. This allows 
transmission within one standard channel 
and provides a signal with NTSC com
patibility, albeit with potential 
artifacts. The use of subcarriers has 
impact on signal to noise and quadrature 
modulation of the picture carrier has some 
implications for phase noise in set top 
converters. 

A remaining difference between systems is 
the number of separate channels used. The 
NA Philips [10,11] and Glenn systems 
propose two separate channels for both 
terrestrial and cable transmission. Others 
propose single channels. Some achieve com
patibility within the single channel and 
some do not. 

Many systems provide "CD" quality sound. 
This may well be a key issue in the compe
tition. Often, what may at first seem a 
side issue will prove vital. Some would 
hold that wide screen with good sound are 
really what is needed. Opinions abound, 
solid market evaluation is imperative. 

Table of Parameters 

Table 1 presents a summary of some key 
parameters. Much of the information is 
derived from Mr. William Schreiber's 
response to the FCC NOI [12] and Robert 
Hopkins paper [13]. The resolution numbers 
are based on scanning standard and band-

width only. The numbers for resolution are 
in lines-per-height which, for horizon
tal,is total horizontal lines divided by 
aspect ratio. values for stationary and 
moving areas are given. Bandwidth is the 
total transmission bandwidth required, 
regardless of the number of channels into 
which it is divided. The "Compatible Band
width" is the total transmission bandwidth 
required to allow an unaided NTSC receiver 
to display a picture. The number of chan
nels is the number of separate channels 
transmitted, regardless of bandwidth. 
Storage is intended to ·reflect decoder 
complexity since processing requirements 
also increase as information is drawn from 
a wider temporal range. 

LINE"S 
FIELD RATE 
FRAME RATE 

ASPECT RATIO 

LUMA-VERT 
LUMA-HORIZ 

LUMA-VERT 
LUMA-HORIZ 

TRANS. BW 
COMPATIBLE BW 

CHANNELS 

STORAGE 

MUSE NAPC ACTV NYIT HDBMAC 

DISPLAY FORMAT 
1125 525 525 1050 

60 59.94 59.94 59.94 
30 59.94 59.94 59.94 

16:9 16:9 5:3 5:3 

STATIONARY RESOLUTION 
728 480 480 800 

1007 874 650 1300 

MOVING AREA RESOLUTION 
520 480 480 480 
629 494 316 441 

BANDWIDTH REQUIREMENTS 
10 12 6 9 
16 12 6 9 

1 2 1 2 

3X LINE FRAME FRAME 
FRAME 

TABLE 1 

525 
59.94 
59.94 

16:9 

480 
420 

480 
420 

SEE 
TEXT 

LINE 

The Del Rey system is not shown in the 
table. The sampling pattern used and meth
ods for recovering data do not permit 
ready conversion into app~opriate scan 
parameters and resolution. These parame
ters are addressed in the text on this 
system. 

The MUSE System 

The MUSE (Multiple Sub-Nyquist Sampling 
Encoding) was developed for the single 
channel direct satellite broadcast of HDTV 
[5,6]. The signal bandwidth is 8.1MHz. The 
system is based on 1125 lines 2:1 inter
laced at a 60Hz field rate with 16:9 
aspect ratio (See Table 1). The input 
signal would be 1125/60 "Studio Standard" 
RGB. It provides either 4 channel (15KHz 
BW) or 2 channel (20KHz BW) digital audio 
in the vertical interval. The signal 
format is multiplexed analog components 
with 1:1.25 time compression of luminance 
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and 1:5 time compression of chrominance 
(Fig.1). 
Chrominance is boosted 3dB to help balance 
signal to noise compared to luminance. 
Active line time is 29.25 microseconds. 
Significant amounts of digital processing 
is done requiring motion area and vector 
detection in the encoder. This information 
is transmitted to the decoder. The syn
chronizing signal does not extend beyond 
signal modulation. Clamping level is pro
vided in the vertical interval. For FM 
transmission, AFC is keyed to this level. 
Averaging AFC is not considered 
appropriate for FM modulation of MUSE. 

The MUSE format is not well suited to VSB 
AM modulation. Tests of broadcast in this 
format were carried out in Washington D.c. 
in Jan. 1987. Limited tests on cable were 
performed in Oct,1987 at Alexandria, va. 
More data in this regard are needed. A 
number of public demonstrations of MUSE 
transmitted via FM have been made. Laser 
disc MUSE recordings have also been 
demonstrated. Hardware development on this 
system is the most advanced of any pro
posed. It is also the most complex. Devel
opment of the required VLSI decoder chips 
is underway at present. These are very 
complex, large chips in many cases. 

MUSE is not compatible with NTSC. A 
transccoder is required. Further, it has a 
different field rate and line count so 
that transcoding is more complex. Nonethe
less, such tsancoders have been 
demonstrated. 

HOB-MAC 

This Scientific-Atlanta system has been 
proposed as an extension of the existing 
B-MAC [8] system which is in use in 
several countries for satellite broadcast 
and private network. HOB-MAC [9] is a 525 
progressive system with 10.7 MHz band
width, 59.94Hz field rate, and 16:9 aspect 
ratio (see Table 1). The system has high 
quality digital stereo sound (as does the 
existing B-MAC) 

The system, as the name implies, is Multi
plexed Analog Component and is based on an 
evolution of B-MAC. Data, chroma, and 
luminance are time multiplexed within each 
line. Active line time is 52.5 micro
seconds with chroma compressed 3:1 and 
luminance 1.5:1. Sound is carried in the 
digital data. Clamping level is in the 
vertical interval and a clamped exciter is 
recommended for FM transmission. The 525 
sequential signal is transmitted as a com
bination of 525 interlace and line dif
ference. This has the advantage of limit
ing the transmitted bandwidth without 
introducing storage cost in the decoder, 
and without requiring motion compensation. 
The signal is derived from either a 1050 

220-1988 NCTA Technical Papers 

line interlaced or 525 sequential RGB. The 
input is sampled and diagonally filtered 
to make room for line difference signal. 
Alternate samples are discarded to give 
the "quincunx" sampling pattern. The next 
step is to interleave odd and even lines 
by taking samples alternately from each. 
This has the effect of transmitting the 
sum of the odd and even lines at low fre
quency with the line difference trans
mitted interleaved at higher frequency. 

The HOB-MAC format is a part of a com
patible evolution from B-MAC. B-MAC uses 
6.3MHz bandwidth and is 525 interlaced. 
The increase in bandwith to 10.7MHz 
permits several options, one of which is 
that described above. A second option is 
the transmission of 16:9 aspect ratio with 
horizontal resolution increased to 420 
lines-per-height. This system is com
patible with present B-MAC decoders which 
have dual aspect ratio capability with pan 
and scan. The third option is to transmit 
a 4:3 aspect ratio signal with horizontal 
resolution of 560 lines-per-height. A Y/C 
output from the decoder would make this 
system compatible with s-VHS recorders and 
Y/C equiped television sets. Such signals 
could be carried on cable in two channels, 
one carrying luminance with increased 
bandwidth and compatible with current 
scrambling etc., the other carrying chroma 
and sound. This would provide an enhanced 
4:3 picture free of NTSC artifacts and 
digital stereo sound. 

HOB-MAC has been demonstrated with all 
features save the line difference to 
extend vertical resolution, which has been 
simulated. It is not compatible with NTSC. 
Decoder complexity is relatively low, 
having minimal storage requirements. 

North American Philips 

Philips proposes a system which uses two 
different formats, one optimized for 
satellite and another for terrestrial 
broadcast and cable [10,11]. The satellite 
format is a Multiplexed Analog Ccomponent 
format called HD-MAC60. This format, like 
MUSE, is well suited to satellite trans
mission. A less complex data reduction 
method is elected so that motion correc
tion and frame stores are not required. 
The cable/terrestrial format is two chan
nel, one of which is standard NTSC. 

The system is based on 525 line progres
sive scan with 59.94Hz field rate 16:9 
aspect ratio (See Table 1). The input 
signal would be 525 progressive scan RGB. 
Active line time is 26 microseconds. As 
with other systems, chrominance bandwidth 
is limited. The information is then 
"repackaged" in the form of several dif
ferent signals. one is a line differential 
signal which is a low pass filtered ver-



sion of the difference between the present 
line luminance and the average of the 
adjacent lines (a prediction error). 
Luminance for every other line (n, n+2, 
n+4 etc.) is sent alternately uncompressed 
and 16:9 time expanded. Time expansion 
lowers the transmission bandwidth required 
to support a given signal bandwidth,thus 
increasing resolution. Similarly, 
chrominance is transmitted for every four 
source lines alternating between 1:2 and 
1:4 time compression. The signal band
widths and compression are such that each 
has a common 9.5MHz of transmission band
width. In order to have a uniform distri
bution of temporal and spatial information 
and to facilitate transcoding, subsequent 
frames have different content. The total 
cycle is 4 frames. The information trans
mitted in the four frame sequence 
maintains full temporal resolution with a 
reduction in diagonal detail • This 
diagonal detail is available at lower 
temporal rate and can be recovered by 
added storage provision. Alternately, the 
higher diagonal detail may be filtered out 
at the source. 

The satellite signal is transcoded to a 
two channel format for terrestrial use. 
This format is called HD-NTSC and consists 
of one standard NTSC channel (Main Signal 
Package) and an augmentation channel (Aug
mentation Signal Package). Transcoding is 
relatively simple and does not introduce 
artifacts. The NTSC channel contains only 
standard NTSC information. Adaptive comb 
filtering would be used to reduce NTSC 
artifacts. The second channel contains 
sidepanels to increase aspect ratio from 
4:3 to 16:9, information for increased 
resolution, and digital audio. Several 
formats for the ASP are being considered. 
An analog method has been outlined in some 
detail [10]. The augmentation information 
includes time expanded line difference VSB 
modulated onto a subcarrier. High horizon
tal luminance is time expanded and SSB 
modulated since it has no DC component. 
Chroma is handled in similar fashion. 
Detailed description is beyond the scope 
of this·paper. The modulation format and 
exact packaging is still being evaluated. 
The scheme described and those being 
evaluated fit within a 6MHz channel. Cable 
would carry this augmentation channel and 
a standard NTSC channel. A provision is 
made for selecting the portion of the 16:9 
picture to be transmitted in the NTSC 
channel (commonly called "pan and scan"). 
The pan and scan control would be estab
lished by production requirements and 
transmitted within HD-MAC60. The trans
coder to HD-NTSC will use this information 
to select the portion of the picture to be 
placed in the NTSC channel. 

The system has been demonstrated with most 
features. Development is not so advanced 

as MUSE but the processing is not so com
plex which may allow more rapid advance
ment. 

This system is based on multiple sub
carriers with quadrature modulation [7]. 
The signal is NTSC with one additional 
subcarrier (quadrature modulated) and 
quadrature modulation of the picture car
rier. It is based on 525 progressive 
59.94Hz field rate system with 5:3 aspect 
ratio (See Table 1). While the 5:3 aspect 
ratio is preferred and analyzed, it could 
be 16:9 by modification. A spectrum is 
shown in Fig. 2. 
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The source would be 525 progressive RGB. 
This is matrixed to YIQ and prefiltered. 
Active line time is 52 microseconds. The 
luminance is converted to 4:3 interlace 
scan by first expanding the center panel 
of the input signal to 50 microseconds. 
The remaining sidepanels are separated 
into low and high frequencies. The low 
frequency portion is time compressed 6:1 
into 1 microsecond at each end of the 
center panel. The filtering and compres
sion is such that the transmitted band
width of this signal is standard NTSC 
(4.2MHz luminance and .5MHz chrominance). 
The luminance and chrominance are 3-D 
filtered to produce little crosstalk 
between luminance and chrominance. The 
sidepanel highs are NTSC encoded and time 
expanded to reduce bandwidth to 1MHz,then 
quadrature modulated onto a 3.108MHz sub
carrier. Horizontal luminance detail 
related to the main signal (with same 
expansion;compression) is likewise quadra
ture modulated onto this alternate sub
carrier. A Vertical Temporal helper 
signal, a temporal prediction error , is 
quadrature modulated onto the picture car
rier. This signal is zero for stptionary 
pictures. The resulting signal package can 
be transmitted in a standard 6MHz channel. 
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When received by an NTSC receiver, the 
compressed sidepanels are decoded in com
pressed form but are hidden by overscan. 
The sidepanel highs rely on an interlaced 
subcarrier and the fact that they should 
appear as 30Hz complementary color 
flicker. such flicker is not normally per
ceived. It is also important that the 
level of these added signals be relatively 
low. This system uses time compression and 
expansion but transmits components through 
time parallel modulation techniques 
instead of time sequential as with MAC 
signals. Added information is placed "in 
the cracks" between existing spectral 
information. Sound would be carried by the 
NTSC sound carrier. 

This system has.been simulated by computer 
but has not been demonstrated in hardware. 
computer simulated television pictures 
have been demonstrated. 

Dr's. Glenn and Glenn propose a system 
which begins with a different source. It 
is based on 1050 line progressive scan 
59.94Hz field rate with 16:9 aspect ratio 
(See Table 1). There are, in effect, two 
cameras within one. One scans the image 
525 line 2:1 interlace 59.94 Hz with RGB 
output. The other is a single tube scanned 
1050 line progressive 59.94/4Hz and pro
vides high resolution luminance informa
tion. Low resolution information is pro
vided by the RGB camera at 59.94 Hz. The 
high resolution information is provided by 
the second camera at 1/4 this rate. The 
high resolution information is digitally 
processed and the rate further reduced by 
a factor of two. When received, the high 
resolution signal is frame stored. The low 
resolution signal is scan converted to 
1050 progressive by line interpolation 
and added to the frame store information 
to produce the display. No motion correc
tion is performed. The low frame rate high 
resolution information will cause elonga
tion of pixels in moving areas. Arguments 
based on visual perception predict that 
these effects will not be perceived as 
degradation. 

Transmission is via two channels. One is 
standard NTSC except for the aspect ratio. 
A JMHz augmentation channel contains the 
low frame rate information. Aspect ratio 
is dealt with by using a 56 microsecond 
active line for the NTSC signal, extending 
from immediately after burst to immedi
ately before sync. The number of active 
vertical lines is reduced. This eliminates 
vertical overscan on an NTSC set. Extra 
width is cropped by horizontal overscan. 
Sound would be carried on the standard 
NTSC sound carrier. 
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some hardware has been demonstrated.The 
system uses a totally new camera concept. 
The decoder is moderately complex. 

The Del Rey Group 

This system is based on a unique scanning 
concept which is called tri-scan [3,4). 
The camera scans with spot wobble which is 
different frame to frame to create a three 
frame sequence (Fig. 3). 

DEL REY T r i Sc anrH 

SCAN OF ONE LINE FOR THREE FRAMES 

FIGURE 3 

The numbered points (scan number) on the 
scan line correspond to the triplets of 
pixels making up one NTSC pixel. The 
resulting scan could be considered as 1050 
interlace, 59.94Hz field rate. The spot 
wobble reduces the horizontal sampling 
rate and converts vertical frequency into 
the horizontal. Each frame consists of 
440X414 pixels (the system uses 414 active 
vertical lines). This is based on using 
the full 4.2MHz bandwidth. There are three 
frames in a complete sequence, giving 
547,000 pixels to be shared between 
horizontal and vertical. Assuming that the 
wobble could be viewed as generating 2X414 
vertical lines, we have a horizontal 
resolution of 659 lines. This gives a 
somewhat simplified view which indicates 
the system capabilities. 

As noted, the spot wobble translates 
vertical information into horizontal fre
quency. Consider the case where a vertical 
black/white transition is spanned by the 
beam wobble. In the figure, the transition 
would be at the horizontal line. This gen
erates a large component at the wobble 
rate. The effect is not unlike the use of 
a subcarrier and the same care must be 
used in regard to interference with other 
components. 



Encoding is NTSC. An NTSC receiver would 
treat all frames the same, displaying 
lines as transmitted. The "smart" receiver 
would display with the same wobble as in 
th original scan. The NTSC receiver would 
see each of the three scans as information 
from the same space, even though each scan 
is slightly offset. Edges would show low 
temporal rate flicker (10Hz). 

This process basically sends the complete 
data sequentially over three frames. 
Rather than use a frame store, a longer 
phosphor time constant is proposed. The 
desired result is achieved when static 
pictures are displayed. Motion causes 
blurs due to phosphor lag and the blur is 
in three bands because of the slow refresh 
rate. Frame storage is proposed as an 
alternative. A "Dual Resolution Processor" 
is referred to. Resolution switching would 
be used rather than motion compensation. A 
14:9 aspect ratio is proposed which would 
be attained by reducing active lines 
vertically to eliminate vertical overscan 
and encroach into the display of NTSC 
sets. The image on the NTSC set would 
approach the 14:9 ratio while new sets 
would take full advantage. The possibility 
of expanding active line time to achieve 
16:9 aspect ratio as does Glenn is men
tioned. Sound data would be carried in the 
now unused lines of the vertical scan. 

This system is remarkably similar to the 
MUSE approach in the use of multi-frame 
sampling. It is quite different in that 
encoding is NTSC, and a narrower trans
mitted bandwidth is used. 

The eiements of this system have not been 
denonstrated. Some simulation has been 
performed. The complexity is high. Use of 
phosphor time constant rather than frame 
stores has been proposed to reduce com
plexity. The approach places priority on 
using one 6 MHz channel for compatible 
transmission. 

The transmission characteristics for this 
system are the same as NTSC since it is 
purely NTSC encoded. Noise and reflections 
would behave in the usual way. All of the 
enhacement is via frame sequential data. 

IMPLICATIONS FOR CABLE 

Clearly all systems present some new con
cerns for cable transmission. The funda
mental question of "compatible bandwidth" 
is key. The ~CTV and Del Rey systems place 
the highest priority on this concern, 
keeping to one 6MHz channel. Other systems 
require 9 to 12 MHz in two channels. MUSE 
places lowest priority on compatibility, 
requiring two channels totaling 16MHz. 
MUSE places highest priority on resolu
tion. 

Decoder complexity/cost is not easily com
pared between systems except that MUSE is 
likely the most expensive and systems 
requiring only line stores should be near 
the lower end. 

Signal to Noise 

It is reasonable to assume that the closer 
viewing distance permitted by HDTV will 
require an increased signal to noise ratio 
in the displayed picture. We can make some 
effort to relate the carrier to noise to 
final signal to noise. The perceptibility 
of noise varies with frequency. This is 
accounted for by weighting filters which 
simulate the way we perceive noise. While 
these functions are specified in Hz, they 
relate to the perceptual function which is 
in cycles per height {cph). This is based 
on the fact that observation is specified 
at standard ratio of picture height. This 
relates well to practical viewing condi
tions. For sake of comparison with well 
known parameters, I will begin with the 
well known CCIR weighting function (not 
the unified). 

A 

here 

1. ~J 

A= power ratio 
fl= 0.270 MHZ 
f2= 1. 370 MHZ 
f3= 0. 390 MHZ 

EQ 1 

The frequency in Hz is related to the 
horizontal spatial frequency in cph by: 

Ta 1 
F "' -·~·

AR K 
EQ 2 

where F= horizontal patial frequency 
(cph) 

Ta= active line time of signal 
component(sec) 

AR= aspect ratio (W/H) 
K= compression ratio = Ta/Ts 

Ts= occupied time of signal 
f= frequency (Hz) 

Ta is usually total active line time. How
ever, when the component is a partial·line 
as such as ACTV sidepanels, it is the 
active line time associated with the par
tial line. 
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From the values above and the NTSC parame
ters one can calculate F1,F2, and F3 to 
be: 

F1= 10.63 cph 
F2= 53.95 cph 
F3= 15.36 cph 

We can now convert to another aspect 
ratio, line rate or compression ratio. For 
example, for MUSE luminance: 

Ta= 29.63 microseconds 
AR= 16/9 

K= 1. 25 

which yields (for MUSE) 

f1= 0.795 MHZ 
f2= 4.050 MHZ 
f3= 1.152 MHZ 

These are new values for a weighting 
filter which would be used for MUSE 
luminance. This function would be used to 
integrate baseband noise to determine 
signal to noise ratio. It should be 
understood that some modification of the 
CCIR function for the broader bandwidth 
may be desirable but the function as is 
should give reasonable results. This func
tion, with the new frequency values, 
accounts for the fact that time compres
sion shifts signal frequencies up. In the 
receiver, time expansion returns these 
frequencies to their proper value. This 
expansion also lowers the frequency of 
noise components, making them more notice
able. We can now determine signal to noise 
for VSB modulation on cable. If we 
integrate the CCIR function for NTSC from 
.01 to 4.2 MHz we get a weighting factor 
of 6.2 dB for flat noise. Similarly, if we 
integrate the weighting for MUSE (derived 
above) from .01 to 8.1 MHz we get a 
weighting factor of 4.8 dB. Then, for 
NTSC; 

S/N = C/N - 6.9db + WEIGHTING 
C/N - 6.9dB + 6.2dB 
C/N- 0.7dB 

The 6.9 dB derives from the definition of 
signal to noise and the modulation parame
ters [14]. For MUSE the signal level will 
be 3dB higher because there is no negative 
sync. However, the C/N for a given noise 
level will be 3dB lower because of dou
bling bandwidth (from 4.2 to 8.1MHz). 
Thus, the MUSE signal to noise relative to 
NTSC for the same noise power density 
would be: 

S/N (MUSE) 

S/N (MUSE) 

S/N (MUSE) 

C/N (NTSC) - 3dB - 3.9dB + 
WEIGHTING (MUSE) 
S/~ (NTSC) - 6.2 dB + 4.8 dB 

S/N (NTSC) - 1.4 dB 
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In order to recover the signal to noise, 
we could increase carrier power. This 
would seem practical since the broader 
bandwidth will reduce the number of car
riers present on a system. Also, the 
interference caused by the MUSE modulated 
carrier may be less due to the greater 
spreading of energy. By this means, signal 
to noise might actually be improved 
several dB. An analysis of the suscep
tibility of MUSE to interference is also 
needed. Chroma noise will also need atten
tion. 

When interframe information is used, noise 
effects are reduced because the noise con
tribution in each sample is uncorrelated 
and averages over the samples to reduce 
the net effect. This will occur with 
certain signals in several systems. 

The side panel lows in ACTV are compressed 
6:1. This causes almost the entire band
width of baseband noise to be lowered into 
the perceptible range when displayed. An 
analysis such as above yields a weighting 
factor of 1.7 dB. This indicates that 
signal to noise in the sidepanel area 
would be 4.5dB lower than in the center 
panel. Information on subcarriers and how 
they may fare with noise is incomplete. 
The relatively low levels implied raises 
some concern. 

In the case of the NYIT system, one chan
nel is simply NTSC and will behave as we 
are accustomed. The second channel is high 
frequency information time expanded to 
reduce bandwidth. The 1125 line progres
sive scan is transmitted at 7.5 FPS. This 
doubles the line time compared to NTSC. It 
is time compressed when received, reducing 
noise visibility. Noise does not appear to 
be a major concern for this signal. 

The Philips case is somewhat different. 
The sidepanels are transmitted in a sepa
rate channel. Matching of noise character
istics is important here. Their transmis
sion characteristics would be the same as 
the main signal. The high frequency aug
mentation and line difference signals are 
time expanded for transmission so that 
they have a reduction of perceptible noise 
when compressed after reception. The com
plex nature of the overall modulation 
scheme makes complete analysis impractical 
within this paper. The choices for the 
second channel encoding are still being 
evaluated and could involve digital 
modulation (according to Philips response 
to the FCC NOI). 



Reflections 

The subjective effects of reflections have 
been report~d by Pierre Mertz [15]. As is 
the ca.se .w~th many efforts, his complex 
analys~s ~s usually reduced to presenting 
a simplified guideline referred to as the 
Mertz curve. This curve relates the echo 
level barely discernible to echo delay. A 
portion of this curve from 10 to 1000 
nanoseconds is shown in Fig. 4. Echoes 
with coordinates which fall above and to 
the right of the curve would be visible 
while those below would not. Above about s 
microseconds, the level is a constant 
40dB. 
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T~e original curve was developed for NTSC 
w~th 4:3 aspect ratio. A conversion of 
this curve is necessary to use the 
information for other systems. 

