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ABSTRACT

Composite triple beat measurements of various
trunk cascade lengths operating to 400 MHz with
fifty~-twa qhannel loading are compared to various
trunk cascade lengths operating to 300 MHz with
thirty-five channel loading. The performance of
distribution amplifiers is similarly compared. A
system model from which these measurements were
obtained is described and the calculated perform-
ance based on specifications is compared to actual
performance. The improvement to subjective picture
quality when using phase lock techniques is dis-
cussed. Cross-Modulation and Second Order Beat
distortions are not addressed by this article.

INTRODUCTION

The primary objective of this paper
is to give the end user of 400 MHz active
system components some insight into the
actual performance degradation when expand-
ing from 35 tao 52 channel locading. It
seems meaningful that this subject be ad-
dressed due to the skepticism that has been
expressed with regard to expanded channel
operation. As more 400 MHz data becomes
available to the industry, an improved con-
fidence level will be shared. Toward this
end, the distortion characteristic of
Composite Triple Beat will be treated here-
in. To facilitate the study of composite
triple beat behavior, a system model was
designed and constructed.

SYSTEM MODEL

The system configuration for the
evaluation, based on performance specifi-
cations, was divided into three segments,
such that equal distortion contribution
would result from: 16 trunk amplifiers;
one bridger amplifier; and two line ex-
tenders operating at 300 MHz or 400 MHz.

Figure 1 summarizes the resulting
operating levels that were chosen, and the
distortions that would result in a 300 MHz
system with 35-channel loading.
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300 MHz System
35 Channels

Equal Contributors

1 Bridger
Amplifier

32
-63

48
-63

Level dBmv
Distortion dB

System performance -53.46 dB Carrier To c/T/B

Figure 1

The relative distortion level of
-53 dB, which is the recommended minimum
level as indicated in the NCTA standard of
"Good Engineering Practices for Measure-
ments on Cable TV Systems”, was chosen as
a reference.

Figure 2 indicates the relative dis-
tortion level that would result based on
specifications when seventeen channels are
added to the system model as introduced in
the previous figure.

400 MHz System
52 Channels

Equal Contributors

Level dBmV
Distortion 4B

32
=53

System Performance -43.46 dB Carrier To C/T/B
Figure 2

The barely perceptible point for com-
posite triple beat distortion has been
established at a relative distortion level
of -51 dB. Therefore, the resultant rel-
ative distortion level of -43 dB would be
unacceptable in terms of subjective pic-
ture quality unless a technique such as
coherent carriers is utilized.



DATA FORMAT

Two of the 35 channels were charac-
terized to represent thirty-five channel
performance. Channel 11, because math-
ematically it has the maximum number of
beats that fall around the carrier and
channel 35 which represents worst case
performance based on previously accumula-
ted data. Similarly, channel 28 and chan-
nel 50 were selected to represent 52 chan-
nel performance. NOTE: 43 channel data
is also included on all graphs.

In order to provide a logical pro-
gression, it was decided to initially
treat the trunk cascade, the bridger amp-
lifier and the line extender cascade as
separate unitsg, and then finally to eval-
uate the three components together as a
transportation and a distribution system.

TRUNK CASCADE ANALYSIS

Data accumulated during the system
study confirmed that composite triple beat
distortion increases as a function of
frequency and is graphically illustrated
in Figure 3.
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Figure 3

The horizontal lines that are con-
tained in this graph and subsequent graphs
indicate the present Jerrold specification
limits. They are included for reference
purposes only.

The data contained in Figure 4 pro-
vides a basis for numerical comparison of
a trunk cascade performance using the
worst case channel for each of the loading
conditions indicated. It should be kept
in mind while making comparisons that no
attempt was made to select amplifiers with
equal distortion contributions as indivi-
dual units. However, due to the fact
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that both channel loads were applied to
the same cascade, the true value of this
information can be realized by comparing
the distortion degradation that resulted
as a function of channel load. By com-
paring thirty-five channel data from the
cascade locations listed, it can be de-
termined that a 20 LOG N degradation
applies (ie: 20 log 16 = 24 dB). Making
the same comparison for 52-channel load-
ing suggests a cascade degradation of less
than 20 LOG N.

TRUNK AMPLIFIER BEHAVIOR

OUTPUT LEVEL 35 CHANNEL 52 CHANNEL
+dBnv CASCADE CASCADE

1 4 16 1 4 16
32 67.0 (63) 61.0 (53)
34 62.5 56.0
36 69.0 58.0 59.5 52.5
38 65.0 54.0 55.5 48.0
40 74.5 60.0 50.0 64.0 52.0 43.5
42 69.0 56.0 46.5 59.5 48.5 39.0
4“ 65.5 52.0 55.0 4S5.0
46 61.5 51.5
48 57.0 47.5

(Spec 474Bmv for -574B) (Spec 47dBmv for -47dB)

Figure 4

BRIDGER AMPLIFIER ANALYSIS

The performance of a bridger ampli-
fier operating as a single unit with
various channel loads can be determined
by referring to Figure 5.

SINGLE BRIDGER AMPLIFIER
+48 pBuY
COMPOSITE TRIPLE BEAT DIiSTORTION

s d

[ A 43 CHNWELS

RELATIVE DISTORTION

+ }

2 JHORE 28 35 ™ 50
CHAEL

Figure 5

The bridger amplifier was operated
with 6 and 8 dB slope for 35 and 52 chan-
nel loading respectively. Sloped opera-
tion is utilized to maximize the output
capability of distribution amplifiers



and to minimize tap level variation across
the frequency spectrum. It is significant
to note that the margin of distortion re-
mains relatively constant regardless of
channel loading.

The tabular data in Figure 6, as
well as the graph in Figure 5, indicate
the distortion degradation that occurs
when seventeen additional channels are
added.

BRIDGER AMPLIFIER BEHAVIOR

OUTPUT LEVEL
+dBmvV

35 CHS 6 dB SLOPE 52 CHS 8 dB SLOPE
CH 11 CH 35 CH 28 CH SO

46 72.0 73.5 67.0 65.0

48 68.0 69.0 (63} 62.0 59.5 (53)

50 63.0 65.0 57.0 53.5

52 59.0 61.5 52.0 48.0
{(Spec 51 dBmV for -57 dB) (Spec 51 dBmv for -47 dB)

Figure 6

LINE EXTENDER CASCADE ANALYSIS

Line extender performance with added
channel loading tends to resemble that of
the bridger amplifier. Refer to Figures 7
and 8. Note that when comparing the tabu-
lar data contained in Figure 8, that chan-
nel 28 was the worst case channel for
thirty-five channel loading as indicated
in Figure 7.

TWO LINE EXTENDER CASCADE
+45 pBaY
COMPOSITE TRIPLE BEAT DISTORTION

524
1o 2 cuwmeLs

| & 43 cameLs

RELATIVE DISTORTION
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COMPLETE SYSTEM ANALYSIS

The cumulative distortion that was
measured after the component parts were
connected together to form a typical sys-
tem is contained in Figure 9.
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TWO LINE EXTENDERS IN CASCADE
MEASURED BEHAVIOR

OUTPUT LEVEL 35 CHS 6 dB SLOPE 52 CHS 8 dB SLOPE
+dBmV CH 11 CH 35 CH 28 CH 50
43 71.0 71.5 61.0 60.0
45 68.0 67.5 (63) 57.5 57.0 (53)

49 63.0 63.5 53.0 52.5

49 59.0 59.0 49.5 48.0

51 54.5 54.5 44.0 45.0

(Spec 48dBmv for -57dB) (Spec 48dBmV for -47dB)

Figure 8

COMPLETE SYSTEM
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Figure 9

Upon inspection of the distortion
data accumulated for each of the elements
of the system model on a per amplifier
basis at specification level, one can con-
clude that the degradation in composite
triple beat performance by expanding from
35 to 52 channel loading was 10, 9.5 and
10.5 dB for trunk, bridger and line extend-
ers respectively, or approximately 10 dB.
This degradation is a result of addi-
tional beat accumulation associated with
52 channel operation and loss of ampli-
fier performance as a function of fre-
quency. The data also reveals that the
trunk as a cascade of amplifiers only de-
graded by 6 dB under 52 channel loading

at +32 dBmv, instead of the anticipated

10 dB. The bridger and line extender
cascade degraded as expected.

In order to investigate the contribu-
tion of the trunk distortion to the over-
all system distortion, it was decided to
increase the trunk operating level in two
dB increments while maintaining the prijidger
and line extender output levels constant.



The results of this experiment are tabu-
lated in Figure 10. It is worthwhile to
realize that as the trunk level was in-
creased, the thirty-five channel system
distortion specification was reached with
the trunk operating at +36 dBmV. The
fifty-two channel system specification
was not reached until the trunk was oper-
ating at +38 dBmvV.

SYSTEM BEHAVIOR

SYSTEM COMPONENT LEVELS
+dBmV

300 MHZ
35 CHS

400 MHz
52 CHS

16 TR + BR + 2 LE CH 11 CH 15 CH 28 CH 50

32 48 45 60.0 62.0 (53) 53.0 5

-

-0 (43)

34 48 45 56.5 58.0 50.0 48.0
36 48 45 53.5 54.0 48.5 46.5

38 48 45 50.0 50.5 46.0 43.5

Figure 10

ADVANTAGES OF PHASE LOCK

The recommendation that coherent
carrier schemes could be used to reduce
perceptible distortion, thus, allowing
a significant increase in the number of
channels to serve the same geographic area
formerly limited to thirty-five channel
distribution, is viewed as a "gimmick" by
some individuals. Coherent carrier schemes
are not new and have been used for many
years to improve system margin and/or sys-
tem reach. If coherent carrier schemes
are truly a "gimmick" used to improve the
subjective picture quality of a television
channel, then push-pull amplifiers, which
reduce the effect of second order distor-

tion, must also be classified as a "gimmick".