The echo delay axis really relates to 
horizontal displacement on the screen. A 
system using a shorter active line time 
will cause a given horizontal displacement 
to relate to a commensurately shorter 
delay. A wider aspect ratio has a similar 
effect. Many systems being considered also 
transmit· information in time compressed 
form. Echo delay is increased when the 
received signal is expanded to the proper 
display time. All of these effects can be 
accounted for by multiplying the actual 
delay by a constant and using the standard 
Mertz.curve. Alternatively, the curve can 
be sh~fted to the left by this same ratio 
(as.in Fig. 4) and actual delay used. This 
rat~o, M, can be determined by: 

6 
3 52.56 '10 
-·AR'K' " 

EQ 3 

4 Ta 

The parameters of M were defined above. 

For example, if we were to halve the halve 
the active line time and change aspect 
ratio to 16:9: 

M = 2.7 

Curves for several values of M are given 
in the figure. Using MUSE luminance param
eters: 

Ta 29.63 microseconds 
K 1.125 
AR 16/9 

which gives M = 2.7 

A similar calculation for MUSE chroma 
gives a value of 11.8. The appearance of 
echoes in the color signal for a constant 
luminance signal may not be so clear as 
echoes in luminance. Another point to be 
noted is that echoes can cause color 
signal echoes to appear as luminance 
information due to the time multiplexing 
of the components with luminance following 
color. Both are analog voltages dis
tinguished only by timing. 

Cable systems generally have dis
continuities located at 50 ~o 150 ft 
intervals. For a single pair of reflec
tions, this equates to echo delay of 113 
to 339 ns. As MERZ noted, multiple reflec
tions appear as ripples in the amplitude 
and phase in the frequency domain. The 
effects of multiple reflections at short 
delay spacing as encountered in cable are 
best comprehended in this way. A good way 
of testing would be response with 2T pulse 
or bar rising edge. For the broader band 
signals of HDTV a narrower pulse (along 
with a broadband modulator and 
demodulator) would be necessary. For the 
SMHz of MUSE, a transmitted pulse with a 
half amplitude width of 125 ns would be 
required. 

The ACTV system compresses the sidepanels 
by 6 which gives value of 5.9 for M. How
ever, only very low frequency information 
is transmitted in this region. As a 
result, short delay echo will still have 
little effect. 

It is apparent that the reflections in a 
cable plant can be expected to be of more 
concern in HDTV. Primarily because short 
delay reflections which do not have to be 
suppressed so much presently will become 
significant. These effects need to be ana
lyzed for each potential system. 

CONCLUSIONS 

HDTV may be viewed as a threat to cable, 
an oportunity or simply another format to 
be dealt with. The threat would be poten
tial bypass by other broadcast or recorded 
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media. The opportunity would be a service 
of value to the consumer which would com
mand a higher price. The third case 
assumes that almost everyone will have 
HDTV sets eventually and cable simply must 
provide the signal to stay even. Which of 
these views is proven out will depend at 
least in part on the degree to which the 
cable community is active in the decision 
making process. Regardless of which 
opinion is held, an informed and prepared 
position will maximize opportunity or 
reduce risk. 

There will, no doubt, be unforseen techni
cal challenges in carrying HDTV on cable. 
The systems are different in the priority 
placed on various tradeoffs. Each presents 
some different challenge to cable. We have 
tried to provide some insight into the 
effects of noise and reflections in some 
candidate systems. Continuing effort is 
required to gain a sufficient understand
ing. A more complete evaluation will 
become practical as systems are better 
defined and understood. 
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RADIATION MEASUREMENTS - COMPLYING \HTH THE FCC 

R. Martin Eggerts 

BLONDER-TONGUE LABS., INC. 

ABSTRACT 

The FCC does not require a 
manufacturer of CATV equipment to obtain 
type acceptance or certification, but the 
equipment, when properly inst.:~.lled, must 
be capable of meeting the radiation limits 
imposed on the operator of a cable 
distribution system under Part 76 of the 
FCC Rules and Regulations. 

This paper will outline some 
relatively straightforw.:~.rd methods of 
measurement that can be used to obtain 
correlation between plant leakage and 
equipment radiation. Further, major 
sources of error and their possible 
magnitude are examined to establish safety 
margins in order to have confidence that 
FCC specifications are indeed met. 

The application of these methods to 
determine shielding effectiveness of 
passives, predict ingress, and help the 
requirements of CLI are also discussed. 

INTRODUCTION 

The Code of Federal Regulations, 
Title 47 ("Telecommunications"), Part 76 
("Cable Television Service", formerly FCC 
Rules and Regulations, Volume XI, Part 
76), Subpart K, stipulates some of the 
remaining technical operating st.:~.ndards 
that cable systems have to abide by. 
Specifically, 76.605(a)(l2) gives the 
maximum permissible RF radiation limit and 
76.609(h) outlines the measurement 
procedures acceptable to the FCC for 
determining the radiated field strengths 
from leaks in c.:~.ble television systems. 

The procedures as written are 
specifically directed to monitoring an 
aerial cable plant, but since compliance 
is required from the entire system, upto 
the subscriber's TV set, they are also 
applicable to non-strand mounted CATV 
equipment, including head-end and 
subscriber premises components. These 
procedures are especially relevant to the 
manufacturer of active CATV gear who must 

ensure that the level of designed-in RF 
integrity will be preserved when installed 
in the field and will then be verifiable 
as measured by the oper.:~.tor according to 
FCC mandate. 

Therefore the manufacturer's test 
program cannot be 1 imi ted to labor a tory 
type measurements alone, but must also 
include realistic simulations of FCC
compatible field tests. The practical 
implementation of these is the subject of 
the followino discussion. 

TEST EQUIPMENT 

No specific test equipment is 
mandated by the FCC, but the rules do 
advise to use "a field strength meter of 
adequate accuracy" and "a horizontal 
dipole antenna". 

Field Strength Meter 

It should be capable of measuring RF 
levels down to below -60 dBmV and cover 
the CATV frequencies upto 450 MHz or 
higher. The most useful instrument is a 
spectrum analyzer because it also enables 
rapid identification of all particularly 
bothersome or otherwise significant 
signals. However, most analyzers lack 
adequate sensitivity and must be used with 
a low-noise preamplifier. A CATV indoor 
distribution amplifier or a good line 
extender is suitable. The actual 
sensitivity of this combination is 
dependant on both the noise figure of the 
preamplifier and the bandwidth setting of 
the spectrum analyzer. Table I shows the 
sensitivity that can be expected with 
various bandwidths and noise figures (it 
is assumed that the preamplifier has 
adequate gain, so that the noise 
contribution of the analyzer is 
negligible). 

Dipole Antenna 

An adjustable dipole antenna can be 
constructed from two telescopic "whip" 
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ways, a) the direct and the 
ground-reflected signal, on arriving at 
the receiving dipole, can alternatively 
cancel or reinforce each other, changing 
the received magnitude, and b) the 
proximity of conducting ground can change 
the impedance and thus the gain of the 
dipole. 

The magnitude of the true direct free 
space field strength (Ed) is related to 
the measured field streng~h (E ) by m 

where B k(d/r) 

A ((2 (d-rll/A. )+p 

and d direct distance, source to 
dipole (m) 

r = reflected distance, source 
to dipole (m) 

k magnitude of ground ref-
lection coefficient 
(maximum 1.0) 

p phase of reflection 
coefficient 

'A wavelength (m) 

Fig. 9 shows the geometr1.c 
relationship of d and r. 

source 

' ' ' \. 
'\ 

dipole 

:*-
/ 

' / '\ / 

'0-r.J; / 
' / /7777, gr6Utd/// //7 

FIGURE 9 

Direct and reflected paths 

For the reflection angle of the 
proposed test site (63°) the phase of the 
reflection coefficient, p, can safely be 
assumed as 0, but the magnitude k is a 
function of the dielectric constant, 
depending on the moisture content and 
nature of the ground surface. A k=O. 6 is 
an accepted average value for reasonably 
dry soil (dielectric constant = 15). Fig. 
10 plots the expected deviation, in dB, of 
the measured signal E from the direct 
free space signal Ed,m for k=l.O (solid 
line) and k=0.6 (dash~d line). 
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Measured vs. true field strength 
(effect due to ground reflections) 

Similarly Fig. 
deviation, in dB, 
variations (k=l.O). 

11 shows the maximum 
due to impedance 

+1 

7 \ /\ 1\ I' I 

) v v v v \ 

"CC 
~ -1 i\. v 
' e: 
~ 

50 100 200 300 

MHZ 

FIGURE 11 

Measured vs. true field strength 
(effect due to dipole impedance change) 

Surface roughness 

Ironically, unlike laboratory type 
measurements, where one seeks a perfectly 
flat and conducting ground plane, in an 
open field test site the magnitude of 
reflections will decrease and the accuracy 
of measurement increase over rougher 
(within limits) ground. For example, by 
Rayleigh's roughness criterion, an average 
ground roughness of 1/2 foot (1 foot 
peak-to-trough) will result in negligible 



reflection and thus minimum error above 
about 275 MHz. 

Safety margins 

Taking into a cummulative account the 
maximum excursions depicted in Figs. 10 & 
11, and adding possible dipole length and 
calibration errors, a 10 dB margin of 
measured signal strength below that of the 
FCC limits would seem to assure that they 
are met under all conditions. 

SHIELDING EFFECTIVENESS 

The same methods as used 
field strength, can be readily 
order to determine the 

to measure 
applied in 

shielding 
effectiveness of passives. 

The unit to be measured is mounted as 
the source on one pole and the dipole on 
the other in the usual manner. The signal 
level into the unit should be as high as 
possible, of the order of + 60 dBmV or 
higher. Because of the high signal level, 
proper shielding of all coaxial cables and 
connectors is especially important. The 
signal level received by the dipole is 
r~ad (in dBmV) as before, and, knowing the 
sJ.gnal level supplied (also in dBmV) to 
the input of the unit under test, the 
shielding effectiveness S (-dB) can 
obtained from 

s = p 
r 

where : P 
r 

- Pt - 10 log (103.85/f 2 ) 

receiving dipole output 
(dBmV) 
input to transmitting source 
(dBmV) 
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FIGURE 12 

Shielding effectiveness & 
Ingress threshold 

Fig. 12 is a plot of shielding 
effectiveness as a function of the 
m~asured transmitter-input/dipole-output 
dJ.fference in dB. Appendix B traces the 
derivation of the equation. 

INGRESS 

Ingress immunity, while not 
specifically a concern of the FCC, remains 
a CATV problem. It is proposed (IS-
15) that the minimum carrier-to-ingress 
ratio at a subscriber device be 60 dB in 
the presence of an ambient field of 1 V/m. 

It would be alnost impossible to set 
up such a radiated field in an open air 
site, not to mention the resultant 
interference potenti'll over a wide area. 
How~ver, if we reverse ingress to egress, 
makJ.ng the unit under test to radiate 
(~nstead of receive) by feeding it a 
sJ.gnal level far in excess for which it 
was designed, we can apply the same 
reasoning as in measuring shielding 
effectiveness, and arrive at a 
representative ingress evaluation. 

If the signal fed into and 
transmitted by the test unit exceeds the 
signal received by the dipole by more than 
131 dB (at any frequency), the ingress 
c:i~eria are likely to be met (assuming a 
mJ.nJ.mum 0 dBmV operating signal). 

A word of caution : rarely, if ever, 
will signal ingress and egress for a 
device be exactly the same. 

CLI 

As far as ground based leakage 
measurement techniques are concerned, the 
CLI requirements (76.611) rely on the same 
procedures that the FCC has outlined 
( 76.609) for general system radiation 
limits and which form the basis of all the 
methods discussed here. It is the 
application of the results of these 
measurements that require some thought . 

The CLI requirements seem to apply 
over the frequency range of 108 - 137 and 
225 - 400 MHz. In the lower of these two 
bands the present general limits are 
already more stringent than the CLI 
threshold level, and therefore a system in 
compliance would have no contributary 
leaks. In the higher band, CLI effectively 
lowers the limit to 50 uV/m @ 3 m (from 15 
uV/m@ 100ft., equivalent to 150 uV/m@ 3 
m), and all the way to 20 uV/m for new 
construction (see Fig. 7). 

the 
The maximum number of leaks 
CLI threshold of 50 uV/m) 

(each at 
that a 
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system could have is 1004. However, a 
system could also be totally in compliance 
with the general requirements of 76.605, 
yet exceed the CLI limit with as few as a 
total of 112 leaks (each at a level of 15 
uV/m @ 100ft., or 150 uV/m @ 3 11, in the 
frequency range of 225 - 400 MHz. 

APPENDIX A. 

Converting uV/m into dBmV. 

The power density P (W/m ) in a field 
of intensity E (V/m) in free space is : 

E.2 
p = 12071' 

The effective area (m ) of a resonant 
half-wave dipole is given by 

A = 1. 64 x~ 
4 

Therefore the power intercepted by 
this dipole will be 

p 
r 

AP 
1.64Al EJ. 

480 7f"'l 

The equivalent received voltage e, 
across a dipole impedance Z, is : 

e = vP;Z 
Substituting 300/f 

frequency in MHz) for 
dipole impedance, we get 

48.34 E 
e = 

f 

If we express e 
uV/m, then : 

(where f is the 
, and 75 ohms for 

in dBmV and E in 

( 
.0483f4 E) e = 20 log 

which is the signal in dBmV received by a 
75-ohm resonant dipole, and where E is the 
field strength in uV/m and f is the 
frequency in MHz. 

Conversely : 

E = 20.69 f log-r (~ 0 ) 

APPENDIX B. 

Shielding Effectiveness. 

A transmit/receive antenna system has 
a power transfer of : 

p 
r 
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where p 
r 

pt 

G r 

Gt 

'}.. 

R 

receiving antenna output 
power (W) 
transmitting antenna input 
power (\~) 
receiving antenna gain (over 
isotropic) 
transmitting antenna gain 
(over isotropic) 
wavelength (m) 
path distance between 
antennas (m) 

For a resonant half-wave dipole 
G = 1.64. If the shielded unit to be 
t~sted (the transmitting radiator) is 
regarded as a point source (isotropic) 
antenna, then Gt = 1. 0 Putting R 1 the 
distance at 3 meters and expressing the 
wavelength as 300/f (where f is the 
frequency in MHz), we get : 

p 
r 

pt * 1.64 * 300
2 

which gives a transmit-to-receive power 
ratio of 

p 103.85 
r 

Converting to decibel terms, we have 
the relation : 

p 
r Pt + 10 log 

103.85 

f2 

Regarding the shielding effectiveness 
S (in -dB) as a direct attenuation in the 
transmit/receive path, we now have 

Pr = Pt + 10 log 
103.85 

f2 
+ s 

and rearranging 

s 

where p receiving 
r (dBmV) 

dipole 

103.85 

f2 

output 

pt input to transmitting unit 
(dBmV) 

f frequency 

Note that S will 
(-dB), as shielding 
commonly expressed. 

(MHz) 

always be negative 
effectiveness is 
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REDUCING SERVICE CALLS ON DROPS 

BARBARA L. LUKENS 

AMERICAN TELEVISION AND COMMUNICATIONS 

ABSTRACT 

This paper discusses the high percentage of 
drop-related service calls to all service calls. It cites 
some of the causes of drop-related service calls and 
suggests possible solutions to those particular 
problems. Much of the data was obtained from 
responses to a survey conducted throughout operating 
divisions at ATC and Paragon. 

This paper also describes both the field testing 
and the laboratory testing of drops which are taking 
place at ATC. (While the testing is still in the early 
stages, results are given where available.) It is clear 
that either the current methods and/or the materials we 
are utilizing in installations must be revised if we are to 
reduce service calls and improve customer service. 

INTROQUCTION 

Most system technical personnel agree that a 
large proportion of the service calls they receive are 
due to various problems with subscriber drops and 
therefore affect a single customer only. Over time the 
potential exists for an operator to run a service call to 
each and every subscriber in each and every system. 
Identifying the reasons for these service calls and 
finding long term solutions will have a significant and 
positive financial impact on system operations. 

OEEINING THE PROBLEM 

We asked our system engineers what 
percentage of their service calls are related to 
problems in the drop portion of the plant. Responses 
ranged from 5% to 90% with the average falling in the 
45-50% range. This would imply that resolving drop 
problems over the long term could reduce the number 
of service calls by about half. 

In an average system* having 50% penetration, 
47% of the total plant will be drop wire. It should be no 
surprise, therefore, that 45-50% of the service calls are 
drop-related. As penetration numbers improve in the 
quest for added revenues, more than half of the plant 
will be drop wire and, at the current service call rate, 
more than half of the service calls will be drop-related. 
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Any progress which can be made now in reducing 
truck rolls on drop-related service calls will increase 
the operating savings as subscriber penetration 
numbers increase. 

Our immediate goal is to study causes and 
develop solutions for those problems which occur 
along the drop between the tap and the ground block. 
We believe that 30-40% of the problems which inspire 
drop-related service calls occur in this portion of the 
drop. 

CAUSES 

Results from a survey of ATC and Paragon 
operating divisions indicate that approximately one
third (1/3) of the drop-related service calls are caused 
by problems at the E-connector. These problems 
typically fall into one of the following four categories: 

1) those improperly installed 
2) those which have corroded 
3) those which have loosened over time 
4) those which have manufacturing defects. 

We know also that service calls are generated 
when drops are taken down by storms or other 
accidental means, or when buried drops are cut, and 
that drop replacements due to such damage account 
for 4% of service calls. Another 2% of drop cables are 
replaced when the service technician is able to confirm 
that the problem is indeed in the drop but cannot 
determine that a specific component is causing the 
problem. 

The causes of the remaining 64% of the drop
related service calls have not specifically been 
identified. It is probably fair to say that they are due to 
problems within the home stemming from faulty 
electronic equipment (the subscriber's or the 
operator's) or the subscriber's inability to properly use 
the equipment. While this paper does not cover these 
particular problems, preliminary results from our field 
test indicate that most of the service calls which have 
been run in the test area resulted from consumer 
education issues. 

* An average system is defined for this paper as 
having 100 homes per mile, an average drop length of 
125 feet and a trunk to feeder ratio of 1 :3. 



TESTING 

In order to adequately determine what are the 
real causes of service problems within the subscriber 
drop it is necessary to study the methods and tools 
employed in doing an installation as well as to test the 
drop materials which are currently available on the 
market. The test parameters being used for both the 
field and the laboratory testing of methods and 
materials were established by ATC's Engineering and 
Technology Department. 

procedures - Fjeld Testing 

The first field test is taking place on a northern 
coastal island where the environmental conditions are 
severe and where the test area is well-defined and 
isolated. Additional test areas in other systems will be 
identified which will also be relatively small and self
contained for control purposes. 

The current test area contains approximately 
500 passings and 180 subscribers. (The penetration 
will increase as we move into the summer months.) 
The island can be accessed only by boat and has 
been assigned to one service technician. It was 
selected because of the harsh environment as well as 
the ability to control the quality of the installations and 
follow up on service calls. Having only one system 
technician directly involved with running service calls 
also provides a more controlled environment. 

All drop wires installed were messengered RG-
6 cables with 67% braid coverage. In this particular 
case, only the cable from one manufacturer was used, 
but we installed both a regular drop cable and a 
waterproof drop cable, marking system design maps 
for later reference and identification. 

Two connectors, from different vendors, were 
used. One was a standard type F-connector and the 
other was a waterproof type F-connector. Again, 
system maps were marked to identify locations for 
each material for later reference and identification. 

Drops were installed by a drop contractor in 
accordance with the manufacturers' specifications, 
using otherwise standard installation practices. All 
samples were installed using "boots and grease" on 
the tap end. Control samples were sealed with RTV 
sealant on the ground block end with the remaining 
samples having "boots and grease" at the ground 
block end. No additional protection was provided for 
the waterproof connectors. The drops within the test 
area were post-inspected by system and corporate 
engineering personnel to verify that proper installation 
procedures were used. 

Each possible scenario was given a code which 
was to be used on the system design maps to track the 
various installations. Trouble calls were to be 
recorded, drop-related or not. 

Additional information was to be kept for the 
drop-related trouble calls, such as: 

1) location of the failure 
2) symptom as seen by the customer 
3) symptom reported by the service technician 
4) code type of the drop in question 
5) corrective action taken 
6) any failed components were to be replaced with 

the same equipment and procedures as the 
original install 

In addition to the controlled test described 
above, several systems are experimenting with 
materials which are newly on the market or which have 
been used sparingly in the past by ATC or Paragon 
systems. The system engineers are reporting results 
as they have them or when they are queried, providing 
other test beds, albeit without the same controlled 
environment. 

Results- Fjeld Testing 

Upon inspection of the initial installations, which 
took place in September and October of 1987, several 
were found to have been crimped with pliers instead of 
the proper hexagonal crimping tool. About 20 
connectors have been replaced beca'use of this 
problem. Not all of the incorrectly installed connectors 
were replaced before causing a service call, however. 
Two of these caused problems with off-air pick-up and 
were corrected by replacing the F-connectors using 
the proper tool. 

To date, there have been no problems resulting 
in service calls due to the cable itself and no drops 
have been damaged. Peeling the messenger back on 
one of the cables, as one does at the tap and at the P
hook, also peeled the cable's poly jacket back 
exposing the braid. (This happened only on 
occasion.) All other drop-related service calls (about 
six) were due to consumer education issues. 

Below are some comments received .from 
systems which have experimented with waterproof, 
extended life drop cable. Comments are: 

. fittings were easily installed 

. water and salt migration seemed to be slowed 
when left to the beach environment 

. foam dielectric adhered to the center conductor 
and had to be scraped off 

. the messenger sometimes pulled out of the poly 
covering while stripping it back, exposing bare 
steel 

. stripping the messenger back sometimes left 
ragged edges on the drop cable 

. no noticeable difference compared to non
waterproofed drop cable over a period of a few 
months 

. the key seems to be waterproofing of fittings 
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Procedures - Laboratory 

The laboratory testing will determine how well 
various drop cables, connectors and protection 
methods perform. Samples will be placed in a salt 
spray chamber for a period of 15 days in a spray 
solution containing salt water and acetic acid (copper
accelerated acetic acid-salt spray testing). The acid is 
used to speed the aging process, such that one day's 
exposure i~ the chamber is equivalent to one year of 
exposure m a harsh, coastal environment. The 
samples will be examined for environmental effects at 
3, 7, 11 and 15 days, which will represent 3, 7, 11 and 
15 years respectively. 

The test will contain six (6) connectors from five 
(5) vendors and six (6) cables from three (3) vendors. 
All cables will be RG-6 size with 67% braid. All six 
~nne~ors will be installed on all six cables, (requiring 
th1rty-s1x (36) samples) in accordance with the 
manufacturers' installation procedures. Each 
individual sample will be tagged for identification. 

Thirty -six cable samples approximately 24" in 
length, are attached to a bracket. One end of the cable 
has an installed F-connector, the other end is capped. 
The brackets allow the samples to be suspended in 
the chamber and to be easily removed for inspection 
purposes. There are a total of five brackets, one for 
each of the four time periods, and a control sample 
bringing the grand total of cable samples to on~ 
hundred eighty (180). 

Each cable sample will have a knife cut around 
the perimeter of the cable, cutting the outer jacket, but 
not cutting the inner braid. All connectors will have 
"boots and grease" applied except those which are 
built to be moisture resistant. 

. After the first three days, the first set of samples 
w111 have the outer sheath removed in quarter inch 
increments on either side of the original cut in order to 
note the migration of water and/or salt along the cable. 
The open end will also be cut back in quarter inch 
increments to determine the depth of water migration. 

The boots will be removed to note the effects of 
the salt spray environment on the connectors. One 
connector will be removed also, noting the amount of 
torque required for removal. 

Contact resistance will be measured at two 
locations on the samples. First, from the connector 
(the back of the ferrule) to the F-81 at the bracket and 
second from the knife cut (16"-18" along the sample) 
also to the back of the ferrule on the connector. 
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The same procedure will be repeated for each 
of the four (4) periods. 

In addition, a pull-out or tensile strength test will 
be done to determine the minimum strength required 
to pull the connector away from the cable. Pull-out is 
defined as slippage of at least one-eighth inch. 

Resyijs - Laboratory Te§tjng 

To date, there has been some collection of raw 
data, but the tests are incomplete and therefore the 
data have not yet been analyzed. The results of the 
initial pull-out test and the measurement of water 
migration from the first week in the chamber are 
available and are shared below. 

The pull-out testing was done on all 180 
samples prior to putting them in the chamber. Of the 
180 connectors, there were eighteen (18) which pulled 
out at tensile strengths below the minimum at which 
the manufacturers said they should. Of the eighteen 
(18) failures, twelve (12) could be attributed directly to 
the connectors and the remaining six (6) to the cables. 

There has been insufficient analysis as to why 
the connectors did not grip well at all times in this test 
(a 3.3% failure rate of the all brands and types of 
connectors). No one connector was at fault 
significantly more than others, although all of the 
connectors seemed to fail more often on one 
manufacturer's cables. 

It appears that the cables (all manufacturers) 
caused the connectors to pull out because they are 
irregular (i.e. braiding material is sometimes bunched 
and the poly jacket does not have a constant 
thickness). 

One week in the chamber has been completed 
as of this writing, an equivalent of seven years due to 
the age acceleration process. The results of testing 
contact resistance, removal torque and connector pull
out will not be reported until the completion of a full 15 
days in the chamber, as they are not deemed relevant 
at this point. Water migration was measured at the end 
of both the 3 and the 7 year periods and is shown 
below on bar charts. 

The graphs show that cable C, which is the only 
cabl~ without a moisture inhibiting compound, 
consistently shows the greatest amount of water 
migration, while cable A has the least amount (usually 
none at all). Cables D and E allowed significantly 
more water migration over a seven year period than 
over the three year period. 
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CONCLUSIONS 

While testing is far from being completed and 
therefore there has been no analysis, preliminary 
results would indicate that the use of drop cables with 
moisture inhibiting compounds may be of some benefit 
in reducing water migration. Since water in the cable 
affects the signal quality, it could perhaps be inferred 
that the use of drop cables with a moisture inhibiting 
compound will also reduce service calls. 

Insuring that all installers use the proper 
methods of installing connectors along with the use of 
the correct tools should also help, although we fourid 
that some connectors will pull out even if they are 
installed with great care in a laboratory setting.* 

It is apparent that some loose connector 
problems are caused by irregular cable diameters, and 
not because the connectors or installation methods are 
faulty, although a 3.3% failure rate on connectors with 
respect to holding or gripping capacity perhaps needs 
to be improved upon. 

SUMMARY 

Nearly thirty-six per-cent of drop-related service 
calls could be eliminated by accomplishing the 
following: 

1) manufacturing cables such that all dimensions 
are accurately retained throughout the cable 
length 

2) making F-connectors such that they 
a) resist corrosion 
b) prevent moisture from entering the cable 
c) are more easily installed with a minimum of 

installer training 
d) retain shielding integrity 

3) burying drops 6-8" below grade 
4) having all installers and service technicians 

carry the proper connectors for all types of drop 
cable within the system, and trained to 
recognize them and use them properly 

5) using drop cables which have effective moisture 
inhibiting compounds 

6) developing a special tool for peeling back the 
messenger so that the remaining cable surface 
is smooth and will not channel water into the 
connector. 
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The remaining sixty-four per-cent of the drop
related service calls are due to problems within the 
subscribers' homes. Many of these calls could be 
resolved with better consumer education programs, 
and could be effected by CSR's rather than rolling a 
truck. The telephone companies solved this problem 
by making telephone wiring universal and by allowing 
homeowners to own the internal system components, 
thereby being able to charge a customer for a service 
call which requires in-home repairs or adjustments. 
While our product is not yet universal in scope, if we as 
an industry could include installation procedures and 
workmanship and material specifications in the 
Uniform Building Code all new housing starts could be 
prewired. A by-product of this effort would be 
hardware which could be installed easily by the 
homeowner (perhaps similar to the wall-plate 
approach used by the telcos), plus all products sold at 
local outlets would have to meet the industry's 
standards of quality. The cable operator could then 
recover the cost of service calls caused by problems 
within the home. 

In the absence of conclusive evidence, the best 
approach we can take today is to thoroughly train our 
employees and contractors in the proper use and 
application of the connectors and cables currently 
being used. Proper use of the correct wrench or 
crimping tool is key. This training in itself is not 
sufficient to insure quality workmanship. A second 
effort in the form of an effective quality assurance 
follow-up program for in-house and contractor 
installers is also necessary. Both of these must be an 
on-going effort, but training and motivating employees 
is key. When we do have test results which clearly 
direct us to use specific materials and equipment, we 
can then firmly move in what we will know is the right 
direction. 

• In no cases in the course of this study was there a 
situation whereby the installer had to choose a 
connector to fit an older or different size drop cable. In 
the real world, this can be an issue, and installers must 
be able to recognize the different cables and the 
connectors that fit them, and they must have an 
adequate supply of all necessary components in their 
vehicles. 

I'd like to acknowledge Jim Haag and Raleigh 
Stelle from ATC's Engineering and Technology 
Department for their valuable input into this paper. 



SERVICE CALLS ARE NOT SCHEDULED IF CUSTOMERS DON'T CALL. 
EASY WAYS TO KEEP CUSTOMERS FROM CALLING. 

Fritz Baker 

Viacom Cablevision 

ABSTRACT 

Simple procedures, used with preextstmg 
software in our billing computer, allowed us to 
reduce our service call rate two thirds while 
adding 25,000 customers to our system. We 
use our billing computer in real time to analyze 
customer service requests, identifying specific 
problems by geographic location within the 
cable system. Problems are identified, located, 
and dispatched to the technicians before most 
customers know a problem exists. Eliminating 
the reasons customers call for service 
eliminates reasons for them to downgrade or 
disconnect. 

THE BILLING COMPUTER 

Most billing computers have many useful 
programs that can help us reduce service calls. 
They usually can identify: why customers call, 
what we did when we got to the home, which 
employees were involved, and which areas of 
plant have a higher percentage of service calls 
than other areas. Some biiling computers will 
itemize and compare types of problems found 
between different parts of the system. 

The Data Base 

The first step in using the billing computer 
information to reduce service' calls, is to 
understand how your system was originally set 
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up. If you have been on-line several years, the 
system was probably divided into segments to 
accommodate the salesman. One of the most 
freQuent divisions was the wmanagement areaw. 
Sales routes were created to track the 
salesman. Systems were also divided to 
accommodate franchises, tax codes, zip codes, 
mail routs, or cities; the list is endless. Often 
several divisions were used. The smallest 
division is the most helpful for tracking 
service calls. We would like to associate these 
small divisions with either trunk runs or 
headend hubs. 

In Viacom's Nashville system, we use 
CableData as our billing computer. The system 
was not originally setup with service calls in 
mind. It is still not, but we put to use the 
divisions in the customer base, originally set 
up for salesmen, to identify areas of plant 
which record higher than normal service calls. 
Our system, with 2,000 miles of plant, is 
divided into about 100 management areas. 
Seven head ends are represented within these 
management areas. 

Displaying Seryjce Calls jn Real Time 

Nashville's annualized service call rate is 
currently 24% with a customer base of 
88,0000. We schedule service calls six days 
per week and complete about 69 calls per day. 
For the most part, we do next day service calls, 
but we will vigorously investigate and fix any 
system problem the same day. To help us do 
this, CableData provides an on-line visual 
display of pending service calls sorted by 
management area. 

If a customer's problem cannot be solved 
over the phone, we schedule a service call. 
This trouble call order is displayed, on a 
service representative's CRT, with other 
trouble call orders taken that day and from 
from any previous date. Space limitations are 
inherent in a visual display, so numeric problem 
codes are used to represent a description of the 
problem. We chose to have the numbers 1-9, 
represent customer complaints that have a high 
potential of being possible system problems, 
ie., Snowy Picture, lines, Problem Converter, 
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Ghosting, etc. Problem codes 10 and above, 
have a low correlation with system problems, 
ie., Dog Chewed Cable or Bad Remote. The 
display is sorted by management area, with a 
second sort by these problem codes. 

Because fewer service calls are scheduled 
each day (69) than there are management areas 
(1 00). no more than one call should be 
scheduled per area. If there are two or more 
calls in one area, I am interested; very 
interested if they have problem codes lower 
than 10. When this occurs, I become 
pro-active, placing outbound calls to other 
customers on the same street. I want to see if 
they have a similar problem. If they do, the 
search for additional homes experiencing the 
problem is expanded to amplifiers closer to the 
headend. When a location is found where the 
problem no longer exists, a technician is 
dispatched. We make sure no service calls are 
scheduled in the effected management areas 
until we are sure the problem is fixed. Figure 
1. 

The same procedure works in reverse. When 
a technician reports he has fixed a trunk or 
distribution problem, possibly effecting other 
customers, we use the on-line display to search 
this management area, looking for customers 
with similar problem codes. We call any 
previously scheduled customers to confirm that 
their problem has been corrected and will 
cancel those service calls. We reduced our "No 
Problem on Arrival" calls 80% doing this. 

The Service Call log 

We log the number of service call orders 
taken each hour, to track each group of 
management areas representing our headends. 
The log allows us to see orders taken on an 
hourly, as well as a daily basis. On occasion, 
calls during one particular hour rise higher than 
the norm. This prompts us to do a visual check 
of the number of calls within each of the 
management areas. Again we are looking for 
more than one call scheduled with low 
numbered problem codes. The log is responsible 
for brining possible system problems to our 
attention. We have a chance to fix them before 



a great many customers call and get scheduled 
for a service call. 

ANNUALIZING SERVICE CALLS 

After a service call is completed, a record 
of that call is maintained within the billing 
computer. At the end of the month, service 
calls are totaled, then sorted by headend area 
and type of call. The number of customers in 
each area is provided, so its annualized service 
call rate can be computed. The annualized rate 
for any fix code such as converters, customer 
education, system problems, etc., can be done 
and a comparison between the areas is possible. 
Figure 2 

This comparison, has led us to find ways to 
reduce service calls previously attributed to 
bad converters. When areas with a high number 
of converter swaps were compared to areas 
with low swaps, we asked why? We did not 
specifically target bad converters for one area, 
therefore, we must be exchanging converters 
due to some other reason. Excessive swaps 
were traced to other problems such as system 

alignment, VHF ingress, or the lack of customer 
e~ucation. Fixing these problems lowered the 
annualized converter service call rate. It 
would have been difficult to have found and 
corrected these problems without doing a 
comparison of problems between management 
areas. 

System Maintenance 

Comparing the annualized fix codes related 
to system problems gave us direction on where 
to sweep and do signal leakage. When 
preventive maintenance was completed in these 
areas, we could see its immediate effect. We 
also saw the disruptive effects of some types 
of system maintenance. Service calls in a 
management area would rise when the system 
was allowed to go off too many times when 
changing pads, equalizers, or cutting in new 
plant. It became obviously cheaper to do 
system maintenance in the early a.m. hours, 
than to do the service calls generated by these 
actions. 

---ACTION --- LINE 
2:MORE INFO 3:ASSIGN 

4:NEW INDEX 

in date 
--- --

22A3 05/03 
2 22A3 05/03 
3 56FI 05/04 
4 56F4 05/03 
5 63G1 05/03 
6 63G1 05/04 
7 63G1 05/09 
8 72A6 05/03 
9 73E2 05/03 
10 73L 1 05/03 

address time 
-------------------------

224 Bt~lst~m (AM-) 
7321 River Park Dr. Apt 1 (PM-) 
2400 Melody Lane (AM-) 
17900 6th Ave N. (PM-) 
433 West End Ave (AM-) 
436 California Ave (AM-) 
506 West Mead Ave (PM-) 
14002 Rose Wt~y (PM-) 
432 Gigi Ave (PM-) 
44432 East End Ave (AM-) 

Dt~te service call is scheduled 
Amplifier Number 
Problem Code 
Mt~Mgement area 

Pool Calls Bs seen in Ct~bleDatB 

Figure 1 

pt t pr Joe 
- -- ---
t 2 220 
t 3 220 

I t 41 440 
1 t 19 444 
1 t I 610 
1 t 610 
1 t 1 610 

t 16 712 
t 20 716 

41 720 

POOL (START INDEX) 

------------------
Q/GROUP 
LOCATOR 
PRIORITY 
ADDRESS 

DATE 
TIME 

5 
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FIX CODE SUB TOTALS ANNUALIZED BY HEADENDS 

Run date: Feb. 1, TO Mar. 1 

AREA 100 

Converter Total 8.4% 
Drop Total 7.5 
Customer Ed. Total 2.0 
Customer Equip. Total 3.5 
Distribution Total 0.9 
No Work Done Total 4.0 

Total Annualized 
Service Call % by Area 26.3% 

Figure 2 

Rebuild Analysis 

Tracking service calls by area can help your 
rebuild analysis. Most of our management areas 
experience a service call rate of 20-25%. 
However, one area recorded an annualized rate 
of 60%. In this area, we found we spent 
$40,000 in additional truck roll costs above t~e 
average. Sorting the several months' of f1x 
codes from the effected area identified the 
problem. A $25,000 rebuild was the solution; 
costs were lower by the end of the year and 
savings in future years will be even greater. 

Ampljfjer Numbers 

If you were to go on-line with a billing 
computer today, I would recommend the 
divisions within your system equate to 
customers fed from a trunk amplifier. Using 
amplifier numbers, rather than loos~ly ~itt~ng 
sales routes, is an ideal way of 1dent1fymg 
system problems. It should be possible to 
accommodate the needs of marketing and still 
assign customers to amplifier numbers by 
planning ahead. I would not recommend 
associating customers with line extenders. The 
interpretation of the on-line display is made 
more difficult when trying to recognize some 
types of trunk problems. Calls from two 

different line extender locations can be 
confusing in this situation. 
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200 300 400 500 600 

9.8% 7.1% 7.9% 6.3% 7.1% 

5.9 4.0 5.5 7.7 4.4 

3.2 2.4 2.9 2.4 2.1 

3.1 2.5 2.5 2.6 2.6 

0.8 0.7 2.4 1.8 1.7 

3.1 2.0 3.6 1.6 2.4 

25.9% 18.7% 24.8% 22.4% 20.3% 

We are now entering trunk amplifier 
numbers into CableData. To do this, CableData 
prints a list of all homes in one management 
area. An employee spends a half day identifying 
the address range from streets served off each 
trunk amplifier. The amplifier number and 
address ranges are entered into CableData. 
CableData does what is called a mass 
correction and fills in the missing addresses 
for each house assigned to the trunk amplifier. 
We can do one sixth of the system every four 
weeks. 

CONTROLLABLE CALLS 

A key aspect to reducing service calls is 
monitoring the types of calls scheduled by the 
service representatives and completed by 
installers and technicians. We give these 
employees constructive feedback on the calls 
they complete. 

The Seryjce Representative 

CableData provides us with a weekly report 
that totals the calls scheduled by the service 
representative and completed by technicians. 
When completing a service call, the technician 
will choose from any of 95 fix codes they feel 
solved the problem. The codes are entered into 
CableData at the completion of a service call. 
Twenty of the codes represent problems that 
could have been solved or "controlled" by the 



representative over the phone. Some of the 20 
codes tracked are: Fine Tuning, Bad Tv, Not 
Home, Converter Education, No Problem on 
Arrival, etc. 

The report compares the service 
representatives to each other with respect to 
these 20 categories. We easily see who is the 
"best" or "worst" in any of the categories. 
Representatives high in a category can be given 
additional training. No longer does the entire 
group receive retraining for categories such as 
"Fine Tuning" when only one or two 
representatives need a refresher course. Figure 
3. 

percentage in this category will become just 
great." 

Installation and Technician Call-backs 

We track call-backs for installers and 
technicians. A call-back is registered any time 
we return to a home in a 30 day period. As with 
the service representatives above, we track 
"controllable" call-backs - Customer Ed., 
Fittings, Drop, Bad Tv, etc. However, we found 
that when the installers and technicians were 
held accountable for all call-backs, then that 
category was reduced by half. We also spent 
less time managing the exceptions which the 
employees felt were not within their control. 

A second report gives feedback to the 
representatives by listing all the calls they The greatest benefit and challenge to 
scheduled, what the problem was thought to be, holding an employee accountable for all 
and what the technician actually found. This call-backs is that they are going to tell you up 
report, used in conjunction with the front what is wrong with your system and what 
controllable report, allows the representative procedures they feel cause call-backs. More 
to see the cause and effect of their scheduling than once an installer slammed ar1' addressable 
a service call. As an example 1 might counsel converter on my desk and said, "If you're going 
with the representative saying, "Several to hold me accountable for call-backs, you've 
customers called and you scheduled the service got to fix this junk!" He was right, but upon 
call as Converter Buzzing. The technician found investigation I found it wasn't the converter. 
the problem to be Fine Tuning. Next time a An incorrect procedure used in check-in could 
customer mentions 'buzzing', try these fine cause the converter to turn off 10 days after 
tuning steps; I'll bet your controllable installation. That procedure might still be in 

SERVICE REPRESENTATIVE PERFORMANCE REPORT 

Date range= 211/88 to 2129/88 

PROBLEM TOTAL 
CALLS IN GROUP 
CATEGORY % 

FINE TUNE 54 3.30 
TVPROB 121 7.43 
VCR EQUIP 41 2.47 
NO PROBLEM 36 2.20 
NOT HOME 45 2.75 
additional categories 
tracked as appropriate 
Service calls 
Completed 1634 

TOTAL "CONTROLLABLE" 
AVERAGE 18.75 

Figure 3 

sample codes tracked 

<-------SERVICE REPRESENTATIVE-------> 
REP REP REP REP REP 
A B C D E 

0.00 11.42 3.03 4.16 4.44 
7.40 8.57 6.06 0.00 8.88 
3.70 0.00 0.00 4.16 6.66 
0.00 0.00 6.06 0.00 6.66 
7.40 2.85 6.06 0.00 6.66 

122 156 149 108 203 

18.50 22.84 21.21 8.32 33.33 
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use today, but for an installer who did not want 
to be held accountable for a call-back he 
attributed to a converter. 

Converters 

We track converters both with CableData 
and with stickers inside the converter. Each 
time a converter is placed or removed from a 
home, a record of that transaction is recorded 
as part of the converter's history along with 
the return COde reason given by the technician. 
CableData generates a list of converters that 
have had multiple trips to the home, the 
reasons for removal, and the repair code used in 
Quality Control when the converter was fixed. 
With the report, we see trends and problems, 
ie., a converter is making its sixth trip through 
QC this year - two times for disconnects; four 
times the technicians said it did not decode 
properly and each of these times the tuner was 
replaced. The report suggests: {a) I am not 
recognizing the problem in QC as described by 
the technician; {b) The disconnects may have 
come from disgruntled customers: and {c) 1 
have an opportunity for reducing truck rolls, 
converter swaps, and possible disconnects if I 
fix this problem. The stickers give me the 
same feedback; however, CableData allows for 
the sorting of information. 

The output quality of QC can be monitored 
by using the installation call-back report and 
selecting converter fix codes. With this report, 
you can see how many converters do not stay in 
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a home 30 days after installation. 

In our system, converter call-back 
percentages dropped more as a result of fixing 
system problems and holding employees 
accountable for their work, than from changes 
in QC procedures. Addressable converter truck 
rolls are often the symptom for problems 
caused by other sources. System upkeep, 
alignment, ingress, customer education, and 
office procedures play an important roll in 
unnecessary converter swaps. A way to 
monitor your system for unnecessary converter 
swaps is to compare the "bad" converter 
returns against the number of converters you 
actually test bad in QC. If you are not happy 
with the results, your problems may lie 
elsewhere. 

CONCLUSION 

The impact of using these reports has been 
to reduce service calls, and the results work! I 
am not satisfied with rolling a service truck to 
fix a system problem I could have identified 
and fixed yesterday. By fixing system problems 
within hours of their occurrence, you eliminate 
the reasons customers call your office to 
complain. If they don't call, they won't receive 
a service call. If they're not calling, they 
cannot use that occasion to request a 
downgrade or disconnect. Large growths in our 
customer base came as a result of providing the 
best possible customer service - We eliminated 
the reasons for the customer to call. 



SuperNTSC FOR SUPER CABLE 
-abstract-

Yves C. Faroudja and Joseph Roizen 

Cable television executives are 
currently examining a variety of proposed 
options for improving the television 
images delivered by their systems to the 
cable subscriber in his home. This effort 
has been catalyzed by the plethora of new 
TV systems being proposed by others as the 
s o 1 u t i o n s t o t h e p r o b 1 e m o f h i g h 
definition television in the future. 

Such systems as the NHK-developed 
HDTV system employing 1125 lines, the 
NYIT-augmented channel system, the 
Fukinuki EDTV system, the Del Ray 
pixellized NTSC, the GE/RCA ACTV system, 
and event the S-VHS dual channel Y-C 
system have been discussed as potentials 
for an improved cable TV delivery method. 

The authors of this paper will 
describe a system that retains full 
compatibility with the existing NTSC 
receivers in nearly 50 million cable TV 
households. While providing stepped 
improvements in picture quality to 
existing sets, as this SuperNTSC system 
lays the ground work for very improved 
NTSC images that would take advantage of 
newer TV sets built with bi-dimensional 
comb filter decoders, and line doubling 
frame stores. The results, which have 
already been demonstrated experimentally, 
emulate the performance of an HDTV system, 
without imposing the burden of extra 
bandwidth and significant added cost. 

SuperNTSC can fit into a cable 
company's present operations by the 
addition of a more advanced NTSC encoding 
process than what is currently being used, 
and greater care in the handling of 
component or composite signals at the 
headend. Once a "clean" NTSC signal is 
sent down the cable, current viewers will 
notice some improvements on their present 
NTSC receivers, the improvement being 
commensurate with the type of receiver 
they own. 

Future receivers with precision, 
dual delay line decoders and a line
doubling frame store will display a 1050 
line image in which the scanning lines are 
invisible, and in which the subjective 
horizontal and vertical resolutions are 
improved. 

The net result of this system is 
that everyone benefits, and cable TV 
images will compete favorably from an 
image quality standpoint with improved VCR 
or video disk systems, or even with other 
more expensive HDTV systems via DBS or 
augmented channels. SuperNTSC is a 
combination of a variety of present 
technologies that can be applied to the 
NTSC system to bring it to its full 
potential as a high ~uality television 
service, while still retaining full 
reverse compatibility with the huge number 
of cable TV receivers already in use. 

--for more information, contact the 
authors--
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President 
Faroudja Laboratories, Inc. 
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THE APPLICATION OF NATIONAL ANI TO PAY-PER-VIEW ORDERING 

THOMAS J. NEVILLE, Viewer's Choice 

MATTHEW D. MILLER, Viacom International 

ABSTRACT 

The benefits and architecture of a 
national ANI pay-per-view ordering system 
are described. Using AT&T's INF01 800 
service, VIEWER'S CHOICE will make 
available to all addressable cable 
operators a high volume, impulse PPV 
ordering system. Customers call an 800 
number and hear an announcement 
confirming their orders. The AT&T 
network passes the customer's 10 digit 
phone number, together with the last 4 
digits dialed, to a central node. This 
data is then transmitted to the cable 
headend via a satellite data channel. 
Inexpensive downlink hardware and 
software screen the data by area code and 
local exchange. System relevant phone 
numbers are then passed via a standard 
protocol to either the billing system or 
the addressable controller at the 
operator's discretion. 