Subjective evaluations of picture
quality that resulted from the system
model carrying thirty-five and fifty-two
channels have been made in the labaratory.
Tests were conducted using both-the ce-
herent and non-coherent modes. A grawnp
of trained observers established the point
of barely perceptible distortion on the
channel exhibiting the most distortian.
Test results indicated that a system. &f
either thirty-five or fifty-two channéls
can be operated 5 dBmV higher when co-
herent carrier schemes are applied to
a non-coherent system. A fifty-two chan-
nel system using coherent carriers has
the same or a slightly better "barely
perceptible” reference as the identical
non-coherent system carrying thirty-five
channels.
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SUMMARY

A system model was designed and con-
structed to evaluate composite triple
beat behavior in systems operating to
300 and 400 MHz. Comparing earlier
300 MHz system data to this data veri-
fied that no degradation in 300 MHz sys-
tem performance was introduced when util-
izing 400 MHz amplifiers over previously
available 300 MHz amplifiers. The be-
havior of a 35 channel 300 MHz system com-
plied with the 20 LOG N degradation for-
mula. The degradation in trunk behavior
of a 52 channel 400 MHz system was less
than 20 LOG N. The distortion margin
of the bridger and the line extenders,
when comparing specification vs. measured
performance, remains relatively constant
regardless of channel loading. The im-
proved performance of the trunk cascade
in 52 channel 400 MHz systems could be
utilized to improve the carrier to noise
ratio of the system. A system of either
35 or 52 channels can be operated 5 dBmV
higher when coherent carrier schemes are
applied to a non-coherent system. A 52-
channel system using coherent carriers
has the same, or a slightly better "barely
perceptible"” reference as the identical
non~-coherent system carrying 35 channels.



A COMPATABLE STEREO SYSTEM
VIA SATELLITE

DOM STASI

DIRECTOR OF ENGINEERING
WARNER AMEX SATELLITE ENTERTAINMENT COMPANY, NEW YORK

ABSTRACT

In the domestic satellite medium
video service generally enjoys the
allocation of full transponder bandwidth.
Such allocation can provide abundant
spectrum space for in band, ancillary
services.

Thoughtful use of the available
spectrum and efficient modulation loading
can yield dynamically increased informat-
ion transfer with little more than
statistical impairment to extant signals.

One such application provides for
the enhancement of satellite delivered
program audio into compatible non-
redundant stereo.

The technique addressed is an
adaptation of the sum and difference
scheme introduced by Zenith - G.E. in
1961 and applied here to the conventions
of satellite transmission into CATV
systems.

INTRODUCTION

To efficiently distribute FM stereo
signals without loss of fidelity or
monophonic compatibility the multiplex
scheme of L+R, L-~R double sideband supp-
rissed carrier was put into use in the
United States.

50KEz 15 19 23

Fig. 1

53KHz

To the credit of it's developers it
has enjoyed widespread acceptance since
its inception despite what from a strictly
parametric appraisal, was a compromise of
virtually all major modulation parameters,
in the interest of compatibility. 1i.e.
The FM broadcast band, developed to
accommodate a monaural baseband (1 channel
audio not exceeding 15KHz) set a peak
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deviation limit of 75 KHz. As figure 1
indicates to incorporate stereo, a second
baseband channel must be multiplexed above
the first, extending the baseband excurs-
ions to 53KHz. This reduction in FM im-
provement ratio coupled with the anomolies
of de-matrixing the sum and difference
signals results in a $/N reduction, in
stereophonic reception, of some - 20dB
from monophonic reception of the same
signal. It is beyond the scope of this
paper to discuss further, however, since
stereo transmission constitutes the vast
majority of all current FM broadcast
allocations, it's nearly universal accept-
ance, despite the inherent degradations,
bears testimony to the dynamic subjective
appeal of stereophonic sound in the trans-
mission of music.

SATELLITE APPLICATIONS

The application of the sum and
difference technique to satellite video
transmission however may exploit the
scheme to much greater advantage in the
absence of the stringent deviation con-
straits imposed by broadcast regulations.

Two techniques will be discussed:

1. Adhere strictly to NCTA recommen-
dations for main aural subcarrier modulat-
ion. The advantage being compatibility in
an existing universe.

2. An optimum modulation loading and
signal processing technique, emphasizing
audio as the prominant signal component.

In both cases, the proposal utilizes
generic or public domain techniques. The
affiliated participant is not limited to
proprietary equipment designs in an as yet
undefined equipment universe.

A simple technique for obtaining sum

and difference signals is indicated in
figure 2.

O W=
o

L+R Fig. 2

v

L-R




In the (L+R) output, left and right channel
baseband 1inputs are added to form the monaural
signal for use in conventional reception.