I. INTRODUCTION 

on December 3, 1987, AT&T and Viewer's 
Choice announced plans to deploy the 
first national ANI pay-per-view ordering 
service. Beginning in the second quarter 
of 1988, cable customers in participating 
cable systems around the country will be 
able to order PPV events simply by 
dialing a toll free 800 number. The 
customer hears a recorded confirmation 
message, hangs up his phone, and views 
the event. 

II. WHY ANI? 

The national ANI order system is designed 
to provide cable customers and cable 
operators with simple, inexpensive, high 
volume impulse ordering for PPV. The 
decision to go ahead with the national 
service was based on successful 
completion of a trial performed in 
Milwaukee that began in June 1986 [See: 
"A Trial Of National Pay Per View 
Ordering", NCTA Technical Papers, 
1986]. In the trial research, over 90% 
of surveyed cable customers describe ANI 
ordering as "very easy11 (69%) or 
"easy"(22%). 

For the cable operator, ANI automates the 
entire order taking process. Unlike 
Automated Response Units (ARU's), ANI 
orders can be received from both 
touch-tone and rotary dial phones. ANI 
also permits the handling of large 
volumes of calls at the last minute. 

Fully automated ANI ordering means cable 
operators can offer more showings, and 
also that many more orders per showing 
can be quickly processed. Furthermore, 
for operators with an installed 
addressable base, ANI permits the 
introduction of impulse ordering with a 
modest headend expenditure, no in-home 
investment, and a low $.25 per call 
charge. 

III. WHY NATIONAL? 

National ANI will speed the growth of 
impulse PPV ordering, as well as the PPV 
business overall. 
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A national ANI service is accessible from 
any telephone in the country. It 
provides operators a turnkey ordering 
system with a simple customer interface. 
Requiring very low capital investment 
(under $10,000) for downlink equipment, 
national ANI becomes especially attrac
tive for smaller addressable systems with 
under 25,000 subscribers. 

The arrival of national ANI will also 
hasten the development of industry 
standards in billing andjor addressable 
controller interfaces. The availability 
of comprehensive print and on-air ANI 
launch and marketing materials from 
Viewer's Choice, with costs spread across 
a large national base, is an added plus 
for many operators. 

For some cable operators, local ANI is a 
good solution to their PPV ordering 
needs. However, local ANI is readily 
available in only some areas of the 
country and often involves substantial 
capital investment, guarantees or long
term commitments. The need to deal with 
multiple phone companies sometimes 
further complicate implementation. 

IV. SYSTEM DESIGN 

The system design has three principal 
components: 

- Order collection and acknowl
edgement. 

- Satellite uplinking and transmission 
of order data. 

- Downlink screening of order data. 

The end-to-end system is shown in Figure 
1. 

1. Order Collection and Acknowledgement: 

Each PPV channel has a specific 800 phone 
number associated with it. The cable 
subscriber, using either a touchtone or 
rotary dial phone, calls an 800 number 
during a locally defined ordering window 
prior to the start of a PPV event. 
Customers are connected to a mass 
announcement node where they hear a 
recorded confirmation message. 
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The subscriber's 10 digit home phone 
number, and the last four digits of the 
number dialed, are simultaneously 
transmitted via the AT&T network to the 
Viewer's Choice satellite uplink 
facility. Any calls from exchanges not 
yet converted to equal access will be 
routed to live operators for manual phone 
number input. 

2. Satellite Uplinking And Transmission 
Of Order Data: 

At the uplink, a Q.931 communications 
controller interfaces with the AT&T 
network via a 2-way protocol. Buffering 
capability of 30,000 call messages is 
provided within the controller. The data 
next passes through an AT&T 6386 work 
group station where it is time stamped 
and tabulated for transaction billing 
purposes. 

satellite transmission is accomplished 
using a GI 1500P uplink data conditioner 
and a proprietary simplex data 
transmission protocol employing extensive 
error correction and automatic 
retransmission to assure reliable data 
delivery. All uplink hardware is fully 
redundant. 

3. Downlink Screening of Data: 

Each downlink receives the data via a 
General Instruments model 1500C downlink 
card. The data then passes through an 
AT&T custom screener (AT&T 6312 PC plus 
custom software) which is pre-programmed 
to select out orders originating from 
designated local area codes and 
exchanges. Minimum screener capacity is 
a screen rate of 67 messages per second, 
with buffering capability of up to 3,000 
messages. The combined cost of the GI 
downlink card and custom screener is 
under $10,000 per headend. 

Screened data is then passed to the cable 
company billing computer or addressable 
controller using a simple protocol. 
Within the billing system or addressable 
controller, customers' phone numbers are 
matched to their accounts, while the four 
digit indicator of number dialed is 
matched to a specific channel and PPV 
event. 



V. CONCLUSION 

The nationwide service described here 
is the product of more than two years 
of planning, design, and system 
trial. Throughout, the objective has 
been to provide cable customers and 
operators with a simple, effective and 
economical means to enjoy the benefits 
of impulse PPV programming. We feel 
that this system meets our initial 
requirements of: 

- Nationwide Scope 

- Very High Capacity 

- Ease and Simplicity 

- Low Upfront Costs 

- Full Automation 

Turnkey 
Operation 

Installation and 
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THE EFFECTS OF OSCILLATOR PHASE NOISE 
IN AN FM VIDEO LINK 

GERALD H. ROBINSON 

PRINCIPAL ENGINEER 
SCIENTIFIC-ATLANTA 

DAN PIKE 

VP ENGINEERING 
PRIME CABLE 

ABSTRACT 

Phase noise of local oscillators in fre
quency converters in an FM Video link can 
introduce noise into TV pictures in a CATV 
system. The acceptable level of such noise 
have not been established. The qualitative 
measure of phase noise is its percep
tibility in a TV picture. Baseband signal
to-noise ratio (SNR) is a quantitative 
measure. This paper presents the theory 
relating the RF noise spectrum of an 
oscillator and the baseband noise spectrum 
and SNR for an FM Video link. Measured 
results are compared to the theory and 
conclusions about perceptibility pre
sented. 

INTRODUCTION 

The NCTA Engineering committee formed its 
HDTV Subcommittee in the Fall of 1987. 
Group 1 of that subcommittee is charged 
with the investigation and documentation 
of signal transfer characteristics in 
cable systems, with particular emphasis on 
parameters useful in forecasting the 
transparency of a cable system to various 
HDTV proposals. Improved quality of pres
ent CATV service is also an expected 
result. This paper, together with the com
panion paper by Rezin Pidgeon [1) form the 
first published results of the group 1 
investigations. 

It was determined that the first efforts 
of the Group should be devoted to rigorous 
investigations of phase noise effects 
throughout the entire network, from satel
lite link through final detection. This 
paper treats the effects of phase noise in 
NTSC FM Video links used in satellite 
transmission of CATV signals. Both RF and 
baseband theoretical and measued results 
are presented. 

THEORY 

FM System Equations 

FM modulation is described by the follow
ing equation [1): 
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K<t> 

where 

and 

where 

A c ·CDS [2 · n · f c t 

EQ 1 

M(t) = the modulated waveform 
X = the modulation index 

peak phase deviation 
fm = modulating frequency 

X = 
f 

m 

EQ 2 

~fm = peak frequency deviation 

In the general case, this implies a Bessel 
series of sinusoids (sidebands) when 
expanded. When X is small (X 0.5 rad), 
the process approaches linearity and the 
series is adequately approximated by the 
first term. The result is a single pair of 
sidebands offset to either side of the 
carrier by wm. By constructing a phasor 
diagram of the carrier and sidebands one 
can determine that: 

where 

1 X 
A = ARCTAH<X> 

s 2 2 

peak voltage amplitude of 
sideband 

Noise can generally be treated with this 
approximation unless the total noise power 
is great enough to produce large peak 
phase deviation. Low frequency noise com
ponents may also violate the approximation 
since phase deviation due to a given fre-· 



quency deviation increases as modulating 
frequency decreases (see EQ 2). 

Thermal Noise 

consider a carrier with flat thermal noise 
input to an FM demodulator. By "thermal 
noise" we mean noise with the statistical 
properties of that generated by resistors 
due to thermal effects. The actual source 
of this noise in an FM video link would 
include galactic and ground noise entering 
the antenna, amplifier gain and internal 
noise etc. It does not include oscillator 
phase noise. The following parameters will 
be used for the predetection signal: 

c = carrier power (Watts) 
Nt = thermal noise power density 
(Watts;Hz) 
Vc = peak carrier voltage (Volts) 

The signal at baseband will be: 

v 
s 

where Vs 
Kd 

• k f 
d s 

k 
d 

f 
p 

1 

1.4 EQ 3 

peak to peak signal voltage 
demodulator constant 
(V 2 rrsecjrad) 

~fp =peak frequency deviation due to 
140 IRE total video 

Our objective is to calculate video signal 
to noise which in NCT 7 is defined as the 
ratio of peak to peak signal volts of 100 
IRE active video to RMS noise voltage (for 
noise above 10 KHz) [3]. The RMS noise 
voltage at baseband (out of the 
demodulator) is given by: 

v = k l::.'f 
d n EQ ,4 bbnO 

where = RMS deviation due to noise 
input to demodulator 

The phase deviation produced by a single 1 
Hz wide band of noise offset from the car
rier by fm is: 

NSSB 

RMS'NOISE'VOLT~E 

v 
c 

There are two such bands of noise, one 
above and one below the carrier frequency. 
The noise in these bands is uncorrelated, 
and therefore additive in power.The RMS 
phase deviation due to the combination of 
both is: 

b.0 
N 

Referring to EQ 2, 4 & 5, we have: 

v r~ ] 
SBNO l • 

• k f 
d • 

EQ 5 

EQ 6 

This is the RMS noise voltage at baseband 
frequency f at the output of the 
demodulator aue to the thermal noise 
accompanying the carrier at the input. 
The total noise voltage may be found by 
integration over the desired baseband fre
quency range. The voltages at various fre
quencies are uncorrelated requiring 
integration of power (voltage squared). 

v 
BBN 

v 

"' JB [v ]2 df 
aBNO 

0 

3 

;}; B t 
.. k --

BBN d ,J; c 

EQ 7 

EQ 8 

Using the previous definition of signal to 
noise and EQ 3 & 8: 

f r,;t s • 
N 3 EQ 9 

t ' t 
2 

B 
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This gives the signal to noise without 
prejdeemphasis or noise weighting. It 
includes all baseband frequencies. In an 
NTSC FM video link, preemphasis is used to 
condition the signal for the FM format. 
After demodulation, the signal is 
deemphasized to restore the original 
baseband signal. Preemphasis for NT~C 
video attenuates low frequencies by 10 dB 
and increases high frequencies by about 3 
dB. This reduces variation of average car
rier frequency due to DC variation in the 
video and improves signal to noise. The 
latter effect can be seen by referring to 
EQ 4 and noting that baseband noise volt
age due to thermal noise increases 
linearly with frequency, giving a tri
angular baseband noise spectrum. The 
deemphasis will have 10 dB of gain at low 
frequencies and 3 dB attenuation at high 
frequencies. Thus the noise is boosted at 
low frequencies where it is small and 
attenuated at high frequencies where it is 
large. The deemphasis function according 
to CCIR Recommendation 405-1 is: 

where 

2 
1 + s·.f 

Dl:f> "' 10 · 

D(f)= 

2 
1 + c·:t 

The deemphasis power 
response function 

-12 
B ., 1. 306 ·10 

-12 
c .. 28.~8"10 

EQ 10 

The important factor in video noise is how 
it is perceived by the viewer. Early 
studies showed that the perceptual effects 
of noise are very frequency dependent. 
Generally, the noise is perceived less as 
frequency increases. Weighting filters 
have been devised to have a response in 
frequency which matches the perceptual 
response of the human visual system. The 
weighting filter given in CCIR Report 637-
1, equation 4 "for system M (prior to the 
introduction of the unified network)" is : 

WI :f) EQ 11 
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where W 
function 

f1 
f2 
f3 

= The weighting power response 

0.270 MHZ 
= 1.37 MHZ 

0.390 MHZ 

This network is in general use for NTSC 
system measurements. Taking EQ 3, 6 & 7 
and including the power response of the 
above deemphasis and weighting functions 
for noise above 10 KHz gives: 

[.: ] 
2" •.f __ 1 ·[ 

p 1. 4 N 
t 

J4. 2"MHz 
H<:f>·:f 

10"KHz 

2 

where H(f) = D(f) W(f) 

EQ 12 

d:f 

Carrying out the integration gives a con
stant so that: 

K.t • J4.2"MHz 2 
H < .f > · .f d.f 

10"KHz 

9 
"1.144"10 

EQ 13 

The units of Rt are the square root of Hz 
cubed. In all equations frequencies are in 
~and power densities are in 1Hz band
~- Change of units can be confusing. 

Phase Noise 

Now, let us consider phase noise which 
might be introduced by a local oscillator 
or carrier generator in the system. Oscil
lator phase noise is caused by noise 
voltages in the oscillator tuning circuit 
which produce frequency variation. These 
effects are described in some detail in a 
companion paper [1]. We will consider the 
phase noise to have a power density spec
trum which is proportional to ljfm~2. Thus 
the noise density decreases at 6 dB per 
octave as offset frequency increases. This 
is true of free running oscillators. Where 
synthesizers are used, the noise within 
the control bandwidth is a function of 
their design. While we will not treat that 
case here, the information presented is 
readily applied. 

Unlike thermal noise, the phase noise 
sidebands are correlated since both arise 
from the same source. We add one new 
parameter to describe the signal at the 
demodulator input: 

Np = phase noise power density 



Which is exactly that described above. The 
analysis proceeds as for thermal noise 
save two points. First, the noise power 
density is not flat and second, the 
sidebands are correlated. In this paper I 
will account for the frequency dependence 
through use of a reference offset. That 
is, I will specify phase noise power 
density at a particular offset frequency. 
By this means, the carrier to phase noise 
density can be written as: 

c 

N 
p 

where 

EQ 14 

= phase noise power density 
at offset fr 

or using the notation of REF 2: 

e 

We can now write RMS phase deviation for 
one sideband as: 

NSSB 

Since the sidebands are correlated, the 
two add as voltage which gives: 

0 
n n 

• J; ~ F.:
f j~ 

m 

EQ 15 

Referring to EQ 2, 4 & 15, the baseband 
noise voltage is given by: 

v (f) 

BBNO 
k 

d 

EQ 16 

We see from this that the baseband spec
trum due to phase noise is flat. You will 
recall that the RF phase noise spectrum 
(predetection) rolled off at 6dBjoctave. 
Taking EQ 3, 7 & 16 and including 
deemphasis and weighting we can calculate 
signal to noise: 

[.: l 20"LQG· 

2" ·t 
p 

·-1 ·ff 
1. 4 N 

, pr 

r J
4.2"1'1Hz 

H!f) df 
10"KHz 

Carrying out the integration yields: 

K 
p J

4.2"1'1Hz 
H! f) df 

10"KHz 

3 
1. 545 "10 

We now have a complete picture of both the 
effects of thermal and phase noise in an 
FM video link. The effects are readily 
combined. Each mechanism is independent 
and the baseband noise arising from each 
is uncorrelated. The noise power from the 
individual effects may be added. The video 
signal to noise ratio is defined in terms 
of voltage. From these facts we can 
determine the overall video signal to 
noise in terms of the thermal and phase 
noise. Thus: 

~] 
1 

20"LQG· 

EQ 19 

Take as an example the case where: 

(C/Nt)dB 86 dB 
(C/Np)dB 66 dB 

fr 20 KHZ 
then 

(S/Nt)dB 48.6 dB 
(S/Np)dB 56.9 dB 

and 
(S/N) dB 48.0 dB 
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summary of Theoretical Results 

Fig 1 shows the predetection spectrum 
using 1 KHz bandwidth and the parameters 
of the above example. These are computed 
plots. Actual analyzer display of noise is 
1.7 dB less than the true value [4]. The 
figure shows the thermal and phase spectra 
separately and the overall spectrum. The 
rolloff of phase noise and flat thermal 
noise of the predetection spectrum are 
evident. 
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FIGURE 1 

Fig 2 shows the baseband spectrum for the 
same case without deemphasis or weighting. 
Here, we see the flat baseband spectrum 
due to phase nois7 and the rising sp7ct~m 
of the thermal no1se. The thermal no1se 1s 
dominant except for very low frequencies. 
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Fig 3 shows the same baseband spectra with 
the added effects of deemphasis and 
weighting. The relationship of the two 
types of noise in this plot is representa
tive of the perceived effects. The boost 
of 10 dB by deemphasis is evident in the 
low frequencies. Clearly, phase noise dom
inates the low frequency area. However, 
the phase noise in this example degrades 
the overall S/N very little (see above 
example) 
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FIGURE 3 

Fig 4 presents a family of curves for var
ious thermal and phase noise conditions. 
All phase noise is referenced at 20 KHz 
offset and all densities are per Hz. These 
allow ready determination of system signal 
to noise for most combinations of thermal 
and phase noise. With a spectrum analyzer 
it is not practical to display power 
density in 1 Hz bandwidth. Other band
widths may be used by subtracting 10 LOG 
(BW) from the thermal and phase noise 
scales, where BW is the desired bandwidth 
in Hz. For example, Fig 5 is referenced to 
1 KHz BW. 

711 

61 

66 

64 

62 

68 

-58 .. 
~56 

~54 
0 52 

~58 
> 

41 

46 

COli INE 

~ 

Ef1 ECT or I If 

r" YST fll( 1.7 

~ 
~ ~ 

~ ~ -~ ,...-

rtR ."' fl T T ~ "~ 
lt(J PEII lEI IRT pNl v ...-:::: r--

~ ~ -~-
~ ;:;-:: f.--

~ ~ 
~ - --~ f.-

~ r--r-
-~-

# , « 3 

u ~ 
4111 12 14 16 81 91 92 94 96 91 Ill Ill Ill Ill Ill Ill 

~ C/11 (dB,IHJall 

FIGURE 4 



78 

68 

66 

64 

62 

68 

-58 
"' :!!! 56 

~54 
0 52 

~58 
> 

48 

46 

44 

42 

COli INE 

~ 
e 

~ 

Er CT Of' l/f 

r" YST " ( 8.7 

~ 
~ ~ 

~ ~ -~ P:::: ~ 
~ 

Iff"' ~ rw T T IERI'I N~ 

ltlz P£11 liE' !AT Dill v f.-::: ,--
~ v-::: ~ 

~ ~ ~ 
~ ~ -~ V::: --~ ~ 1--I-

~ --
48

sa 52 54 56 58 68 62 64 66 68 78 72 74 76 78 88 

~ C/11 !dB, II!HzBN) 

FIGURE 5 

MEASUREMENT 

58~ 
48 ... 
461!1 

44 ~ 
42~ 

48i 

38~ 
36-

34~ 
32 Ill 
3ai 

~ 
0 .... 
f:i 

~ 

A series of tests were run with the objec
tive of determining the subjective effects 
of phase noise and whether weighted signal 
to noise adequately describes the effects. 
These tests were also compared to the 
above theoretical treatment. The test 
equipment diagram is shown in FIG 6. 

FIGUIU: 6 ' 

This system allowed addition of relatively 
ar~itrary amounts of thermal and phase 
no~se. The results of these tests are sum
~ariz7d in Table 1. Agreement with theory 
~s qu~te good. 

The tests for perceptibility were all run 
over a relatively short time span with a 
group of five expert observers. The tests 
were not intended to establish absolute 
perceptibility levels but to compare phase 
noise and thermal noise. Perceptibility 
was measured by switching between the· 
lowest possible noise conditions and the 
test condition. Both thermal and phase 

noise were perceptible at the same 
weighted·yideo signal to noise. 

THERMAL C/N (PHASE) S/N 
C/N @ 20 KHz OFFSET MEAS CALC DIFF 

110 77.9 79.4 67.3 12.1 
95 77.9 57.6 57.2 0.4 
90 77.9 52.7 52.5 0.2 
88 77.9 50.7 50.5 0.2 
86 77.9 48.6 48.5 0. 1 
84 77.9 45.9 46.5 -0.6 

110 69.8 59.5 60.4 -0.9 
110 65.0 55.5 55.8 -0.3 
110 61.3 51.7 52.2 -0.5 
110 51. 1 42.0 42.0 o.o 

90 69.8 51.9 51.9 -o.o 
90 65.0 50.9 50.9 o.o 
90 61.3 49.2 49.4 -0.2 
90 51. 1 41.7 41.6 0. 1 

TABLE 

With the noise level high enough to be 
clearly visible, the appearance of phase 
noise and thermal noise was different. 
This was also true when measuring noise 
using a waveform monitor. TheFreason for 
this is due to the difference in the 
baseband noise spectra as seen in Fig's 4 
& 5. The combination of the flat phase 
noise spectrum and the deemphasis causes 
the low frequency phase noise to dominate. 
Thus the appearance of the noise in the 
picture is more "streaky" with phase 
noise. On the waveform monitor, the low 
frequency components cause the noisy line 
to "wobble" as well as the usual "fuzzy" 
~ook of thermal noise. 

CONCLUSION 

If accurate measurements of the phase 
noise of various components in an FM link 
are made and the thermal carrier to noise 
is known, a very good calculation of the 
video signal to noise can be made. 

While the appearance of phase noise in the 
picture is generally different from 
thermal noise, the level of perceptibility 
occurs at the same Weighted Signal to 
Noise Ratio. The Weighted Signal to Noise 
is then a good measure of the effect of 
phase noise in general. When referring to 
the literature, conclusions drawn about 
the observable levels of noise will apply 
to phase noise as well as thermal noise. 

In considering new formats, we must 
evaluate their differences from NTSC. In 
particular, where chroma is carried in a 
different manner and where added sub
carriers are used, the effects may well be 
unlike that observed for NTSC. The 
deemphasis will also vary with format. 
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THE GILLCABLE PRECISION NON-INTERFERING SWEEP SYSTEM 

David Large 

Gill Industries 
San Jose, CA 

ABSTRACT 

At the 1985 NCTA Convention, Gill 
Cable described an ongoing project whose 
objective was the development of a 
dramatically improved system response test 
instrument. The report outlined the 
limitations of current high level and low 
le ve 1 sweepers and proposed a new "smart" 
system which could overc£me the limitations 
of the previous methods. 

Gill was motivated in this development 
by the lack of satisfactory options 
available to it in doing its own testing. 
An increasing number of complaints related 
to the use of high-level sweep made it 
imperative that less intrusive testing be 
done. A lack of accuracy available with 
other products on the market dictated a new 
approach to response measurement. 

In the intervening three years, 
continued work at Gill has resulted in the 
development of a successful prototype 
sweeper with high resolution, fast refresh 
time and total absence of interference. In 
field trials it achieved noise-free 
displays at the maximum cascade of the Gill 
system (40 amplifiers), electronic error 
correction, and 0.05 dB of screen 
resolution. The transmitter generated no 
complaints of interference in over a month 
of continuous operation. A patent has been 
issued in recognition of the uniqueness of 
the Gill approach. 

Although there have been recent 
product announcements by several vendors in 
this field, it is felt that there are still 
serious limitations to all of the newly 
available approaches. Their dependence on 
the stability of video carriers at the 
headend severely limits their usefulness as 
precision alignment tools in Gill's view. 

BACKGROUND 

In order to deliver the highest 
possible quality television signals to 
consumers, operators must operate cable 
systems at carefully controlled levels: if 
carriers are too low pictures will be 
noisy; if they are too high, various 

distortion products will become visible. 
Operating at the ideal amplitudes requires 
careful level setting at the headend and 
maintaining the distribution system such 
that the frequency response is flat and so 
that the gain of each amplifier is just 
sufficient to overcome the loss preceding 
it. Sweep systems are the primary tools 
for distribution system monitoring and 
alignment. 

Various methods have been developed 
over the years to allow system sweeping 
without requiring the removal of 
television carriers or unduly interfering 
with reception. Each involves compromises 
as outlined below. 

High Level Sweep 

The most common technique in use 
today is high level sweeping, patented in 
1972. In this method a test carrier is 
inserted into the distribution system at a 
level approximately 20 dB above that of 
the television visual carriers (equivalent 
to adding 100 additional television 
carriers to the system loading!) The test 
carrier is rapidly swept from the lowest 
to highest frequencies of interest. The 
test receiver can sample this signal at 
any physical point in the plant. 

Since the test signal is highly 
interfering, a low repetition rate (2-8 
seconds) is employed along with a very 
fast sweep (1-5 milliseconds). 
Additionally, conscientious operators use 
communications radio systems to "trigger" 
the sweep on only when necessary and, 
further, disable it during prime viewing 
hours. 

Recent changes in the industry have 
combined to make the high level sweep even 
less acceptable: 

o High VCR penetration, since VCR servo 
systems can be affected by the sweep 
signal more than TV sets. 

o Implementation of addressable systems 
whose data and channel tagging systems 
can be affected by the sweep signal. 
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o An increasing emphasis on PPV whose 
"one-shot" nature has raised quality 
expectations among consumers. 

Aside from the problems with a 
properly operated high level system, it is 
subject to inadvertent abuse from 
inadequately trained technicians. If the 
test carrier is set too high, the 
amplifiers will begin to compress, making 
the system appear to have a flat frequency 
response and causing a higher degree of 
interference because of intermodulation 
products. 

Low Level Sweep 

In 1976 Avantek introduced a sweep 
system which allowed the test signal to be 
30 dB below video carrier levels by use of 
a narrow-bandwidth tracking spectrum 
analyzer technique. While not truly non
interfering, it was a significant 
improvement in that respect compared with 
high level sweep. In addition to 
interference reduction, it offered simple 
spectrum analyzer functions. 

On the negative side, it did not have 
the amplitude resolution of high level 
sweep and all response information was lost 
in the vicinity of each system carrier. 
The latter was not a problem in the lightly 
loaded systems of fifteen years ago, but 
has become one in recent years. 

This product was withdrawn from the 
market in 1987 and is currently not 
available. 

•No-Sweep• Sweep 

A recent innovation requires no test 
carrier for response testing. In this 
technique, a spectrum analyzer is modified 
to measure and memorize the levels of all 
carriers in the system at the headend. 
This measurement is repeated at each test 
point and a smooth curve displayed showing 
the difference in decibels between the 
headend levels and the test point levels. 

The limitations of this method are: 

o Its accuracy depends on the amplitude 
stability of headend levels. 

o Data is available only for those 
portions of the band in which signals 
are present. 

o Only one or two data points are 
available for each channel, limiting 
frequency resolution. 

The dependence on headend level 
stability is probably the most serious. 
Either high or low level sweep systems can 
achieve an amplitude resolution of a 
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fraction of a dB, while individual headend 
signal levels can vary over much greater 
ranges because of: 

o switching between standby carriers and 
live programming 

o channel sharing between two services 

o routine headend adjustments 

o imperfect AGC circuits in processors 

o aging and intermittent components 

It is for precisely these reasons 
that sweep systems were developed in the 
first place: to allow system response 
testing to take place independent of 
system carriers. 

Hybrid Systems 

A recent entry into the sweeper 
market uses a hybrid technique to overcome 
some of the limitations of high level and 
"no-sweep" sweep methods. Its readout is 
based on carrier levels in the occupied 
portions of the band while a method akin 
to low level (but at much higher test 
signal levels) is used in the unoccupied 
portions of the band. It thereby achieves 
a complete response curve over the entire 
distribution system bandwidth. 

Unfortunately, 
dependence on carrier 
sweep" technique in 
frequencies. 

it has the same 
levels as the "no
the most critical 

THE GILL PRECISION NON-INTERFERING SWEEPER 

Gill's technique differs 
substantially from existing technology in 
that it avoids interference by taking 
advantage of the unique characteristics of 
television signals. In this system, the 
test signal is generated by a frequency 
synthesizer and is inserted into the 
headend output at approximately the same 
level as video carriers. Interference is 
avoided by inserting the test carrier in 
each channel only during the first few 
lines of the vertical retrace interval 
when television sets are blanked. 

As ide from the lack of subscriber 
interference, this portion of the vertical 
interval is uniquely suited to response 
testing for two other reasons (see Figure 
1). First, it is the only time during the 
entire field that there is no chroma or 
burst, thereby clearing out that portion 
of the spectrum lying between luminance 
and aural carriers. Second, luminance 
modulation is limited to 25% downward 
modulation by equalizing/serration pulses. 



FIGURE 1. VIDEO WAVEFORM DIAGRAM 

This level of luminance modulation is 
equivalent to 14.3% symmetrical amplitude 
modulation. If the modulation waveform 
were sinusoidal, this would result in a 
single sideband down 23 dB from the video 
carrier. Since the modulation is in the 
form of narrow pulses (8% duty cycle) 
however, the sideband energy is distributed 
among a series of sidebands spaced 31.5 ~Hz 
apart and extending to at least 1.38 MHz . 

Given a test receiver bandwidth of 
approximately 270 kHz, only about 20% of 
the sidebands would be received 
simultaneously, so that the received 
sideband energy would be reduced another 7 
dB below the carrier level or a total of 30 
dB. This corresponds to a detected power 
level of 0.1% relative to the video-level 
test signal and produces a 0.004 dB reading 
uncertainty, well below the 0.04 dB 
resolution of the instrument. Thus very 
accurate response measurements can be made 
almost anywhere between luminance and aural 
carriers. 

In summary, advantages of the G i 11 
system are: 

o Because the test signal level is 
comparable to normal video carrier 
levels, it avoids overloading of 
amplifiers which can easily occur with 
th~ high level system. 

o The relatively high test carrier level 
compared with the low-level system 
assures highly accurate response even at 
very high cascade numbers. 

o Carefully choosing test frequencies 
allows resolutions of approximately 2 
MHz while avoiding loss of data near 
video and aural carriers. This 
resolution is sufficient to resolve 
"fine-grain" VSWR problems that can 
confound a lesser resolution system. 

o Taking full advantage of the on-board 
microprocessor allows for full error 

0 

correction eliminating 
"grease pencil lines 
correction of data. 

the need for 
and visual 

Since the system is totally non
interfering, the sweep rate can be much 
higher than high level systems. This 
translates directly into increased 
efficiency for sweep crews. 

o The receiver can be made in such a way 
that it also allows very accurate read
o u t o f s y s t em c a r r i e r' 1 eve 1 s , 
eliminating the necessity for the sweep 
personnel to carry level meters to each 
amplifier location. 

DESCRIPTION OF OPERATION 

Figure 2 is a block diagram of the 
transmitter. Operation in each television 
channel is as follows. The receiver/sync 
separator first tunes to the channel and 
derives vertical synchronization timing 
(including scrambled channels). The 
transmit signal generator is tuned to the 
first test frequency within the channel 
and, via the telemetry signal, the 
receiver is tuned to the same frequency. 
During the first few lines of the vertical 
interval, the transmitter is gated on for 
approximately ten microseconds. The 
transmitter and receiver are then 
incremented to the next frequency and a 
test signal briefly inserted into the 
following vertical interval, and so on 
until that channel is completed. Then the 
receiver tunes to the next channel and the 
entire sequence is repeated. 

The keypad on the transmitter allows 
initial setup for any given cable system: 
start and end frequencies, frequency plan 
and any critical frequencies to be 
avoided. 

Telemetry may be transmitted on any 
convenient frequency as, unlike the low
level system, there is no critical 
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relationship between telemetry and test 
signals. 

Figure 3 is a block diagram of the 
receiver. The telemetry receiver serves to 
keep the transmitter and receiver in 
synchronization and avoids having to 
specially program the receiver. The test 
signal receiver is synthesizer-controlled 
and uses a double conversion scheme to 
totally eliminate in-band images. This 
scheme allows a maximum frequency of 600 
MHz (potentially up to 700 MHz). The 
detector uses active linearization to avoid 
temperature and linearity problems inherent 
with diode detectors. 
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A sample-and-hold circuit following 
the detector captures the brief test 
signal and a highly accurate log amplifier 
converts it to dB. Correction for the 
residual flatness of the transmitter and 
receiver is derived by making a back-to
hack measurement at the headend. These 
errors are memorized in the receiver and 
subtracted out at each measured frequency 
before the data is stored. 

The stored data is continuously 
displayed on the screen. The first 
prototypes have been built using flat 
panel electro-luminescent (EL) display 
screens for high readability under varying 



light conditions. This also eliminates the 
cost, size and weight associated with CRT 
systems. Given the rapid developments in 
back-lit super-twist LCD displays for 
computers, future products might well use 
this technology, allowing dramatic 
reductions in battery size and weight. 

The microprocessor in the 
also allows for several other 
which enhance readability: 

receiver 
features 

o A vertical graticule directly calibrated 
in dB referenced to the headend is 
displayed. 

o The horizontal trace is adjusted to full 
screen, regardless of the range swept, 
for highest resolution. In the future, 
a calibrated horizontal frequency 
graticule will also be displayed. 

o A digital read-out of the peak-to-valley 
response in dB is also displayed. 

o The instrument can memorize several 
traces so that a tech can compare the 
output of a given amplifier with the 
output of previous amplifiers. 

o A smooth curve is presented using a 
quadratic approximation derived from the 
sampled data available. 

Additionally, a calibrated attenuator 
will allow offsetting of the trace to allow 
direct observation of amplifier input 
levels and bridger or line extender output 
levels. 

STATE OF DEVELOPMENT 

The first prototype was field tested 
in the Gill system in September, 1987 and 
the patent issued in October. The 
prototype fully exhibited the expected 
resolution and lack of interference. The 
transmitter successfully synchronized to 
both clear and scrambled channels. 
Scrambling systems tested included both 
baseband sync-suppression/video inversion 
scrambling and RF sinewave sync-suppression 
scrambling. 

Figure 4 shows the front panel and a 
typical trace display on the first version 
(which lacks horizontal graticule and 
frequency scale). Figure 5 shows the 
receiver packaging with the display on 
bottom, the microcomputer and control 
circuitry below that, the RF deck next, and 
the batteries and power supply on the top. 

Figure 6 is a photograph of a waveform 
displayed on an oscilloscope showing the 
placement of the sweep signal in the 
vertical interval. The waveform was taken 
from the video output jack of a Sony 
television receiver connected to the cable 

system with the sweep transmitter 
operating. As can be seen, the sweep 
signal is not only at a non-intrusive 
level, but uses a portion of the vertical 
interval not used for any other test or 
data services, including addressing or 
channel tagging for addressable devices. 

. 
I I _ I I I ,I 

FIGURE 4. RECEIVER FRONT PANEL 

FIGURE 5. RECEIVER PACKAGING 

FIGURE 6. TEST SIGNAL PLACEMENT 
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Even with its relatively crude 
packaging, the receiver is smaller than any 
of the products currently on the market. 
Work is under way to take more than two 
additional inches off its depth. 
Additional tooling by a volume manufacturer 
should allow further substantial weight and 
size requirements so that, in addition to 
its performance advantages, this could be 
the most convenient sweeper for field 
personnel to use. 

Remaining to be completed are 
packaging of the transmitter and some 
software features in both transmitter and 
receiver. Transmitter circuits which were 
temporarily synthesized using commercial 
products still have to be replaced with 
proprietary designs, but this is a very 
straightforward process. With current 
schedules and personnel, it is expected 
that a full prototype will be complete in 
July. 

Negotiations are currently under way 
with several possible manufacturers 
regarding licensing of the technology for 
possible inclusion in commercial products. 

CONCLUSION 
The sweep system developed by G i 11 

represents the next logical step in cable 
system frequency response testing. It 
overcomes the limitations of all the 
previous technologies and achieves the 
level of accuracy and non-interference that 
are needed to optimize cable system 
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performance while not alienating 
customers. It is Gill's hope that 
commercial products using this technology 
will shortly be available to other 
operators. 
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The Message 

The trend to the digitization of 
electronics is pervasive. Cable 
technology, which has traditionally had 
an analog and an RF emphasis, may soon 
come under pressure from this. HDTV will 
magnify the problem. T~e ca~le 
technologist should prepare by ~ncreas~ng 
digital skills. This will at least 
position him to judge the competition and 
perhaps, increase cable's 
competitiveness. 

Introduction 

There are solid technical reasons for the 
trend to digitization. In most 
applications, cost is reduced a~d 
quality of the product's performance ~s 
increased. Digital components are 
experiencing the most rapid cost 
decreases of anything electronic. The 
cost reductions are caused by a "learning 
curve" driven by the massive computer 
industry. Huge R&D expenditures and 
fierce competitiveness between large 
international corporations are behind 
this important trend. Communications 
technology is also capitalizing on the 
digital revolution. This adds to the 
driving forces which are . propelli~g 
digital technology. The ~ncrease ~n 
quality comes from the almost limitless 
ability to regenerate a signal which has 
suffered modest distortion and noise 
pollution. A whole science ~as been 
created over methods of coding s~gnals so 
that errors may be completely removed. 
signal quality becomes distance and time 
independent. 

Technology by itself is sterile. 
Marketing makes "digital" come alive in 
the consumers' mind. Digital is an 
almost magical word which the consumer 
has grown to equate with "modern" a~d 
"high quality". crr:he onlr way to ga~n 
marketing impact w~th th~ngs that are 
analog is to use the spelling: 
"analogue" 1) "Quartz digital", "Digital 
tuning", "Digital audio tape", "Compact 
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digital disk'', "Digital Television" are 
just some of the phrases which predispose 
the consumer to be favorably impressed 
when he first hears "digitally delivered 
video". "Digital" may become a marketing 
imperative. 

In four short years, the Compact Disk, 
co, has revolutionized the prerecorded 
audio business. The analog vinyl record 
is history. Digital audio is the 
standard. Broadcasters are seriously 
considering digital audio transmission 
schemes. The audio tape industry is 
bracing itself for the digital revolution 
brought by the Digital Audio Tape, OAT. 

Yet cable's experience, training, and 
even culture is analog. The most 
important danger in this is that most 
cable technologists are ill prepared to 
evaluate the impact of the trend to 
digitization of electronics. It may be 
that there is little to be worried about. 
But that is unlikely. More than likely, 
there are important action steps to be 
undertaken to prepare for the digital 
future. 

Competitors' Tools 

Perhaps cable's two most important 
competitors are prerecorded video and 
telco. Both are moving down the digital 
trail. HDTV plays an important role in 
both of their plans. 

Recording technology is the area of 
consumer electronics which has made the 
most dramatic progress over the last 
decade. It is also the area with the 
most potential for more progress. As 
recording densities increase, more and 
more signals of greater and greater 
quality will find their way to consumer 
tape machines. It is very likely that 
the next major trend in this arena is to 
digitization. Sony has demonstrated a 
two hour recording of video on Bmm tape. 
Special tape formulations and special 
techniques were used, but the size and 
form factor was that of the familiar Bmm 
tape format. The advantages are greater 
video quality and an almost immunity to 
tape wear. Digital recording will do for 



video what it has done for aud~or it will 
significantly decrease the consumers 1 

tolerance for imperfections. consumer 
expectations will dramatically increase. 
This will be especially true when HDTV 
prerecorded video is digitized. The 
consumer will be challenged to expect 
better quality. 

The telco trend to digitization of 
telephony is nearing its end. It is an 
accomplished fact for most of the 
network. Its remaining step is into the 
home. The Integrated Services Digital 
Network, ISDN, will finish the job. ISDN 
can be implemented over nearly all of the 
existing copper twisted pair plant. In 
this form, ISDN's only threat to cable is 
for those businesses we tried and 
abandoned. Included here are residential 
security, meter reading, videotex, 
software downloading, etc. If the reason 
cable did not find success in these areas 
is because the consumer fundamentally 
does not want these services, telco will 
harvest the same bitter disappointment. 
But if the consumer was not ready when 
cable tried or if cable's technology or 
implementation was lacking, telco will 
reap new rewards. The good news is that 
if cable is alert and responds quickly, 
it can rejoin the competition. 

The real concern over tel co's trend to 
digitization is over B-ISON, the 
broadband version of ISDN. B-ISON is 
video capable. It has the bandwidth to 
handle video and even HDTV. B-ISON 
cannot be delivered over the twisted 
copper pair plant. It requires fiber 
optic cable. This will significantly 
delay implementation in areas already 
served by relatively modern telco plant. 
However, in just a few years, all new 
construction to the home will be fiber. 

One needs only to look over the roster of 
the various FCC HDTV advisory 
subcommittees to be impressed with the 
tel co interest in HDTV. Reading the 
papers published in telco journals and 
trades and in the IEEE publications 
clearly reveals the telco interest in 
digital delivery of HDTV. 

The Rapidly crumblina Brick Wall 

The brick wall separating the analog 
world from the digital world is made up 
of two components: cost and spectrum 
demands. Both impediments are rapidly 
crumbling. 

The general technology is advancing in 
ways that reduce cost and increase 
reliability. cost is being reduced 
because of the progress made in 
computers. specific components such as 

memory are enjoying dramatic cost 
reductions. This leads to broader 
application in communications and 
consumer electronics equipment. This in 
turn furthers the cost reduction. The 
cycle is endless. Digital television 
receivers and VCR's are transforming 
digital techniques into consumer 
electronics product design tools. It 
would be prudent for cable to find ways 
to tap into this process and capitalize 
on the massive development investments 
made by others. 

The bandwith impediment is being attacked 
on two fronts. Advances in signal 
processing have reduced bandwidth 
requirements while the move to fiber 
optics has increased the bandwidth 
available for digital transmission. 
These impediments have been reduced for 
both tel co and cable. Telco is taking 
advantage of the opportunity. Cable must 
at least understand the significance of 
the telco initiatives. If possible, 
cable must find ways to apply these 
techniques to its advantage too. 

Paperback Movies 

There is a digital development which in 
many ways runs counter to most other 
trends and in some ways may be the most 
dangerous of all. The Paperback Movie 
project at MIT has as its objective the 
creation of a movie distribution business 
that closely parallels the paperback book 
business. The intention is to develop a 
medium which has costs similar to those 
of a paper back book. The economics and 
distribution methods for Paperback Movies 
would be very similar to those of 
paperback books. Just as the price of a 
paperback book is too low for anyone to 
be motivated to copy it, so the price of 
Paperback Movies will be to low to tempt 
copying. In fact the price would be so 
low that even loaning the Paperback 
Movie would be more trouble than its 
worth. Most readers buy their own 
paperback books. Relatively little 
loaning takes place. 

The vision behind the Paperback Movie is 
of a digital bandwidth reduction 
technology which would allow a two hour 
movie to be placed on a five inch compact 
disk. This is an ambitious challenge, 
but not an unreasonable one. 

A factor which mitigates the difficulty 
of compacting two hours of video onto a 
five inch disk is a willingness to take a 
reduction in video quality as a trade off 
in gaining the compression. The 
willingness to reduce the quality 
requirement stems from the fact that the 
Paperback Movies concept is complementary 
with another important trend in consumer 
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electronics, personal video. Small, 
portable, battery operated VCR's are 
already available with three to five inch 
diagonal measure liquid crystal color 
displays and TV tuners. The VCR's come 
in both the VHS and the Smm formats. The 
amm devices are very small indeed. 
Portable CD players are also available. 
When the color liquid crystal display is 
added to the CD player, the ultimate 
Paperback Movie playback device is 
achieved. Personal, portable viewing of 
movies anywhere, anytime becomes 
possible. There is reason to be 
concerned that the way consumers enjoy 
movies may be changed by this technology. 

Digital Downloading 

Another digital technique which has 
received attention over the last few 
years is "digital downloading. 11 There 
are two approaches to digital 
downloading. In one approach, the goal 
is to compress the video so its bandwidth 
is minimized, then it is sped up for 
transmission. The hope is to download a 
two hour movie in five minutes. The 
second approach hopes to reduce the video 
bandwith adequately so it can be 
downloaded over ordinary twisted pair 
phone lines during the night in more than 
two hours if necessary. 

While these concepts are technically 
possible, several daunting problems 
remain. The most important impediment is 
the question: "download into what?". At 
first thought, the ideal would be to 
download into the consumer's existing 
VCR. In the case of the five-minute
download, if we are to deliver a two hour 
movie, the speed-up ratio is twenty four 
times. The VCR head must rotate twenty 
four times faster and the tape must fly 
by the heads twenty four times as fast. 
Also, if the recording is analog, the 
bandwith is increased by twenty four 
times to nearly 100 MHz. No consumer VCR 
exists which can do that. It is unlikely 
to be practical to accomplish this in any 
reasonable time frame. In the case of 
the phone line down load, the consumer's 
VCR must be capable of recording one 
picture at a time while the next is 
downloaded over an expanded time period. 
Consumer VCR's simply don't do that now. 
A special VCR would be required. This 
second type of VCR is much more practical 
to consider building. But the usual 
chicken and egg problem remains. The 
build up of penetration of the special 
VCR will take years. can a business be 
build on such assumptions? Likely not. 

The usual assumption is that the 
consumer's home computer will provide the 
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computational power to process the 
compressed signals into the form required 
for recording. There are several things 
wrong with this assumption. First the 
number of home personal computers is a 
tiny fraction of the number of TV 
households. Further they are mostly of 
the wrong kind, more suited to games and 
very limited in computing power, speed 
and memory. Secondly, a dedicated 
consumer electronics product would be 
more efficient and cost effective. It 
too does not exist. 

In both downloading scenarios, the 
temptation will be to take a reduction of 
quality in order to make the time 
constraints more manageable. HDTV is 
counter to these approaches because it 
greatly increases the amount of 
information that must be downloaded and 
challenges the consumer to expect high 
quality. In the case of the phone line 
download, planning for an overnight 
downloading is simply not in keeping with 
the American desire for instant 
g:atification. It is not impulse pay per 
v~ew. 

conclusion 

The trend to the digitization of 
electronics is pervasive. The cable 
technologist should prepare for this 
trend by increasing his digital skills. 
This will at least position him to better 
judge cable's competition. Perhaps these 
new digital skills will also serve to 
increase cable 1 s competitiveness. HDTV 
makes this all the more important. 
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Abstract 

In 1941, NTSC recommended standards to FCC that specified 

vestigial sideband amplitude modulation in order to squeeze a 

4MHzvideosignalintoa6MHzchannel. In1954,NTSC 

recommended color TV standards that specified pre-correction 

at the transmitter for the group delay characteristics of what 

they believed to be an "average receiver': These two NTSC 

RF standards create enough mischief in modem TV reception 

largely to mask the improvement in baseband NTSC 

perfonnance being pursued so diligently by ATSC and the 

FCC advisory committee on Advanced TV. FM transmission 

on cable, withY /C delivery to the subscriber TV set would 

by-pass the VSB problem. Low-cost ($25) VLSI chips in the 

fonn of FM modulators and demodulators will be needed to 

achieve this economically. Correction of envelope delay 

distortions due to the IF sound trap should be made the sole 

responsibility of receiver designers, by eliminating the NTS C 

pre-correction standard for transmitters, cable TV processors 

and modulators, and establishing tight tolerances. 

Historical 

As early as 1936, five years before the first NTSC developed 

its monochrome television standards, the 6 MHz channel 

width had already been set in concrete by the Radio 

Manufacturers Association (RMA) television standards 

committees.1 At that time, 100 MHz was at the frontier of 

the electromagnetic spectrum considered useful for public 

purposes. You may laugh, but references even to 75 

megacycles as "ultra-high frequency" were commonplace. 

Frequencies (wavelengths) were measured with Lecher wires 

(ask some old-timers about those); Barkhausen transit-time 

tubes and magnetrons were used for power oscillators. The 

RMA recommendation that seven 6 MHz channels be 

established between 42 and 90 MHz was considered at the 

time to be both farsighted, and a little greedy. In hindsight, 

it is unfortunate they did not opt for 8 MHz channels, like 

the British did some 25-30 years later. Maybe this is the 

price of technological leadership. 