In the stereo receiver the (L-R) signal is
combined with the (L+R) signal to regain the
original left and right channel, stereo relation-
ship as follows:

(L+R) + (L-R) = 2 L
(L+R) - (L-R) = 2

To provide the stereo receilver with proper
information to perform the above summation it is
necessary to transmit the stereo (L-R) information
on separate multiplex subcarrier.

Applied to a Cablenet I transponder, video
associated audio may be transmitted in stereo with
no redundant signals. Matrixing at the uplink
transmitter, the sum (L+R) channel is modulated
upon the 6.8mHz subcarrier. A conventional video
receiver will detect this as a monaural signal and
provide a baseband output. The difference (L-R)
channel is modulated upon a separate subcarrier.

For discussion let's choose 5.8MHz. Figure 3
L-R L+R
Fig. 3
4,2 5.8 6.8

As per NCTA recommended practices, additional
subcarriers may be multiplexed above video, on
full transponder (36mHz) services. For the limit-
ed subcarrier case, a root sum squared rule
applies in determining peak composite deviation
and thus occupied bandwidth.

n
1.
Feomp = [FFy2 +4F 2 +2(x FS;:] 3 &)
1=1\ F
sl
where:
Fv = deviation of main carrier by video
=10, 75mHz
Fe = deviation of main carrier by energy
dispersal waveform = lmHz
(= deviation of main carrier by existing
subcarrier = (2mHz)
FS = frequency of existing subcarrier
1 = (6.8mHz)
Fsi;; frequency of additional subcarrier(s)

For the single subcarrier case, assuming convent-
ional subcarrier modulation indices of 1:0.29%
and deviation standards (as per NCTA document

# ) of 100KHz peak deviation, composite

56

deviation is equal to:

[Go.75% + 19+ (g x 6.3 2] % - 10.98umz

Applying Carson's Rule to determine occupied band-
width;
BW = 2 (aF + FM)

where:
AF = peak composite deviation
FM = max instantaneous modulating frequency
Then:
+ .100)

(6.8
= 2(10.98 + 6.9) = 35.76mHz

This may be rounded to Bandwidth = 36mlHz

Thus it may be assumed that in order to add infor-
mation, in the form of additional subcarrier(s),
some reduction in peak deviation of existing
service(s) must be accomplished, (1) To avoid
overdeviating. Decreasing video deviation to
accommodate our difference (L-R) channel sub-
carrier imposes a minimal penalty, manifest as an
imperceptable reduction in video S/N.

Consider, the second subcarrier of 100KHz
peak deviation, 1:0.29 modulation index at 5.8mHz.
Scaling according to modulation index, ylelds sub-
carrier deviations of main carrier.

Foomp™ PR 4K + (29 6.8)% (.29 x 5.8)2] *

= 11.1mHz @

Statistically, according to Carson's BW rule, this
would cause a slight overdeviation. Some

parameter ( Fv) must be reduced.

SIGNAL/NOISE PERFORMANCE

Video deviation, and subsequent video signal
to noise ratio penalty, attributed to the addit-
ional subcarrier, is then;

AF_ = E123.21 -12 22 . 1.6823% = 10.74mHz
or, approximately a -.01dB reduction in video S/N.

A minimal tradeoff to accommodate stereo audio.

Audio signal to noise ratio is identical to
one channel operation when modulation indices are
maintained.

or;
2 2
S/N =C/N+BW+ P+ 10 3/4 Fs
8 F3 F2
a s 3)
where:
BW = bandwidth in decibels = 75 dB
P = Preemphasis improvement (75u ) = 13.2
>C = deviation of main carrier by subcarrier
(1.68mHz)
Fa top modulating frequency (15KHz)
F~ = subcarrier frequency (5.8mHz)

F =

s
Then assuming a C/N of 12 dB:

(1.68 x 108)%(100 x105)
[35 = 1097 (5.8x10%)7

subcarrier peak deviation (t 100KHz)

S/N=12+75+13.2+ 10 log 3/4



= 63 dB

63 dB represents a quite acceptable audio S/N
ratio, and should yield excellent quality, at the
T.V.R.0., with no apparent effect upon video or
monaural audio subcarrier.

Consider however, as mentioned earlier, that
prior to carriage over a cable system the convers-
ion to broadcast FM format must be undergone,
replete with its - 20 dB signal to noise penalty.
This, coupled with average cablesystem noise
figures, will yield signal typically 40 dB above
the noise floor.

Several methods are available to improve this
figure. The most apparent 1s of course increased
subcarrier deviations.

OPTIMIZED TRANSMISSION

In delivery services where audio enjoys a
unique prominence, such as Warner - Amex proposed
MTV music channel, deviation and processing may
be employed which reflects that prominence.

For example, extending deviation peaks to
237 KHz (75KHz + 10 dB headroom) will yield S/N
ratios on the order of 70 dB (C/N=12 d5). Again,
achieved at minimal penalty to existing services.

The MTV optimized system may utilize sub-
carriers of 6.6mHz. In the interest of improved
threshold performance.

Then, applying the techniques just discussed

2 '] %

= [362 —246.132 + 6.84% - 12 - 1.982 - 1.682] %
A

F, 2 _

= [sz —(BW'F___)+F__ 2 - F
% max’ max

F_ = 10.8mHz; no video S/N penalty to the 36mHz
BW receiver.

Audio S/N =
S/N_= C/N+BW +P +10 log3/4 iffi%z——izﬁl;—
a S FCOR RN G

. (1.98)2 x (.237)2-|
= 12475+13.2 + 10 log3/4 l:(.ms)j Gy

S/N_ = 71.8 dB
a

a striking improvement, which may be improved
further.

NOISE REDUCTION
An additional technique, which exploits the
freedom of the CATV industry is the addition of a
world renouned noise reduction system. B type
Dolby encoding.*

The Dolby B system, (fig. 4) boosts high
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Block Diagram of B-Type Noise Reduction System.

frequencies by 10 dB. 1In decode an equal and
oprosite cut is applied, restoring the signal to
its original characteristics. In the process all
low level noise introduced between encoder (Uplink)
and decoder (T.V.R.0.) is attenuated, as per Fig.5
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MIV, Movie Channel and NICKELODEON trans-
missions will incorporate "B" type Dolby encod-
ing.

Extensive tests, worldwide have shown the
"B" system to be compatable.

The compatable nature of the system permits
the CATV operator to allow the encoded signal to
pass directly to his subscribers. This accords
the noise reduction advantages (Fig.5) of the
compander to those equipped with Dolby receivers
at no perceptible detriment no non-Dolby or TV

receivers.
RECEPTION

Reception of stereo subcarriers may be accom-
plished by the simple addition of appropriate sub-
carrier demodulator cards to the satellite video
receilver.

Serious caveats apply, and this technique,
while enticingly simple, is not recommended at
this time.



Consider the following, for good stereo re- Additionally, wide deviations may be imple-

ception it 1s necessary that the L and R channels mented in the absence of receiver imposed roofing
remain well separated (that is, audio in one limitations, thus yielding the benefits of
channel shall not appear in the output of the other optimized transmission.

channel). The FCC requires 29.7 dB separation
(which was about the best achievable when the rules
were adopted). Exciters soon became available
which were capable of better than 35 dB separation.
45 (a)
In order to maintain good separation, it is [
necessary that the amplitude and phase of the L+R w b
and L-R paths be nearly identical. The channel
separation as a function of these three factors is
given in the following equation. "
S
20 log | (cos © + M cos ¢)2 + (sin e)2 30 |-
(cos ® - S cos #)Z + (sin @ 2

M 2 I N S N
01 0.2 0.3 0.4 0.5

B SFPARATION

where: d8 DIFFERENCE IN CHANNEL GAIN
M is the gain of the main L+R path
S is the gain of the stereo L~R path
¢ is phase error of reinserted 38 kHz sub-
carrier 45 r_ {b)
8 1s difference in phase between L+R and L-R
paths.

The effect of each alone upon the separation
1s shown in Fig. . In practice, loss of separat-
ion is due to some of each. Therefore, to
achieve 35 dB separation, the amplitudes must match
to about 1 percent and the phase to about 1° over
the entire audio range from 50 Hz to 15 kHz. These
are very stringent requirements. For this reason, * e 4
designers keep the amount of circuitry in the DEGREES PHASE OIF FE RENCE
separate L+R and L-R paths to a minimum.

dA SFTPARATION
¢
)

Propagation delay deltas, long term component
degradations and manufacturing differences make as — (e)
independent subcarrier demodulator cards impract-
ical as stereo receivers, at this time. Y

A number of efficiencies are inherent in a
reception scheme like that of Fig.6, not the least
of which 1s the preservation of stereo separation
in the long term.

\ HEAD-END S T R S
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STEREO |
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SUMMARY

All WARNER AMEX SATELLITE ENTERTAINMENT
COMPANY services (MIV, Movie Channel, NICKELODEON)
emanating from the new NETWORK OPERATIONS CENTER
will incorporate compatible stereophonic audio.

In accordance with NCTA recommended practice
THE MOVIE CHANNEL and NICKELODEON will adhere to
deviation standards set forth therein.

MIV, as accords with it's format, will employ
the optimized transmission technique discussed
here, in the interest of superior audio.

Both stereo systems, as well as conventional
reception of all WARNER AMEX SATELLITE ENTERTAIN-
MENT COMPANY programming will enjoy the advant-
ages of Dolby noise reduction encoding.

I wish to thank the people of Dolby Labor-
atories, Leaming Industries and Wegener Comm—
unication for their dedicated participation in
this project.

CONCLUSION

We have striven to develop a system uniquely
suited to the needs of the CATV industry.