In the 1936-37 RMA deliberations, there was general 

agreement on 441-line, 2.5 MHz video bandwidth, using double 

sideband amplitude modulation (Figure 1). :S,.1938, however, 
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w w 
a: a: 
a: a: 
i3 <( 

() 

w 0 
a: z 
::> ::> 
I- 0 () (/) 
ii: 

j.-- 2.5 MHz 2.5 MHz ----1 
3.0 MHZ 

6.0 MHZ 

Figure 1 

the RMA committees recommended the recently developed 

vestigial sideband technology in order to increase the video 

bandwidth to 4 MHz without expanding the 6 MHz channel 

width. It was only at the last meeting of the first NTSC, in 

March 1941, actually two months after its recommendation 

had been submitted to FCC, and after stormy debate, that 
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the number of scan lines was changed from 441 to 525, 

where it stands today. 

In January, 1950, after the wartime freeze, the NTSCwas 

reconvened to develop compatible color TV standards. By 

this time, it was politically impossible to expand the 6 MHz 

channel bandwidth. Therefore, the vestigial sideband, 525 

line structure became literally immutable, and this standard 

was carried forward for NTSC color. 

The Vestigial Sideband 

What is the vestigial sideband? Simply stated, it is what is 

left after filtering out most of the lower sidebands 

generated in normal double sideband (DSB) amplitude modula

tion (see Figure 2). 

TV CHANNEL 
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·4 ·3 ·2 "2.f - 0 
MHz 1 2 3 4 

0.75 ...... 
1'---- 3.58 MHz 
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3.58MHz-

4.5 MHz 4.5 MHz 
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Figure 2 

It is often useful to represent amplitude modulation as the 

sum of three vectors (see Figure 3). The large vector 

represents the visual carrier, and rotates at the rate of 54 to 

550 million revolutions per second, the carrier frequency. 

The two shorter vectors represent the sidebands, rotating in 

opposite directions at a much slower rate, less than about 4 

million revolutions per second, the video baseband frequency. 

When both sidebands exist, with equal amplitudes and 

opposite phase, the resultant always coincides with the 

carrier vector. But when one of the sidebands is missing 

(shown as a dashed line in Figure 3) the resultant swings 
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back and forth, depending on the relative position of the 

carrier and modulation vectors, causing quadrature distortion. 

The smaller the modulating amplitude, however, the smaller is 

the resultant swing back and forth. 

The RMA committee realized, correctly, that the sidebands at 

more than about 0.75 MHz from the visual carrier would 

normally be so small that most of the lower sidebands could 

safely be eliminated. It was a good tradeoff at that time. 

With VSB, the RMA committees were able to squeeze 4 MHz 

video bandwidth into the 6 MHz straitjacket. 

The Nyquist Slope 

Both sidebands do exist in VSB television, up to about 0.75 

or 1.0 MHz. In this region, therefore, the resultant signal 

voltage is twice as great as it would be with only one 

sideband. An ideal detector would yield the response shown 

in Figure 4. To overcome this discrepancy, and to provide 

smooth transition from DSB to SSB, the receiver IF filter 

should have the shape shown in Figure 5. The so-called 

"Nyquist slope" at ± 0.75 MHz around the picture carrier, 

enables the combined amplitude of the upper and lower 

sidebands in the vestigial region to be the same as a single 
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upper sideband in the single sideband region.2 Ideally, the 

components of each sideband pair in the Nyquist region 

should have equal and opposite phase, like the DSB pair in 

Figure 3. 

That is where the trouble arises. It is not easy to build a 

simple filter without phase shifts near the cut off 

frequency. Moreover, IF shaping filters designed to produce 

the Nyquist slope are likely to produce phase shifts above 

and below the picture carrier. The sharp corners at ± 0.75 

MHz in Figure 5 do not exist. The real world looks more 

like the dashed lines. 

1------ 6 MHz CHANNEL ------.-1 

figure 5 
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() 

Group Delay 

Now look at Figure 6 which shows what can happen because 

of phase errors in the residual lower sidebands at more than 

0.75 MHz below the picture carrier. This represents the 

This diagram is greatly 
exaggerated for emphasis 

Figure 6 
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situation where the lower (vestigial) sideband is delayed 

substantially. At the instant when the upper sideband is in 

phase with the carrier, the lower sideband (dashed) has not 

yet arrived. A little later, the two sidebands will come in 

phase, as indicated by the solid arrows. However, the 

resultant envelope reaches its maximum substantially later 

than it should. 

The lower sidebands, between roughly 0.5 and 1.0 MHz 

below the visual carrier, are susceptible to phase errors at 

both the VSB filter in the transmitter (or modulator) and at 

the IF shaping filter in the receiver (or demodulator). Upper 

sidebands between 0.5 and 1.0 MHz above the visual carrier 

also are generally susceptible to phase errors, but only at the 

receiver (or demodulator). 

Figure 7 is a computer plot of the Fourier series for a 100 

kHz square wave, with linear (i.e. correct) phase and 4.1 
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Figure 7 

MHz bandwidth The square wave, used for the calculation 

has zero risetime, with considerable energy remaining 

beyond the 4.1 MHz cutof£.3 Had the sides of the square 

wave been 2T sine-squared, there would have been no ripple 

or ringing (this is why some character generators with 

steep risetimes, produce considerable ringing). 

The time delay (related to the phase) of the Fourier terms 

below 1 MHz was then altered, as shown at the top of 

Figure 8, and the Fourier series recalculated. The result of 

the non-linear delay is a pre-shoot at the leading edge, and 

an overshoot at the trailing edge. Real world non-linear 

delays are more complex than was assumed for the computer 

plots. Nevertheless, Figure 8 shows how deviations in 

sideband delay cause the signal to come out of the second 

detector as a delayed low-level replica of the desired 

luminance pattern (picture).4•5•6 That is a euphemism for a 

"ghost", and because the delay is relatively short, the effect 

is seen as a "close ghost" (not really "ringing", which is a 

different phenomenon). 

It is possible for phase errors to produce "negative delay"; 

that is to produce a leading effect rather than trailing. This 

is sometimes seen as a leading undershoot outlining the left 

edge of a dark image in white, or a light image in black. 
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What Can Be Done About It? 

The cures for this problem seem to require too much 

spectrum, are considered too expensive, are not operationally 

feasible, or simply have not been considered to be important. 

Full double sideband would clear it up; but we cannot afford 

the extra bandwidth, at least not for over-the-air 

broadcasting. Receivers can be designed with negligible 

phase error; the Tektronix Model1450 Demodulator is such 

a receiver but it costs $15,000. Many years ago, we 

considered time domain equalizers; but because the errors are 

likely to be different for different combinations of 

transmitter, modulator and receivers, such a cure is 

impractical, although it could be effective in individual cases. 

Figure 9 shows how widely the group delay varies from 

receiver to receiver in the VSB region below picture carrier.3 

The situation appears to be improving. Television 

transmitters are available with low-level intermediate 

frequency exciters. SAW technology provides much improved 

phase control in the vestigial sideband region compared with 

the older type filters operating at high-power. To the extent 

that SAW technology is also utilized in recent receiver 

design, another major source of phase error may be brought 

under control. 
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Lack of Awareness 

The "close ghost" is still with us, directly off-the-air as 

well as on cable, although perhaps not quite as often as in 

the past. I am dismayed by the almost total lack of concern 

by television broadcast engineers, receiver engineers, and 

cable TV engineers for this type of picture defect. In 1969, 

I participated, along with others from Ncr A, in the investi

gation of transmission (and reception) by a subcommittee of 

well known broadcast television engineers, sponsored by the 

JCIC (Joint Committee for Intersociety Coordination). We 

had a fairly elaborate receiving facility with waveform 

monitor and Polaroid camera set up in a motel room near 

Ottawa, Illinois. Full field test signals were transmitted 

after 1 a.m. from the Chicago network stations on channels 

2, 5, and 7. 

6 

It was illuminating, and yet alarming, to realize that these 

experienced television broadcast engineers insisted on using a 

T-pulse instead of a 2T pulse for testing band-limited 

transmissions. It was discouraging to spend the time and 

effort (between 1 and 6 a.m.) only to read in the Final 

Report that the VSB problems we had hoped to quantify had 

been swept under a rug with "other multi-path effects". 

But broadcasters are not the only technicians with tunnel 

vision on this point. I find that many cable TV personnel, 

both technical and otherwise, are not even aware of the 

"halo" effect until I point it out. Fortunately, it seems that 

the public is also unaware of this defect, and not bothered 
by it. 

Advanced 1V and the VSB 

How likely is the public to become excited about 500 or 1000 

line resolution when they are not even disturbed by the 

"close ghost"? How can we pump a Super VHS type picture 

through TV sets that put halos on the pictures? Remember 

that Super video cassettes can be played toY and C monitor 

inputs without encountering the VSB problem. But in cable 

TV, we cannot get away from the IF shaping in the TV 

receiver, ahead of the second detector. We cannot correct 

the group delay ghost created in the subscriber's TV sets. 

However, we can and should make sure that our modulators 

and processors, provide as nearly flat group delay 

characteristics in the VSB region as is technologically and 

economically feasible. We need to make sure that any filters 

or traps or other frequency sensitive equipment do not 

distort the group delay in the sensitive vestigial sideband 

region. 

But, how can we tell our customers that theif TV sets are to 

blame for the edge effect, or halo, on our cable delivered 

pictures when they can see Super VHS (withY /C input) on 

the same TV sets without such defects? 

A Suggestion 

We would be far better off if we were to transmit programs 

on coaxial cable (or optical fiber) with frequency modulation. 

We have the bandwidth to do it. The demodulated composite 

video signal could then be separated into Y and C 

components, just like Super VHS. Then the improved NTSC 

baseband techniques would really become effective. We would 

have totally by-passed the VSB problem. 

What we need however, is a $25 frequency modulator, and a 

$35 FM demodulator. Don't laugh. For many years, a $5 AM 

modulator chip has been available for use with games, 

computers and VCRs. Why not FM? 

Envelope Delay Pre-Correction 

With the excellent hindsight afforded by 35 years of 

experience with NTSC, it seems clear (at least to me) that 

NTSC made a significant mistake in assuming that: "Past 

1988 NCTA Technical Papers-207 



experience indicates that the envelope delays of color 

receivers will be sufficiently similar for the concept of the 

average receiver to be useful".7 Based on this assumption, 

NTSC recommended the envelope delay pre-correction 

standard set forth in FCC RR 73.687(a)(3) (Figure 10). 
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performance. I suggested above that the vestigial sideband 

problem could be by-passed by using frequency modulation 

for 1V signals on our cables, providing someone finds out 

how to produce low enough cost FM modulators and 

demodulators to be included in the set-top interface at 

customer outlets. This would also greatly alleviate the 

chroma group delay problem. 

There is no way broadcasting can shift its present 

terrestrial operation to FM. Therefore, in my opinion, it 

would be most desirable to delete the pre-correction 

requirement from the NTSC/FCC standards. With reasonably 

flat transmitted delay between 200 kHz and 4.0 MHz, 

receivers could be adjusted empirically to display pictures 

without serious chroma delay or crosstalk. As matters now 

stand, receiver designers really do not know what kind of 

signal consumers will receive. The receiver is often adjusted 

to match whatever signal is available, frequently improperly. 

For improved NTSC, cable operators may have to devise 

sound notch phase equalizers, not only for processors and 

modulators, but for the bi-directional filters as well, so that 

we can maintain reasonably flat group delay, perhaps within 

Unfortunately, there is no such "average receiver" group 25, or at most 50 nanoseconds. 

delay characteristic. Figure 9 shows the group delay 

measured on several1970 vintage TV receivers (manufacturer Conclusion 
not identified).3 At that time, these receiver characteristics 

bore no resemblance to the FCC pre-correction curve. 

Today, SAW technology provides considerably tighter phase 

control, but even modern receivers probably do not conform 

with the 1954 NTSC idea of the "average receiver". Actually, 

pre-correction makes the large negative delay in receiver A 

even worse; and receivers B and C are reasonably close 

without any pre-correction. 

Group delay errors at the chrominance sub-carrier frequency 

are most obviously the cause of color misregistration, 

sometimes called the "comic book effect". However, non

linear delays may also cause chroma crosstalk that cannot be 

corrected by such post-detection circuitry as comb-filters. 

Further Suggestions 

It is therefore, quite clear that group delay errors, in the 

vestigial sidebands and the chroma sidebands, will present 

serious obstacles to improving or enhancing NTSC video 
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Extensive activity currently directed toward improving 

the NTSC color standard has been largely confined to the 

video baseband. These efforts will almost certainly be 

frustrated unless the NTSC radio frequency specifications 

are either more tightly controlled or appropriately modified, 

at both the transmitter and receiver. Otherwise, baseband 

improvements will surely be masked by: 

(a) "close ghosts" and other luminance edge effects caused 

by group delay errors in the vestigial sideband region 

above and below the visual carrier; and 

(b) chroma delay or cross-talk caused by improperly 

corrected group delay errors in the chrominance 

region. • 



References 

1. Donald G. Fink; "Perspectives on Television: The Role 
Played by the Two NTSC's in Preparing Television 
Service for the American Public"; Proc. IEEE, September, 
1976. 

2. V.K. Zworykin and G.A. Morton; 'Television"; John Wiley 
and Sons, Inc.; New York; 1954; pp. 221-228. 

3. Wilfred L. Hand; "Measurement of Receiver Phase 
Characteristics"; IEEE Transactions on Consumer 
Electronics; November, 1970. 

4. T.M. Gluyas; "TV Transmitter Luminance Transient 
Response"; IEEE Transactions on Broadcasting; March, 
1974 (This paper was reprinted in the CED, October and 
November, 1985, issues) 

5. W.L. Behrend; "Performance Comparison of TV 
Transmitter RF Demodulators and the Home Receivers"; 
IEEE Transactions on Broadcasting, March, 1971. 

6. Richard C. Palmer; "System Delay Characteristics in NTSC 
Color Television"; Proc. IRE; January, 1954; pp. 92-95. 

7. G.L. Fredendall; "Delay Equalization in Color Television"; 
Proc IRE; January, 1954; pp. 258-262. 

About The Author 

ArcherS. Taylor is a principal and co-founder of Malarkey
Taylor Associates, Inc. and its Senior Vice President, 
Engineering. He is a founder and pioneer in the field of 
cable television, having shared in building the first cable 
television system in the State of Montana in 1953. Mr. 
Taylor has maintained a professional practice as a consulting 
engineer for the broadcast and cable industries since 1944. 

He was on the Board of Directors of The National Cable 
Television Association (Ncr A) for six years. He served as 
National Vice Chairman, former Chairman NCfA Educational 
TV Policy Committee, and former Chairman of the NCfA 
Engineering Committee which developed many of the 
procedures adopted in the FCC rules and regulations. 

He was Alternate Chairman of the Cable Television Advisory 
Committee (CfAC) which made engineering recommendations 
to the Federal Communications Commission concerning 
regulatory standards of good engineering practice. He was 
Chairman of the CfAC Panel on Picture Quality. 

He is a Past President, Board of Governors of the Broadcast, 
Cable, and Consumer Electronics Society of the Institute of 
Electrical and Electronics Engineers (IEEE), J.l Fellow and 
Life Member of IEEE, Fellow Member, SCTE (UK), and 
Senior Member, SCTE (USA). 

He also writes a monthly column entitled "My Turn" forCED 
magazine, on a variety of mostly technical issues. 

1988 NCTA Technical Papers-209 



TIME SELECTIVE SWEPT RETURN LOSS 
A NEW LOOK AT COAXIAL CABLE 

JOHN L. HUFF 
STAFF ENGINEER 

TIMES MIRROR CABLE TELEVISION 

ABSTRACT 

Swept radio frequency return loss 
using a spectrum analyzer and tracking 
generator with time selection will provide 
a new dimension in the measurment of cable 
quality and integrity. 

The return loss bridge has been 
a standard of measurment for the Cable 
Television industry. The bridge's short
comings are impedance balance, frequency 
bandwidth, connector adapters, and scan 
loss. 

A spectrum analyzer, tracking gener
ator, and a radio frequency counter with 
Time Selective Swept Return Loss will open 
up new avenues into coaxial cable testing 
and measurement. This technique could be 
particularly valuable in an HDTV 
environment. It is possible to analyze the 
effect of a single or a multiple of re
flections from coaxial cable, connectors 
or other passive devices. 

RETURN LOSS MEASUREMENTS 

The detection of a swept radio 
frequency response from a bridge will 
indicate the quality of coaxial cable used 
in the Cable Television systems. The 
bridge makes impedance and reactance 
measurements possible. There are other 
devices that make the same impedance 
measurements. 

Radio frequency bridges with port 
to port isolation of 60 Db from 10 kilo
hertz out to a gigahertz are available. 
Bridge effectiveness, however, is limited 
largely by the interface connector return 
loss. 

Resolution of two reflections with 
a swept return loss display is possible. 
Resolution of three or more reflections is 
unsure. 

The TOR with a stepped output meas
ures the loop resistance and impedance 
characteristics of a coaxial cable. Broad
band frequency response using a TOR is not 
easily determined. Making TOR measurements 
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with Cable Television signals and power 
present on the cable system is not within 
the TOR's operational mode. 

The Time Selective Swept Return Loss 
technique will change the way one thinks 
and uses the spectrum analyzer and 
tracking generator. 

The block diagram of the test 
equipment and connections to the system's 
coaxial cable will appear bizarre. There 
will be differences in the setting of 
equipment's operating parameters. There 
is no set way the equipment should be 
connected to a test point. The connecting 
of cables should be as direct and short as 
possible, so that standing waves do not 
ocurr. standard procedures for blocking 
power to the test equipment should be 
observed. The procedures for connecting 
cables will be dictated by differences in 
equipment. 

THEORY 

The reciprocal of frequency is time. 
With a known propagation velocity and a 
measured time the length of a coaxial 
cable may be determined. There are two 
discrete time references when using the 
Time Selective Swept Return Loss 
technique. The first reference is the time 
it takes the spectrum analyzer and 
tracking generator to scan a band of 
frequencies. The second reference is the 
time it takes a signal to travel the 
length of coaxial cable. Both times are 
used to calculate the frequency (delay) 
between the spectrum analyzer and tracking 
generator. 

DELAY AND APERTURE DEFINED 

The "tracking" adjustment is used 
to track the spectrum analyzer with the 
tracking generator. The tracking adjust
ment is also used to adjust the offset 
frequency. The offset frequency determines 
the time or delay, between the tracking 
generator and the spectrum analyzer, and 
determines the point of the segment of 
cable to be analyzed. The offset delay is 
adjustable from zero to over 3 
microseconds or 2400 feet. 



By adjusting the IF bandwidth scan 
time and frequency span, one can determine 
the aperture of the spectrum analyzer. By 
adjusting the aperture, one selects the 
time or length of coaxial cable to be 
analyzed. The aperture is variable in time 
from 5 to 1500 nanoseconds or 5 to 2500 
feet in coaxial cable. 

EQUIPMENT OPERATING PARAMETERS 

-----------coaxial cable--------------
DISTANCE--------------2500 feet----
OFFSET----j----to--300 KHz------
DELAY----- ----to-3 microseconds 
adjustable ----------------------

---adjustable------
APERTURE 5 to 1500-nanoseconds 

------------coaxial cable-------------
-DISTANCE -------------2500 FEET----

AN RF SPAN OF 1000 MHz AND 
THE RATES OF 
SCAN AT 1. • 5 • 2 • 1 
IF KIIz 
of 3 33 16 10 5 
of 10 100 50 20 10 
of 30 300 150 75 30 
THE OFFSET OF 100 KHz PROVIDES 
500 nanoseconds OF DELAY 

AN RF SPAN OF 200 MHZ AND 
THE RATE OF 
SCAN AT 1. • 5 • 2 • 1 
IF KHz 
OF 3 165 80 50 25 
OF 10 500 250 100 50 
OF 30 1500 750 375 150 
THE OFFSET OF 100 KHz PROVIDES 
2500 nanoseconds OF DELAY 

milliseconds 
APERATURE IS 
nanoseconds 
nanoseconds 
nanoseconds 

milliseconds 
APERATURE IS 
nanoseconds 
nanoseconds 
nanoseconds 

aperture table 
types of 

correction 

The 
with the 
Calibration 
change. 

will not change 
equipment used. 

factors will 

Standard CATV test equipment is not 
calibrated to operate Time Selective Swept 
Return Loss accurately. 

The operating limit of the time scan 
depends on the spectrum analyzer local 
swept oscillator. The limit is on the 
local sweep oscillator's ability to track 
a linear time and sweep frequency. 

With some tracking generator, spec
trum analyzer combinations, tracking may 
not adjust with enough offset range. A 
second adjustable oscillator may be used 
to give the needed offset. The adjustable 
oscillator output is read directly with a 
frequency counter. 

Scan and frequency amplitude response 
loss do not apply the same with Time 
Selective Swept Return Loss. The P1gh 
sweep speed and narrow IF bandwidth will 

reduce the effect of other signals that 
are on the system and enhance the desired 
signals. 

with 
which 
swept 

Five 
Time 
would 
radio 

OPERATIONAL NOTES 

operating conditions exist 
Selective Swept Return Loss 
not be normal for conventional 
frequency measurements: 

1. A narrow IF bandwidth 
2. A high rate of swept radio fre

quency 
3. A wide band of frequencies swept 
4. At least 50 nanosecond of propaga

tion time delay 
5. A very linear frequency and time 

sweep of the first local 
oscillator 

It is not usual to sweep test with a 
narrow IF bandwidth. The IF bandwidth 
affect markers or other signal responses 
occupying critical swept frequencies. 

CROSS CHECK 

Standing waves of sweep. frequency 
amplitude response is used to cross-check 
total length of a coaxial cable and to 
calculate delay time corretion. 

(li((F2-Fl)I6)X.5=time in microseconds 
microseconds X 984=free space distance 
free space distance X 88%= coaxial feet 

F2 = 79.581 NHz 
-Fl = 63.947 MHz 

15.634 I 6 = 2.6056 MHZ = F3 
1 I 2.6056 = .38378 

.38378 X .5 = .19187 microseconds 

.19187 X 984 = 188 feet free space 
188 X .88% = 166 feet coaxial cable 

OPERATION 

Connect a coaxial T to the tracking 
generator output. Connect one leg of the T 
to the spectrum analyzer input. The third 
leg is connected to a length of coaxial 
cable not less that 200 feet. The other 
end of the cable should not be terminated. 
Using the standing waves interference 
pattern, the cable length can be measured. 
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Compare Time Selective Swept Return 
Loss technique to and old western movie. 
Picture a fast moving train, the robbers 
are riding their horses alongside the 
train and can board any car. 

f One horsem:m takes out the "F81" rattlesnake, 
the other horserren pace the train to 
CXIUplings and cargo and to prepare for lx:arding. 

•TBE SPECTRUM TSSRL ANALYZER GANG• 

T~S.ti.R.L. OF SAMPLE 

Zero reference span from -100 to +900 MHz. 
Zero reference offset frequency 
499.7245MHz. 
1. Bridge terminated with 
termination 60 DB return loss 
2. Cable connected through an 
return loss at 500 MHz. 

a standard 
at 600 MHz. 
FB1 has a 34 

3. Return loss of inter connecting cable 
is;greater that 60 dB through 700 MHz. 
The offset frequency is 12 KHz. 
4. Return loss from the 1.8 microsecond 
length of 500 coaxial cable is 54 dB. 
The offset frequency is 340 KHz. 