A wholly non-proprietary design will allow
competition to stabilize costs.

A modern companding technique will allow
efficient use of transponder space at no detri-
ment to non-companded receivers and authority
compromise to the generic nature of the system.

And, finally as a business person who must
mediate between a diverse group of claimants, the
CATV operator is well aware of the not insign-
ificant marketing advantages the term "DOLBY"
conveys to subscribers.
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A NEW PERSPECTIVE ON SMALLER CATV OPERATIONS

WILLIAM O.

GRANT

U.S. DEPARTMENT OF AGRICULTURE - RURAL ELECTRIFICATION ADMINISTRATION
WASHINGTON, D.C.

INTRODUCTION

Both technically and economically the smaller
CATV system bears little resemblance to its' urban
counterpart. Yet, it is interesting to note that
identical approaches in system designs are general-
ly employed. It is as though this same approach
was effective in both cases though they may be
substantially different in nature.

One good example of this is in system design
philosophy. The familiar trunk plus feeder tech-
nique is universally applied for 1,000 or 20,000
subscriber applications and even the amplifier gain
and operating transmission levels are widely
accepted without question to be optimum for both
cases.

Now there's nothing sacred about these levels
and gains and only a moment's review of transmis-
sion principles suggests same modifications might
not only be technically acceptable, but might be
significantly cost beneficial.

But for same reason the question has not been
raised.

Perhaps, if we oould clearly identify same re-
quirements or problems of the small system operator
we might more effectively employ today's technology
in addressing those requirements and possibly
produce more satisfactory solutions.

This paper reviews same smaller operation pro—
blems and proposes same alternative approaches.
Some of these altermatives may be as yet unproven.
Our purpose is simply to question existing methods
and perhaps gain samething by the discussion.

IDENTIFYING SMALL SYSTEM PROBLEMS

In the final analysis all the problems of a
smaller CATV operation find root in the limited
revenue base on which the operation must exist.

At REA we have particularly addressed the rural
applications where the density of hames per mile
of plant became very inhospitable indeed, but even
in systems of 1,000 to 2,000 subscribers the
econamic restriction is ever present.

One example, is the cammonly shared costs
such as program acquisition or head end. These
common costs carry much different weight for a

Q4

small operation. Take a satellite receiving facil-
ity at a cost of say 30 thousand dollars. With
1,000 paying subscribers that pro-rates at 30 dol-
lars each. But with 10,000 subscribers the figure
becames a more benign 3 dollars each. The smaller
operation then is under substantial pressures to
expand its' subscriber base even at the cost of
plant extensions out to less dense surrounding
areas.

And with a smaller margin of profit the oper-
ation is limited in staff and also in the technical
depth of the staff that is affordable. Thus, high-
ly sophisticated maintenance or testing techniques
are inhibited and any simplification of long term
maintenance or any reduction in logistic spare
equipment requirements will have a much larger im-
pact than those same improvements in a larger
operation.

SMBLL SYSTEM CHARACTERISTICS

But there are same positive advantages in
smaller operations also.

For example, most core camunities (the cen—
tral town or population cluster in a rural or small
system) are located relatively close to the system
point of origin or head end. Thus the length of
cable plant required to reach all of this community
is distinctly limited. Then the cascade of requir-
ed amplifiers will also be limited and consequently
a transmission engineering approach might be able
to take advantage of this condition. Perhaps, cas-
cades of 8 or so conventional trunk amplifiers
might be considered typical to serve the core
camunity alone.

In these applications the available off-air
signals are usually either limited in number or
marginal in quality or both. Thus operations
designed for 21 channels may be quite adequate.
Indeed in many cases 12 channel operation may be
salable thus eliminating or at least postponing the
cost plateau of subscriber set converters. In any
event the small system need not construct 40 or 50
channel plant, which is no small cost reduction of
itself.

The nature of the small community is a factor.
Usually the population is more stable and there is
less subscriber "churn" than in urban operations.
This fact, and the reduced total subscriber count



itself, relieves the operator of such complexities
as addressable taps, etc. Even billing and ac-
counting processes may be less expensive because
of the reduction in scale.

With these facts in mind, how might we best
serve the requirements with today's equipment?

INITIAL CONSTRUCTION COST REDUCTICN

Obviously any reduction in initial construc-
tion cost would be most welcome.

The recent improvements in amplifiers have
been very largely influenced and stimulated by
CATV's entry into even larger markets. Consider
an amplifier which used to produce Y intermodul-
ation distortion at X ocutput levels when loaded
with 21 channels. Now perhaps, that unit is cap-
able of carrying 35 or more chamnels while still
producing Y intermod at the same X cutput levels.

Certainly this increased transmission capacity
is presented to the small system designer, but the
advantage gained is samewhat academic if that oper-
ation cannot demonstrate a need for 40 channels or
can not economically support this level of
programing.

But that same amplifier improvement might be
translated to higher gain, higher cutput lewvel op-
eration if the channel loading remained at 21
channels. And higher gain translates to longer
spacings and reduced systam costs.

Let's examine the typical trunk system design
as it is almost universally applied today in both
the largest and the smallest systems.

Usually operated at + 10 dBmv input and + 32
dBmV output the typical trunk amplifier is spaced
22 dB or so. These levels may be increased by a
dB or so for lower channel loading application.

Under these parameters the tnmk system would
be cascadable to perhaps approximately 25 units
and at the end of that cascade could still accom—
modate an extension through a bridger amplifier
and perhaps two line extenders. These feeder am-
plifiers operate at higher transmission levels to
improve subscriber tapping effeciency, but the
higher levels impose higher intermodulation dis-
tortion contributions also. The higher distortion
is tolerable because of the limited cascade of
feeder units (2 or 3 typically) and the low dis-
tortion trunk contribution due to the low trunk
operating levels.

But cur smaller system will probably never
require anything like a 25 trunk amplifier cas-
cade, at least not to serve the core community
itself. Perhaps, we ocould operate our trunk am-
plifiers at substantially higher gain and still
produce "in spec" end of system performance
through the usual 3 amplifier feeder leg.

In effect, if the small system designer
simply applies urban trunk parameters, the end re-
sult will be better than necessary transmission
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quality at higher than necessary construction
costs.

We examined many small system designs that
were examples of this. One, I recall was a total
of five amplifiers deep in the head end to system
extremity, but the design dutifully (and extraw-
agantly) used 3/4 inch trunk cable and 22 dB
spaced trunk amplifiers.

Quite obviously this was designed by rote,
not reasoning.

If the rationale is that same long rural ex—
tensions may be required later and thus trunk qual-
ity must be preserved at the initial extremities
of the system, that is a different thing entirely
and should be addressed separately.

RURAL SYSTEMS AND SYSTEM EXTENSIONS

The demographics of a rural system or an "out
of town" extension of the smaller system are not
particularly suitable for trunk plus feeder
designs.

Usually the cable route is quite long, and
the naminal subscriber tap load is distributed
along this entire length. At the same time, side
lead or lateral cable runs may be of quite signif-
icant length in themselves.

If we apply conventional trunk plus feeder
designs we will find a majority of the feeder
simply paralleling the trunk cable for tapping
parposes. This is not particularly cost effective.
We might consider eliminating the second cable and
its associated second level of bridger and line
extender amplifiers. Perhaps, we could simply
insert all required taps into the main cable
itself.

If we consider the side lead runs as pure
feeder cable, we will find that often the length
of such runs will require AGC or thermal campen—
sation anyway and may require a cascade of so many
high distortion feeder amplifiers imposing out of
specification distortion at the end of the side
lead cable runs.

The conventional feeder system technique is
simply not compatible with long, lightly loaded
cable runs, particularly if little of the feeder
plant is located "off" the main trunk cable route.

In the rural extensions we do not anticipate
any cluster or group tap loads or a large mmber
of service points at the end of the extension.
Rather than apply the trunk and feeder philosophy,
which allocates same limited intermodulation dis-
tortion to the trunk system and reserves same sub-
stantial intermodulation distortion for the feeder
sub-system, we might redistribute distortion along
the entire length of a single cable system.

We oould then accept higher intermod from
each individual amplifier, since we expect no sub-
sequent large distortion contribution fram feeders.
If we can accept higher distortion fram each unit,



we are free to operate them at higher output levels
with higher amplifier gain. This translates to
longer amplifier spacing which may be usefully
enmployed in overcoming the tap insertion losses or
in using lower cost, higher loss cable or a
canbination of both.

In any event, the effect can significantly
reduce construction costs.

There is no "free lunch", and the effects
of many taps inserted into a single cable may have
limitations or present problems. Obviously, just
introducing a larger number of cable connectors is
undesirable, but careful workmanship and a short
"debugging"” period should make this acceptable.

Such devices will introduce echoes and reflec-
tions, of course. Ultimately, these may become
limiting, but despite same extensive study we have
not, as yet, been able to positively determine the
point at which this becames totally inhibiting.

We have a field project under construction which
will produce same useful data and, of course, there
is the experience of long urban feeders. In many
cases, three line extenders have been cascaded and
certainly as many as 30 or 40 taps have been in-
cluded and in this respect the urban feeder is
essentially like the rural single cable design.

Of ocourse, several techniques for "shedding"
tap loads are available, particularly for clusters
or groupings of taps. For exanple, back feed or
forward feed cables, even with same cost penalty
for limited parallel cable runs, offer scme relief.

Improving the return loss of the inserted de-
vices themselves, either by redesign or simply by
production selection, would substantially reduce
the potential problem.

In any event, we do not see the limitation as
urmmanageable. The single cable technique can re-
duce the amount of larger, more expensive cable
required, and reduce or eliminate much of the
inefficient parallel cable placement. It could
canpletely eliminate a second level of amplifiers
such as bridgers or extenders.