The TOR traces to the right are a 
sample of .s inch coaxial cable 1.8 
microseconds long. The botton trace 
expands five time the first .5 micro
seconds of the top trace. The T.s.s.R.L. 
plots on the next page correspond to the 
discontinuities traced by the TOR. Five 
small vertical divisions are one ohm 
impedance. The T marks a coaxial cable 
connector, the causes of the other changes 
in impedance are not known. 
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The present bridge method for return 
loss measurements is like putting railroad 
ties on the track to stop the train. The 
result is a pile of train cars on the 
railroad tracks. 

"YE OID lOST BRIDGE Rm'URNS" 

A series of plots made with a bridge with 
the standard method. 

1. A zero dB reference trace with the 
bridge test port not terminated. 
2. A quality termination on the bridge 
with 52 dB return loss at 500 MHz. 
3 The return loss of the sample cable 
without the extreme end being terminated, 
a return loss of 21 dB at 300 MHz. 
4. And expanded section of 10 MHZ span 
centered at 400 MHz showing the multiple 
responses from multiple reflections. 



The TOR sample of coaxial cable was 
swept from a minus 100 MHz to a plus 900 
MHz. Below are plots with various delays 
return losses as a continuation of 
plot 1. Each plot displays 80 dB vertical. 

t 6" 
'· 

T.S.S.R.L IHTH SELECTIVE DELAYS 

PLOT POINT OFFSET DELAY 
14 A 45.7 KHZ 115.0 
IS B 68.0 KHz 22 s.s 
16 c 84.9 KHz 340.0 
17 D 124.4 KHz 625.0 

T.S.S.R.L. WITH SELECTIVE DELAYS 
A a 500 splice conneccor. 

ns 
ns 
ns 
ns 

B and C unknown underground faults. 
D a repeated impedance changes 9J96 inches 
apart, a manufacture's characteristic. 
The return loss is at 550 MHz as a spike. 

Set the spectrum analyzer scan width 
to 500 megahertz. Set the sweep speed to 5 
or 10 millisecond. Set the IF bandwidth 
from 3 to 30 KHz. Set the vertical cali
bration to log 10. 

Adjust the tracking generator fre
quency offset to about 100 KHz. Set the 
vertical dynamic range to 70 or 80 Db. The 
vertical response above the noise floor 
is the return loss. Continue the offset 
through 300 KHz. The open end of the 
length of coaxial cable will be a swept 
R.F. amplitude response. The response will 
be twice the through loss of the coaxial 
cable. The coaxial T coupling provides an 
accurate output level reference. 

OPTIONS 

To use Time Selective Swept Return 
Loss, a frequency counter and a second, 
2nd or 3rd local oscillator is not needed. 
To improve accuracy, reduce time and 
equipment operational confusion, a second 
offset oscillator is desirable. A fre-

quency counter could be used with the 
offset oscillator in the tracking gener
ator if there was a sample output of that 
oscillator. 

There is an alternate method to off
set frequency measurement. Stop the sweep 
of the spectrum analyzer in mid sweep, 
count the frequency of the tracking gen
erator. A second frequency measurement is 
made after a tracking offset change has 
been made. The midsweep output frequency 
difference is the offset. The frequency 
offset of the tracking generator will 
determine the spectrum analyzer time 
delay. 

TECHNIQUE 

One has a 50/50 chance that the first 
offset frequency adjustment will be in the 
right direction. Only one direction has a 
response from on frequency tracking. 

The offset frequency determines 
the delay time of the spectrum analyzer. A 
delay is an increase in frequency of a 
tracking generator offset oscillator. 
There is a decrease in frequency of the 
offset oscillator in a spectru. analyzer. 

The bridge or directional coupler 
will extend the dynamic range of the spec
trum analyzer. The bridge or directional 
coupler provides the isolation for obser
vation of the reflections close to their 
test port. Isolation created by the direc
tional coupler or the bridge must be in
cluded in return loss calculations. 

Characteristics of a bridge are 
displayed as the balance is adjusted. The 
bridge balance adjustments are not 
effective as the spectrum analyzer delay 
time moves away from the response of the 
bridge. 

Tt.e Selective Swept Return Loss 
examines any section of a coaxial cable. 
All the passive equipment that is placed 
on the coaxial cable to the next active 
device can be examined for return loss. 

The advantages of Time Selective 
Swept Return Loss will become apparent 
when you see the return loss of a coaxial 
cable being 70 Db or better. A connector 
at 500 feet may have a return loss of 40 
Db at 50 megahertz and 20 DB at 400 
megahertz. 

Coaxial cable loss must be subtracted 
from the return loss measured. All inter
vening coaxial cable loss and the 
resulting return loss from that section of 
coaxial cable is added. The swept radio 
frequency through loss is in one direction 
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of a length of the coaxial cable. The 
through loss is half of the return loss of 
the signal reflected from a coaxial cable 
that is not terminated. 

The relative location of two close 
spaced reflections or the interference 
pattern of multiple reflection can be 
resolved with ease. The coaxial charac
teristics will be displayed in a variety 
of new responses. Other electronic passive 
devices on the cable will also reveal 
their particular characteristic influence. 

Try Time Selective Swept Return Loss 
on TV receiving antennas and coaxial 
cable. The true return loss of the coaxial 
cable or the TV receiving antenna can be 
determined. 
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SUMMARY 

Time Selective Swept Return Loss 
is not a solve all or a cure all. The 
technique will solve many problems dealing 
with television signal loss and distortion 
on a coaxial cable. 

It is not possible here, to cover all 
the aspects, uses, and possibilities of 
Time Selective Swept Return LOss. 

A new user may accept the technique 
as being a more normal function of the 
spectrum analyzer and tracking generator. 

Test equipment calibrated and control 
panel marked to perform the required 
functions of this technique, operations 
would be easier. 



TV AUDIO DEVIATION: 

How To Measure It, Set It Right, And Keep It That Way 

FRANK F. McCLATCHIE 

F M SYSTEMS, INC. 

ABSTRACT 

Measurement and Control of TV audio volume 
has always been with us, but other concerns have 
usually taken precedence. Loudness contrast between 
channels is accentuated by program source switching 
and local ad insertion, not to mention audio volume 
changes with each new program on any given channel. 
This paper explains why two programs of equal peak 
deviation can have very different loudness, how to 
measure "loudness", how to adjust TV audio modulators 
to equal loudness on each channel, and how to keep 
loudness constant even though the source program 
volume changes. First some theory, then the prac
tical art "equalizing" audio levels. 

FIRST A LITTLE THEORY 

Peak Factor 
The peak factor of an audio signal is herein de

fined as the ratio between the peak voltage and the 
RMS voltage in the particular waveform being ob
served. This is usually expressed in dB. Thus a 
square wave has a OdB peak factor, since the peak 
and RMS voltages are equal. A sine wave has a 3dB 
peak factor since the peak voltage exceeds the RMS 
voltage by 1.414 and 20 log 1.414 = 3.0IdB. Natural 
voice or music waveforms can have peak factors 
ranging from 13 to 17 dB. "Single talkers" tend to 
have the highest peak factors, with certain languages 
and talkers ranging up to the 17dB level. Multiple 
musical instruments and combined voices (such as 
singing) tends to reduce the peak factor to about 
13dB. 

Well, if most natural audio nas a 13dB peak 
factor, why does the audio industry refer to a stan
dard IOdB peak factor? Because almost all testing 
is done with sine waves that have a 3dB peak factor! 
Thus we are referring to the difference between the 
3dB sine wave and the 13dB music peak factors. 

Compression 
All of the foregoing discussion refers to natural 

voice or music. In practice these numbers will vary 
according to the degree of peak clipping and/or com
pression applied to the natural audio prior to trans
missiOn. Note that the FCC defines Frequency 
Modulation (FM) in terms of a deviation limit, which 

is directly proportional to the peak voltage of the 
modulating waveform. However the human ear per
ceives loudness as a power-derived factor, which re
lates to the RMS value of the modulation waveform. 
Since the Broadcaster has a natural Interest in pro
ducing the loudest audio possible without exceeding 
the FCC deviation limits, the industry has expended 
considerable effort and ingenuity to compress the peak 
factor ever more while still not Increasing distortion 
excessively. 

Of course, it could be said that any change in 
the waveform constitutes technical distortion, but 
what is important to the Broadcaster Is perceived 
distortion. Thus it comes to pass that some broad
casters (and recording studios) are far more aggressive 
in peak factor reduction than others. As a result, 
any two program sources that exhibit equal peak 
deviation can be very different in perceived loudness. 

A good practical example of differing peak 
factor compression resulting in loudness differences 
can be found on your FM dial. Tune In a "classical" 
station, then a "rock" station. They are both 
modulating ±75 KHz, but the "classical" station will 
sound much weaker, even during a loud passage of 
music. 

3 dB 

Natural 
Audio 

13-17 dB 

Peak Factor 

6 dB 0 dB 

Compressed 
Audio 

3-10 dB 
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PRACTICAL IMPLEMENTATION 

Facing Reality 
While all of the foregoing leaves us with program 

of varying loudness, the sub still will complain If the 
volume changes more that he or she perceives as 
acceptable. No standard fits all subscribers in how 
much is acceptable. The only thing that will reduce 
complaints to a minimum is to reduce volume 
differences below the level of audible perception. 
One deciBel is ordinarily conceeded to be just per
ceptible level change, so if we can hold average level 
differences between channels and between successive 
programs to the order of ±I dB or so, we can hope 
to reduce this source of subscriber complaint to a 
minimum. 

Which Channels to Control 
Off-air channels usually have their audio care

fully controlled and so should not require further con
trol at the headend. This is fortunate since most 
off-air signals are !.F. converted and cannot be con
trolled without going to baseband conversion. In fact, 
since these channels tend to have constant volume 
and can't be controlled in most systems anyway, these 
are usually the "reference channels" to which the 
volume of other channels are adjusted. 

Ad Insertion channels are prime candidates for 
program audio level control. The same ad video-tape 
will play back at differing loudness on different VCR's 
and obviously tapes recorded at different times and 
locations also vary in volume and all of these com
binations tend to be different from the preceeding 
program material. All channels carrying local adver
tising should be equipped with audio ALC systems 
between the ad-insert equipment and the TV modulator 
(not just within the ad-insert equipment). 

Program Switching between different sources 
very often results in severe volume changes. An audio 
ALC system should be placed between the program 
switches and the TV modulator. 

Local Origination audio is very difficult to con
trol and usually requires an operator, but he or she 
is busy enough with the video, so often the audio 
volume changes more than it should. An automatic 
audio ALC system would exert this control and thus 
keep this channel under control. 

In addition to the preceeding group of channels 
that are on the "must control" list, you may find that 
some other program sources should be added to the 
"controlled" list. 

The Conundrum 
Now, If we are to placate the subscriber, we 

must either re-process all incoming audio to the same 
peak factor and so have equal loudness, and equal 
audio deviation, or we can accept audio aswe find 
it, but set the audio volume to be constant between 
channels and let the deviation fall where it may 
(within reasonable limits). Since the cable operator 
Is not constrained by the FCC in the same way that 
a Broadcaster is, the cable operator can adjust his 
deviation over ±25 KHz for under-processed audio and 
under ±25 KHz for aggressively processed audio. 
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How to Set Equal Loudness 
The "old-fashioned way" is to let your ear decide 

by switching between channels. Very time consuming 
and pretty frustrating because the ear has very poor 
loudnes memory. The ear is pretty good for com
paring on an A/B basis, but since the two programs 
are not necessarily at 100% modulation at the same 
time, much time is lost waiting for volume peaks on 
both in quick succession. 

As we have already seen, neither peak deviation 
(as measured on a storage spectrum analyzer), or peak 
voltage measurement (as measured by "peak flashers" 
or peak reading voltmeters) will measure comparative 
loudness between audio waveforms of differing peak 
factors. The only measurement that comes close to 
the human ear perception of volume is the RMS 
measurement. An ordinary RMS reading voltmeter 
will do this, but it still requires considerable inter
pretive skill to read, since the operator must establish 
just what "peaks" to read. If it is an analog meter, 
this difficulty is compounded by the mechanical time 
constants and dynamics of the meter. It is digital, 
reading the flickering numbers is literally impossible. 
The RMS reading meter must record and store the 
highest RMS reading over the testing interval to be 
practical, for it is the highest (or 100% modulation 
level) that should be recorded, not some lower inter
mediate level that may be on part of the time. 

It does little good to measure the audio going 
into the TV audio modulator even with the digital 
RMS storage meter that was just postulated. To com
pare one channel with another, the digital RMS 
storage meter should be connected to the audio outp* 
of a TV tuner. Such a meter is available today\!), 
It is called the ADM-I. 

How to Keep Loudness Constant 
Now that we know how to equalize the volume 

on the channels that we can control, how can we keep 
them from changing during ad inserts, program source 
switching, and other sources of volume changes? The 
answer is automatic audio level control applied be
tween the audio source (such as the satellite receiver) 
and the TV audio modulator. This requirement is 
especially accute on the new BTSC stereo modulators, 
some of which have an audio control system built-in. 
A number of audio automatic level control systems 
(ALC) are available today®. Some are elemental in 
operation, while some are quite sophisticated. just 
what can a sophisticated ALC do that it's more 
elemental brothers cannot do? Why buy the fancy 
model? 

Characteristics of Audio ALC Systems 
Audio ALC systems range from simple automatic 

variable gain devices to complex systems that control 
the gain in such a way that the listener is not aware 
that control is being exerted. 

Simple ALC Systems 
The simple ALC control system will maintain 

a constant audio output, but with certain rather 
obvious "control artifacts" such as: 



I. "Noise Pumping". This is heard as a rushing 
hissing noise gradually increasing and de
creasing in amplitude as the program volume 
changes. This hiss can be really objection
able during long pauses between normal 
program levels. 

2. "Ducking". The sudden reduction of ordinary 
background sound following a sudden loud 
sound such as a gun shot. 

3. "Program Pumping". This is caused when 
intermittent high level low frequencies such 
as bass drums or other low frequency pulsing 
sounds modulates the volume of mid and 
high frequency sounds. This can be partic
ularly noticeable and objectionable on 
certain program content. 

Sophisticated ALC Systems 
These more complex ALC systems deal with 

these control artifacts with varying degrees of 
success. The best of them give no audible clue to 
their operation. Except that the audio level stays 
substantially constant over a wide range of input 
levels. Characteristics to look for when searching 
for a very good audio ALC: 

1. "Gating". A good gating system will prevent 
"Noise Pumping". The gate locks the gain 
setting upon a sudden reduction of audio 
level, like ·a pause in speech. A good gate 
will not permit the gain to change until pro
gram audio returns. Since the gain is pre
vented from increasing during pauses, noise 
cannot be pumped up. 

2. "Program-Dependent Gain Control". This 
feature, when properly implemented will 
prevent "Ducking". Sudden very loud noises 
will not change system gain, while longer 
term loud passages will exert gain reduction 
to maintain a constant output level. 

3. "Dual-Band Control". By splitting the audio 
band into two parts, the low frequencies 
can be separately controlled from the high 
band, therefore intermittent high level low 
frequencies cannot modulate the volume of 
the higher audio frequencies, thus preventing 
"Program Pumping". 

Artful implementation of these three aspects 
of the automatic level control system can control 
audio level to very close tolerances even with input 
level variations of 30dB, and do so with no perception 
on the part of the subscriber that any control is being 
exerted. In effect a very good ALC system acts just 
like a tireless professional audio operator on the job. 

SUMMATION 

Over the years, TV audio has almost been a 
"necessary evil": Necessary for obvious reasons, and 
evil because really good control systems were absent 
and there were many other more pressing problems 
to solve. Cable has grown and with that, subscriber 
expectation of professional grade video and audio. 
New equipment is now available that enable entirely 
new levels of audio professionalism. Better control 
of audio levels as well as stereo TV audio transmission 
in cable systems will go a long way toward increased 
subscribers satisfaction. 
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WIRELESS OR WIRED CABLE: COMPARABLE TECHNOLOGIES? 

George Harter 
Systems Engineering Manager 

General Electric Company 
Comband Products Operation 

ABSTRACT 

A comparison between the performance of 
a 10 watt multichannel multipoint 
microwave distribution system (MMDS) and 
a simple cable system is provided. 
Comparisons are made of received signal 
level, carrier-to noise ratio and 
nonlinear distortion performance. MMDS 
system limitations and operational 
features are briefly discussed. 

INTRODUCTION 

As the cost of building a cable 
system continues to increase, operators 
continue to search for alternative 
technologies to deliver equivalent or 
better performance at lower costs. One 
alternative operators now have is to 
supply programming over a microwave 
multichannel multipoint distribution 
service (MMDS) and reduce the amount of 
cable plant. New FCC regulations have 
allotted sufficient frequency spectrum 
in the 2.5 to 2.7 GHz range to give 
operators the ability to offer an 
attractive number of channels. 

Eliminating the need for a cable 
plant certainly proves MMDS to be less 
costly, but can ~he performance of an 
MMDS system meet or exceed cable system 
performance? The answer is ~· MMDS 
performance can meet and even exceed 
cable in fundamental performance areas 
like received signal level, 
carrier-to-noise ratio and nonlinear 
distortion products. Also, current 
equipment available to MMDS systems can 
provide many of the technical advances 
found in cable such as addressability, 
scrambling and stereo broadcasts. 
Combining comparable features and 
improved performance can make MMDS a 
successful complement to an existing 
cable system or a very competitive 
alternative. 
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PERFORMANCE 

MMDS Received Signal Level 

To begin, let us define a typical 
MMDS and cable system as shown in Figure 
1. The MMDS system will utilize an 
omnidirectional transmitting antenna 
mounted 500 feet above ground level. 
For simplicity we will assume a constant 
receiving antenna height of 20 feet and 
a flat earth, realizing the farthest 
practical receive site distance will be 
limited to approximately 40 miles by the 
radio horizon. The detailed 
characteristics of the transmit and 
receive site equipment are listed in 
Table 1. 

The received signal level can be 
calculated from the formula 

PR = PT - L + GT - Lp + GR + G8 

where 

(1) 

Received signal power at 
downconverter output (dbm) 
Transmitter power (dbm) 
Transmit site losses due to 
channel combining and waveguide 
losses (db) 
Transmit antenna gain (dbi) 
Free space path attenuation (db) 
Receive antenna gain (dbi) 
Block downconverter gain (db). 

Typically, transmitter output powers 
will range between 10 and 100 watts. 
For this comparison, the transmitter 
output power will be 10 watts (40 dbm). 

Losses between the transmitter and 
transmitting antenna depend upon the 
length and type of waveguide being used, 
whether adjacent channels are being 
transmitted and the number of 
transmitting antennas available. Non 
adjacent channels can be combined with 
passive waveguide combiners and incur 
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Figure 1. MMDS and cable system architectures. 

only 1-2 db of loss plus the waveguide 
run losses. However, if adjacent 
channels are being transmitted and only 
one transmitting antenna is available, a 
minimum loss of 3 db plus the loss of 
the waveguide run must be incurred in 
order to combine the microwave 
channels. Utilizing more than one 
transmitting antenna to transmit 
adjacent channels will eliminate the 
hybrid combining problem. For this 
comparison, waveguide and combining 
losses will be assumed to be 3 db. 

A variety of transmitting antenna 
patterns and gains are available. 
Standard omnidirectional antennas either 
horizontally or vertically polarized, 
can be obtained with gains from 10 to 17 
dbi. Various cardioid patterns can be 
obtained with gains as high as 24 dbi. 

For this comparison, a typical 
omnidirectional antenna with 13 dbi gain 
was chosen. 

Free space path loss can be 
calculated from the equation 

L = p 96.6 + 20 log f + 20 log d (2) 

where f is in gigahertz (GHz) and d is 
in miles. The frequencies available for 
multipoint systems are 2.150 - 2.162 GHz 
and 2.5 2.686 GHz. For this 
comparison a median frequency of 2.6 GHz 
will be used. 

The receive site consists of a 
receive antenna and a block 
downconverter to convert the microwave 
channels into the cable midband or 
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Freq (GHz) = 2.6 
Tx Pwr (watts) • 10 
Combining Losses (db) = 3 BDC Noise Factor 3.16 
Tx Ant Gain (dbi) • 13 BDC Noise Temp 670.16 
Rx Ant Gain (dbi) • 21 System Noise Temp 820.16 
BDC Gain (db) • 20 
Rx Ant TE (Kelvin) = 150 Noise Power BDC Output -8.34E+01 
BDC NF (db) = 5.00 
Tx Ant Height (ft) = 500 
Tx Ant Tilt (degrees) = 0.5 
Typ Rx Ant Height (ft) = 20 

Elevation 
Tx/Rx Ant Pattern 

Distance Path Loss Rx Level C/N Angle Attn 
(miles) (db) (dbm) (db) (degrees) (db) 
---------------------------------------------------------------------

0.5 98.88 -28.88 54.56 -9.80484 -21 
0.75 102.40 -26.90 56.54 -6.41122 -15.5 

1 104.90 -30.40 53.04 -4.69442 -16.5 
1.5 108.42 -21.22 62.22 -2.96822 -3.8 

2 110.92 -21.42 62.02 -2.10256 -1.5 
3 114.44 -23.94 59.50 -1.23570 -0.5 
4 116.94 -26.19 57.25 -0.80195 -0.25 
5 118.88 -28.13 55.31 -0.54162 -0.25 
6 120.46 -29.46 53.98 -0.36805 0 
7 121.80 -30.80 52.64 -0.24405 0 
8 122.96 -31.96 51.48 -0.15106 0 
9 123.98 -32.98 50.46 -0.07872 0 

10 124.90 -33.90 49.54 -0.02085 0 
15 128.42 -37.42 46.02 0.152757 0 
20 130.92 -39.92 43.52 0.239566 0 
25 132.86 -41.86 41.58 0.291652 0 
30 134.44 -43.44 40.00 0.326376 0 
35 135.78 -44.78 38.66 0.351180 0 
40 136.94 -45.94 37.50 0.369782 0 
45 137.96 -46.96 36.48 0.384251 0 
50 138.88 -47.88 35.56 0.395825 0 

Table 1. MMDS system characteristics used in analysis. 

superband frequency range. The receive 
antennas typically have gains in the 
range of 18 to 3 0 dbi. A variety of 
block downconverters exist with gains 
ranging from 20 to 40 db and noise 
figures from 2 to 5 db. For this 
comparison, a receive antenna gain of 21 
dbi, a block downconverter gain of 20 db 
and a downconverter noise figure of 5 db 
will be used. 

The calculated received signal 
levels are shown in Table 1 for 
distances of .5 to 50 miles from the 
transmit site. The perturbations in 
level from .5 to 1.5 miles out are 
caused by the elevational pattern 
characteristics of the transmitting 
antenna as shown in Figure 2. 
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MMDS Noise Performance 

The carrier-to-noise ratio (C/N) 
at a given receive site can be obtained 
by comparing the received carrier level 
calculated in Table 1 to the noise level 
present at each receive site. The noise 
level at each site will remain fixed 
assuming the same receiving antenna and 
block downconverter are used. 
Therefore, the noise level at each 
receive site can be calculated from 

NR = 
where 

N = R 

(3) 

Noise power at downconverter 
output (dbm) 
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Figure 2. Transmitting antenna elevational characteristics. 

k Boltzmann's constant (1.38 x 
10"-23 J/K) 
Bandwidth (4 x 10"6 Hz) 
Effective noise temperature of 
receiving system 
Block downconverter gain (power 
ratio). 

With the receiving antenna and block 
downconverter characteristics shown in 
Table 1, the effective noise temperature 
of the receiving system is approximately 
780K and the noise level at the output 
of the block downconverter from equation 
(3) is -83.7 dbm. Table 1 shows the 
resulting C/N for the various receive 
sites in the MMDS system. 

Cable System Noise Performance 

The cable system design consists 
of a series of feedforward trunk 
amplifiers with a generous 2600' of 
separation. Each trunk amp breaks off 

into feeder legs consisting of a bridger 
amplifier and two line extenders. The 
performance levels at the output of this 
second line extender will be compared 
with the MMDS performance levels at the 
b 1 o ck tiownconverter output. The 
amplifier characteristics are listed in 
Table 2. 

The C/N ratio can be calculated 
for the trunk, bridger and line extender 
systems independently using 

C/N = PR - GA - NF - 10 log N + N0 (4) 

where 

Received signal level (dbm) 
Amplifier gain (db) 
Amplifier noise figure (db) 
Number of amplifiers 
System thermal noise level, 
dbm for a 4 MHz bandwidth 

and then combined using 

-59.1 
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Trunk Amp Distance C/N @ Trunk C/N @ Line 
# (miles) Amp Output Ext Output 

1 0.49 59.10 54.49 
2 0.98 56.09 53.20 
3 1.48 54.33 52.20 Trunk Amp 
4 1.97 53.08 51.40 Gain 26.00 
5 2.46 52.11 50.72 NF = 10.00 
6 2.95 51.32 50.13 C/N = 59.1 
7 3.45 50.65 49.61 
8 3.94 50.07 49.15 Bridger Amp 
9 4.43 49.56 48.73 Gain 31.00 

10 4.92 49.10 48.35 NF 9.50 
15 7.39 47.34 46.82 C/N 59.60 
20 9.85 46.09 45.70 
25 12.31 45.12 44.80 Line Ext 
30 14.77 44.33 44.06 Gain 30.00 
35 17.23 43.66 43.43 NF 8.00 
40 19.70 43.08 42.88 C/N 62.1 
50 24.62 42.11 41.95 
60 29.55 41.32 41.18 
70 34.47 40.65 40.53 
80 39.39 40.07 39.97 

Table 2. Cable system characteristics used in analysis. 

C/N 

where 

(5) 

C/N for the trunk cascade (db) 
C/N for the bridger amp (db) 
C/N for the line extender 
cascade (db). 

The C/N was calculated for distances out 
to 40 miles (80 trunk amplifiers) and 
the results are shown in Table 2. 

Figure 3 is a comparison of the 
C/N performance of the cable and MMDS 
systems. The results show that even at 
10 watts of output power, MMDS 
performance can rival cable performance 
out to distances of at least 23 miles 
(47 trunk amplifiers). 

Now, the results shown in Figure 3 
describe the ideal situation where the 
C/N is only limited by the signal level 
received at each receive site. For 
systems of 2 to 16 channels in size this 
level of performance is quite 
practical. However, when the number of 
channels increases to beyond 16, the 
downconverter dynamic range will 
typically limit the maximum allowable 
received signal level and thus will be 
the controlling factor for C/N. The 
received signal level must be chosen to 
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balance between C/N and nonlinear 
distortion performance. This is 
especially true for clear line-of-site 
receive sites out to distances of 20 to 
25 miles. 

Nonlinear Distortion 

As previously mentioned, the 
downconverter dynamic range will 
typically be the controlling factor for 
the system nonlinear distortion 
performance. The architecture of the 
MMDS transmitting system is optimized 
for minimum distortion generation. An 
individual transmitter is used for each 
channel and channels are combined 
through the use of passive waveguide 
combiners. Cross modulation and 
intermodulation numbers of -60 db are 
very typical at the output of the 
transmitting antenna(s). Therefore, the 
downconverter is the only active element 
in the system handling the combined 
power of all channels. Because of this, 
the downconverter input level must be 
kept within the manufacturer's specified 
dynamic range to insure intermodulation 
and cross modulation performance on the 
order of -55 to -60 db as delivered to 
the subscriber. Obviously, this 
adjustment of received signal level will 
ultimately affect the C/N ratio. 

Cable systems have a much more 
severe problem with nonlinear distortion 
because of the number of active devices 
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Figure 3. 10 watt MMDS versus cable carrier-to-noise performance. 

handling all of the video channels. 
Cross modulation, intermodulation and 
composite triple beat worsen through 
every amplifier. The major contributor 
to nonlinear distortion products in a 
cable system are the feeder lines 
containing the bridger amplifiers and 
line extenders. These amplifiers 
typically have 20 to 30 db worse 
distortion figures than the trunk 
amplifiers. Because the cable system 
model used in this comparison contains 
only two line extenders and one bridger 
amplifier per trunk amp, the cross 
modulation calculations result in 
excellent performance. However, unlike 
MMDS, distortion products increase as 
the cable system grows. 

MMDS Limitations 

As described above,. MMDS can have 
significant performance advantages over 
cable. However, there are limitations 
placed on MMDS because it is an 
over-the-air technology. Because of the 

transmission frequencies (2.1 to 2.7 
GHz), MMDS is essentially a line-of-site 
technology. Receive sites with totally 
or partially obstructed views of the 
transmitting antenna may have tremendous 
variations in received signal strength. 
Receive sites surrounded by foliage may 
experience large signal level 
fluctuations as the seasons change. It 
is essential to insure clear 
line-of-site between transmit and 
receive sites in order to obtain 
consistent performance at all times. 

However, these problems with 
terrain and obstructions can be 
managed. There are signal strength 
contour studies available which will 
predict the amount of loss an MMDS 
operator can expect from terrain. By 
combining these studies with intuitive 
reasoning regarding other structures in 
the propagation area and foliage, an 
MMDS operator can predict his coverage 
area very accurately. 
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OTHER MMDS ADVANTAGES 

Not only can MMDS offer 
performance advantages over cable, but 
also increased system reliability. 
Since there is no closed distribution 
system and no large cable plant to 
maintain, the only equipment reliability 
concerns exist at the transmit site and 
the subscriber's home. Also, the 
current design trend for MMDS 
transmitting equipment is away from tube 
technology and towards solid state 
devices. Solid state technology is more. 
reliable and less power consuming. 

The receive site antenna and 
downconverter are designed to reside on 
the subscriber's roof and provide 
excellent reliability in a variety of 
weather conditions. However., the 
potential weak link in the receive site 
installation can be the interconnections 
from the downconverter to the antenna 
and into the subscriber's home. Care 
must be taken to insure all connections 
are sealed and weather tight. The 
ingress of moisture into these 
interconnections can have considerable 
impact on received signal quality. 

Other significant MMDS advantages 
include the speed at which a system can 
be built. Once transmit site 
construction begins, it is not unusual 
to be ready to install subscribers in a 
1 to 3 month time frame anywhere in the 
potential coverage area. This is 
significantly better than the typical 
cable start-up times. Also, there is 
significantly less up-front cash needed 
to start a system as the major cost 
comes from subscriber equipment, not 
transmission equipment or plant. 

BELLS AND WHISTLES 

Transmission and reception 
equipment currently available to MMDS 
operators offers many of the cable 
system operational features and more. 
Signal security, addressability, stereo 
compatibility and spectrum space for 
ancillary data services are all 
available in MMDS. 

From a security standpoint, both 
audio and video scrambling techniques 
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are available. current techniques 
consist of video inversion, sync 
suppression, bandwidth compression and 
combinations of these. 

Addressability is performed 
through the use of in-band data 
transmission. current techniques 
involve transmission in either the video 
or audio paths. Along with 
addressability come features like 
pay-per-view capability, flexible 
tiering and combining of programming, 
channel mapping and increased deterrents 
to pirating of signals and converters. 

Since most MMDS equipment is 
designed to handle the additional audio 
bandwidth for BTSC stereo, the system is 
stereo transparent from the beginning. 
With the addition of stereo encoders at 
the transmitter site and decoders in the 
home, subscribers can enjoy excellent 
quality stereo sound. 

CONCLUSIONS 

A well designed and well managed 
MMDS system can exceed cable system 
performance in the fundamental areas 
which significantly impact subscriber 
satisfaction. Through careful and 
detailed system design, MMDS can achieve 
an excellent reputation as a high 
quality and high performance broadcast 
service. Also, since MMDS operators do 
not have an expensive distribution 
system to maintain, more attention can 
be paid to customer service and 
satisfaction. However, it is important 
for an MMDS operator to understand the 
technical capabilities and limitations 
of his system. With this understanding, 
an MMDS operator can build a successful 
and profitable business. 

1. 
Data for 
Computer, 
Edition, 
1985. 
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WIRELESS TV VIEWER RESPONSE 

Robert J. Dattner 

Senior Engineering Consultant, TV Answer Inc. 

ABSTRACT 

For over 20 years, the cable television industry 
has sought a cost effective way to retrieve real-time 
information from the home. Recent laboratory and 
field tests have demonstrated the suitability of over
the-air radio transmission as an alternative way to 
received pay-per-view and other data from 
subscribers' homes. The new system uses bandwidth 
efficient pulsing to achieve high speed viewer 
polling, (upwards from 784,000 per minute; 
nominally 945,000 per minute), without two-way 
cable or telephone connections. The TV Answer 
System is currently being tested at Media General 
Cable in Fairfax, Virginia. In addition, the Federal 
Communications Commission is considering the 
allocation of one-half MHZ in the 216 to 222 MHZ 
band for the use of this new viewer response 
service. Field tests are now underway to support a 
petition for formal rulemaking. 

THE TY ANSWER SYSTEM 

The TV Answer System utilizes a radio 
transmitter, "the TV Answer Box," in each 
subscriber's home. The household transmitter 
is polled via data inserted in the forward 
video signal, just off screen in the over
scanned television receiver. The first 5 
microseconds of each horizontal line are used 
to transmit one bit. The initial 24 lines 
identify the polled group and transport other 
useful information from headend to home 
unit. The polling bits, plus the horizontal 
synchronizing pulses, tell the units when to 
transmit their locally stored data. In each 
home one bit is transmitted each polling cycle. 
At one bit per horizontal line, capacity 
exceeds 900,000 bits per minute. In the 
present implementation of TV Answer, the 
vertical interval is avoided, and, allowing for 
some over-the-air transmission time, 784,000 
bits-per-minute capacity is achieved. For 
simple Yes/No questions like, "Do you ·wish to 
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watch this movie?" 784,000 homes per 
minute can be polled. Future generations of 
the box may allow for multiple pulses per 
horizontal line. This will allow over I ,000,000 
responses per minute. 

Figure I, reprinted from Figure 6 of US 
Patent 4,591 ,906, shows the location of the 
forward addressing pulses. The pulses are 
off-screen on the television receiver. If a 
receiver were intentionally underscanned, 
they would appear as a black and white 
vertical strip on the left side of the screen. 
Since the data are actually "in the video" 
(albeit off-screen), the vertical interval is left 
available for other uses. One disadvantage of 
this method, presently unstudied, is that 
horizontal timing information must be 
available to address the home unit. This 
means that, at the present at least, the TV 
Answer addressing channel cannot be 
scrambled. In the Media General test 
situation, an unscrambled "ordering channel" 
is used. In home shopping and direct 
response situations, as well as opinion polls, 
games or educational uses, this poses no 
problem. If an ordering channel is not 
available because channel space is tight, an 

TF 

PICTURE INFORMATION 

H 

H•63.s ... s 
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Figure 1 - Location of Forward Addressing Bits 



ordering interval, with unscrambled video 
might be used. To address the TV Answer 
Box, a 5 to 15 minute unscrambled period 
might be necessary, for example, before a 
movie or event. This problem will be studied 
further as the product is developed. 

The return pulses are timed to reach the 
central computer located at the headend or 
studio in a continuous stream. Boxes more 
distant from the receive antenna anticipate 
the delay and launch their pulses early. A 
numerical value proportional to the delay is 
stored in each box during a "calibration cycle". 
This cycle corrects for the delays of the 
forward transmission system as well as the 
return pulse transmission time. 

Figure 2 shows the normal transmiSSIOn 
system as seen at the central receiving point: 
a continuous stream of pulses, synchronized 
by the forward video horizontal "sync." 

FIGURE 2 • RECEIVED PULSE SYNCHRONIZATION 

FORWARD VIDEO H PULSES 

RECEIVED TV ANSWER PULSES 

During the calibration mode, 5 horizontal 
lines are left unused after each request for a 
poll. Each unit, then, has 5 times 63 
microseconds, i.e. 315 microseconds, in which 
to respond. When the pulse is received, the 
value of the delay is sent to the home unit for 
local storage. Thus, if a distant location takes 
300 microseconds to respond, the TV Answer 
Box will transmit 300 microseconds early in 
order to arrive at the central antenna at the 
proper time. A close-in box would transmit 
with nearly zero delay. Figure 3, illustrates 
this point. If one unit in each zone transmits 
at the same instant, pulses would arrive as a 
continuous stream at the central antenna. The 
calibration cycle takes 5 times as long as a 
normal cycle. Figure 4 shows the calibration 
cycle. Figure 5 shows the normal cycle. Note 
the 5 blank lines before the first box response 
is received. This allows that unit to be at the 
farthest extreme in the transmission area. 
The calibration cycle can be run as often as 

necessary when questions are not being 
asked. 

The home units are grouped 200 at a 
time. The addressing can reach all 200 boxes 
at once with one address. Each unit then 
begins counting horizontal synchronizing 
pulses to know when to transmit. In the 
present configuration, 4 bits are stored 
locally. Thus, a question, could have 4 
multiple choice answers, and four cycles 
would be needed to get all the information. 
The forward bits also tell when a question is 
being asked, and communicate when to clear 
memory. The home unit will only transmit 
when a question is asked from the headend. 

Multiple channels can share the same 
return frequency by coordinating the timing 
of the retrieval of pulses. Since the forward 
polling is through the video, only the boxes 
watching the channel that is asking questions 
will respond. Computer software is being 
developed to coordinate the forward pulse 
insertion, and data retrieval process. 

FIGURE 3 • DELAY FROM HOME TRANSMITTERS 

A - zero delay VIDEO IUULIL 
B - 1 line delay 

BOX A OUT __n 
C - 2 line delay 

BOX BOUT __n 

BOXCOI.JT __n 

RECEIVE 

ATHEADEND 
----ILILJ1__ 

PROPAGATION ISSUES 

The forward signalling system over a 
cable system or over-the-air is relatively 
controlled and predictable. The return signal 
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is severely attenuated in the return journey 
as a result of man-made structures and 
natural terrain. The receive antenna must be 
able to distinguish the pulse from man-made 
and natural noise. While the propagation 
concerns seem to require the largest 
transmitter possible, interference issues 
require a suitable frequency which will not 
interfere with existing services, yet allow an 
economically efficient transmitter. 

Efforts so far have concentrated on 
216.25, 218.25, and 220.25 MHz. These 
frequencies were chosen because they are 
presently underutilized due to potential 
interference to Channel 13. They also allow 
construction of a reasonably priced in-home 
transmitter. 
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Pulses received within S line window at headend depending on 
lransmission time. 

TECHNICAL TESTS 

The shaping and random nature of TV 
Answer's pulses lend themselves to a 
statistical analysis of interference. Present 
testing is intended to measure the effects of 
these pulses in television receivers, and 
model the potential problems. Two of the 
major tests presently underway are: 

1. An analysis of the susceptibility of 
television receivers to interference at 216.25, 
218.25 and 220.25 MHz., and, 
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2. Measurements of the time average 
power delivered by actual units in 
subscriber's homes spread across a geographic 
area. 
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FIGURE 5 • QUESTION CYCLE 

Pulses received every video line at headend 

BACI{GROUND 

The 216-220 MHz. band is presently 
underutilized due to potential interference to 
Channel 13. The rules for creating a band for 
"Viewer Response Television" require an 
engineering determination of the potential for 
interference. 

Fi2ure 6 shows the parts of a 
transmission model for exploring the potential 
for interference. 

Measurements of the susceptibility to 
interference to television receivers were 
performed in 1975, (see Reference #4). TV 
Answer has repeated these tests on 30 
modern receivers for both CW and the actual 
TV Answer pulses using the equipment 
shown in Fi~ure 7. A second test involves 
placing TV Answer Boxes in homes and 
measuring the accumulated power from a 
cluster of homes over time. Each unit 
transmits in its own time slot, only one pulse 
at a time is launched. However, pulses are 
launched to reach the headend one horizontal 
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FIGURE 6 • INTERFERENCE TRANSMISSION 

TV 
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line apart. The more distant pulses are 
transmitted to overcome the delay in getting 
back to the headend. The transmit antenna is 
omni-directional and signals radiate outward 
in concentric circles. At any point in the 
system pulses may converge in or out of 
phase in a random pattern. Not all of the 
units transmit on every cycle. Interference 
then must be statistically modeled. 

TV Interference was measured at 
three frequencies: 216.25, 218.25 and 220.25 
MHz. The visually displayed pattern varied 
from TV receiver to receiver. TV receivers 
were generally more affected by 216.25 than 
218.25 or 220.25, as expected. Additionally, 
the effects of 220.25 MHz (2 times 4.5 MHz 
above Channel 13's picture carrier.) on sound 
and AFC were observed in TV receivers using 
4.5 MHz. internally. For these functions, the 
receivers was often confused by the 4.5 MHz 
beat between the interfering signal and 
sound. 

FIGURE 7 - TV SUSCEPTIBILITY MEASUREMENTS 
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The centralized receiving point must be 
able to receive levels down to about -90 dBm, 
based on preliminary path calculations and 
actual measurements. The economics favor 
improvements at the one receiver rather than 
the many transmitters. 

This type of reception array problem 
should not be new to any cable television 
engineer. We need to find a low level pulse 
above man-made and natural noise near 
Channel 13. The present receive 
configuration consists of a +10 dB gain , 215-
225 Mhz. whip antenna, 300' of cable, a 30 dB 
pre-amplifier, a 1 MHz wide cavity filter, and 
a communications receiver with a 200 KHz IF 
bandwidth. The overall configuration will 
detect signals down to a signal-to-noise of 
+ 10 dB above the receive equipment noise 
floor of -116 dBm . 

FCC PROCEEQURES 

In 1987, TV Answer Inc. began field 
testing under controlled conditions, to develop 
a feasible transmit/receive configuration 
using a temporary license granted by the 
Federal Communications Commission. In 
December 1987, we petitioned the FCC to 
begin a formal rulemaking on the permanent 
allocation of one-half Mhz, natioJt wide, to 
support "viewer response" television. As of 
the publication of this paper, the FCC is still 
deciding whether to begin that formal 
rulemaking. 

One-half Mhz. seems a small amount of 
spectrum to allocate in order to achieve 
something that has been talked about for over 
20 years, but never before accomplished. In 
various forms, two-way cable and telephone 
interconnection have produced disappointing 
attempts to give the public an ability to 
interact with television programming. 
Wireless transmission offers a solution to the 
problems other technologies have been 
unable to overcome. 

TV Answer continues to test and 
develop its product, and work with industry 
and government to document the utility of 
the "Viewer Response" electromagnetic band. 

Mr. Dattner is President of DAI, a 
Telecommunications Engineering Firm, and a 
Senior Engineering Consultant to TV Answer 
Inc. of McLean, Virginia. He has 17 years 
experience in cable television including Media 
General Cable of Fairfax, Virginia and a major 
cable television manufacturer. He has a 
Masters degree in System Engineering and is 
working on a Masters degree in Business 
Administration. 
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Note: Due to publishing deadlines, this paper 
does not contain the results of field tests 
presently (March, April 1988) being 
conducted. For more information contact the 
author or TV Answer, Inc., 8201 Greensboro 
Drive, McLean Virginia, 22102, (703) 356-
7800. 

REFERENCES 

1. Eckert, R. "Guidance for Evaluating the 
Potential for Interference to TV From Stations 
of Inland Waterways Communications 
Systems" OST Technical Memorandum, 
FCC/OST TM8 2-5, July 1982. 

2. Federal Communications Commission, 
Third Notice ~f Further Proposed Rulemaking, 
"Television Broadcast Services," Federal 
Register, Vol. 16, No. 68, Page 3072, U.S. 
Government Printing Office, Washington, D.C., 
April 7, 1951. 

-s: 

-•s 

-2S: 
c 
z 
't> 
M 
Ul 

:u -3S: 
1"1 
Q 

r 
1"1 
< -~s: 1"1 
r .. 
Q .. 
:X 

217 21B 219 221!1 

3. Goldberg, Henry and Jeffrey H. Olson. 
"Petition for Rulemaking". In the Matter of 
TV Answer inc., before the Federal 
Communications Commission:", Washington, 
D.C. December 2, 1987. 

4. L. Middlekamp, H. Davis, 
"Interference to TV Channels II and 13 from 
Transmitters Operating at 216-225 MHz., FCC 
Lab Division Report, Project No. 2229-71, Oct. 
1975. 

5. United States Patent 4,591,906, 
issued May 27, 1986. 

APPENDIX 

(This section is based on "Guidance for 
Evaluating the Potential Interference to T V 
From Stations of Inland Waterways 
Communications Systems," by R. Eckert, OST 
Technical Memorandum, FCC/OST TM82-5, 
July 1982. ) 
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Figure 8 CW Interference Susceptibility 
(See Reference 4) 
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One important factor in the decision by 
the Federal Communications Commission to 
create a "viewer response" radio band, or not, 
will be the susceptibility of television 
receivers to interference at 216.25, 218.25, or 
220.25 MHz. 

A review of the FCC's bench test (see the 
data in Reference #4, reproduced here) 
produces the following minimum ratios for an 
input level of -65 dBm: 

Protection Ratios (dB) for Just 
Perceptible Interference 

Frequency Desired to Undesired 
Signal Ratio 

216.25 MHz. + 5 dB 

218.25 MHz. -15 dB 

220.25 MHz. -25 dB 

These ratios are for CW signals on a 
small sample of receivers (5). The ratio 
chosen is for the most susceptible receiver. 
TV Answer is presently compiling data on 
receivers and the effects of the TV Answer 
shaped pulses. 

To identify possible interference, it is 
necessary to statistically account for the time 
variation of the desired Channel13 signal and 
the undesired pulses. A log-normal 
distribution is assumed to account for terrain 
variations. In the analysis below, the 
objective is to determine the percentage of 
locations, L, at which there will be 
interference free reception T % of the time. 

The desired condition of no interference 
occurs when the ratio of wanted to unwanted 
signals is better than the barely perceptible 
ratio in the chart above. Figure 19 of the FCC 
Report predicts the signal level for 50 % ofthe 
Television Receivers, 50 % of the time, F 
(50,50), based on antenna heights and 
distance. Figure 20 of the same report gives 
analogous data for 50 % of the Television 
Receivers, 10 % of the time, F (50,10). A 
fading ratio can be calculated from 
subtracting the two curves. These three 
curves are reproduced in Reference #I, and 
on the next three pages. Variability of the 
signal is accounted for by using a log-normal 

distribution with a standard deviation of 8.6 
dB. This means that there is a 90% chance 
that signal variations will be as large as 11 
dB. 

To combine the fading factors of the 
desired and undesired signals, the square root 
of the sum of the squares is used, based on 
the assumption of uncorrelated distributions. 

The percentage of homes, L, at which 
there will be no perceptible interference can 
be determined from the following equation: 

R(L,G) = A + Pu - Pd + Fu(50,50) - Fd (50,50) + 
.../ Rd2 (T) + Ru2 (T) 

where, 

A = Minimum acceptable desired to 
undesired ratio in dB between the fields. 

Rd(T) = Fd(50,T) - Fd(50,50) , depth of fading 
in dB 

Ru(T) = Jb(50,T) - Ib(50,50) , depth of fading 
in dB 

/ Rd2 (T) + Ru2 (T) 
combination in dB 

Variation with time 

P u = Undesired, pulse - effective radiated 
power in dB above 1 kilowatt radiated from a 
half-wave dipole, 

Pd = Desired (Channel 13) signal, effective 
radiated power in dB above 1 kilowatt 
radiated from a half-wave dipole, 

F(50,T) is in units of dB(uV/m), 

G = Fd(50,T) - Fs, 

where Fs = the minimum TV Field strength 
for service. 

By applying the distributions of dHl n d 
F u. it is possible to create a graph of potential 
interference based on distance and antenna 
heights. Figure C-1 from Reference #I is 
reproduced here to give an example of 
potential interference area calculations. The 
TV Answer task is complicated by the 
inclusion of losses created by man~made 
objects as well. 
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