We believe a 36 dB gain amplifier, operated
at + 8 dBmv input and + 40 dBmV output with 32 dB
transmission loss spacing for 21 channel appli-
cations, compromises between cost and system
"reach" for rural extensions. Using % inch size
cable only, and including the typical tap loads
along the route, this amplifier can provide rural
extensions on the order of 17 to 18 miles depend-
ing on the tap and splitting loads.

That is pretty good area coverage if you in-
clude side lead and lateral cable runs and at a
substantial reduction in cost, anywhere from 30 to
40 percent less than conventional trunk plus feed-
er designs as shown by ocur studies.

How might this design be incorporated into
the core comunity design camfortably?
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A COMPOSITE DESIGN FOR SMALL SYSTEMS

In our earlier examination of trunk plus feed-
er designs for core cammities, we raised the ques-
tion of conventional trunk amplifier gain and op-
erating levels as being less cost effective than
we would like. But we had not presented any
specific alternatives.

In our rural extension discussion we have in—
troduced higher gain and higher operating level
figures. Quite dbviously, we might consider these
figures when applied to the core camunity design.
In effect, we may have optimized a trunk design for
the core comunity which is completely campatible
with the long rural extensions and presents initial
construction econamies in both applications.

This sounds great, but what of the higher
intermodulation distortion introduced by these amp-
lifiers when they are in the trunk portion of the
core cammumity system? In this case, our intention
is to follow this cascade with a conventional 3
amplifier feeder leg, which contributes a substan-
tial amount of distortion itself.

But, you will recall that our demographic pro-
file of the core commnity showed a relatively
limited distance from head end to core community
extremities, thus the cascade of the rural amplifi-
ers to the point of feeder system connection would
be distinctly limited. Our studies show that a
cascade of 8 or 10 amplifiers operating at + 40
dBnv output (the rural extension optimum) can be
followed by a bridger plus two line extenders op—
erating at standard levels and still produce - 52
dB of Cross Modulation at the last service point
or better. That would seem quite acceptable.

Let us review what we have:

We have a single, low cost, small size cable,
equipped with high gain amplifiers and operating
at transmission levels samewhat above the inef-
ficient, conservative, urban trunk levels, but
samewhat below the high distortion, high transmis-
sion level urban feeder system.

Throughout this single cable, amplifiers are
working with + 8 dBnV input and + 40 dBmV output
with 32 dB transmission loss spacing for 21
channel operation.

In the "in town" portion of the system this
single cable is not tapped for service drop feeds,
but is split and tapped by directional couplers to
feed conventiocnal feeder type line extenders or
bridger amplifiers.

In the rural sections of the system this
single cable is directly tapped for service drop
feeds and extensions out to 17 miles or so using %
inch cable. The ultimate extension length will
reflect the end of system performance specifica-
tions, of course. One might relax the specifica-
tions somewhat, since only a small number of sub~
scribers is actually fed at the ends of these
extensions.



The identical amplifier is used throughout
this single cable and all output levels are iden—
tical at all stations. This significantly reduces
logistic support and maintenance problems. And
any or all amplifiers are capable of AGC (closed
loop) thermal regulation as required.

The amplifier we have reference to is not a
new design or develomment. In fact, it is not a
unique product of any specific supplier. This
unit, or an equivalent, is available off-shelf fram
several sources. All we are doing is confiquring
the equipment differently in the system and op—
erating it at different transmission levels.

So far, we have confined our discussion to
cost reduction, but earlier we had identified same
other unique problems of small system operations.
Can we respond to these more effectively through
system design or operation?

AN ALTERNATIVE DESIGN FOR SMALLER SYSTEMS

Perhaps we might consider system designs fram
the standpoint of long term system operation.

Let us suppose that every amplifier in a sys-
tam, no matter if it were in the trunk or in the
feeder sub-system, were identical. That is, the
housing and gain module, would in every respect be
identical.

What might the long term advantages be in such
a case?

Obviously, the logistics of spare amplifiers
for maintenance would be much simpler and perhaps a
lower level of staff would be able to handle the
entire system.

Test and maintenance procedures might be
significantly reduced.

For example, suppose instead of designing
closed loop AGC into a system as periodic, lumped
increments of correction, we were able to incor-
porate some AGC into every amplifier. The requir-
ed range of the AGC would reduce, of course, but
the cost per unit would not be much improved by
this. Then we would expect, fram a construction
cost only point of view, that total AGC could be
samewhat more expensive and perhaps unnecessarily
sO.

But fraom a long term operations point of view
same cost penalty might be quite acceptable.

In effect,we would have a system with a very
high level of self-regulation, and, consequently,
a much lower vulnerability, not only to thermal
variations, but to maladjustments of the system by
low level personnel.

Carried a bit further this might make possible
the use of non-adjustable or fixed gain amplifier
modules.

The maintenance process might be reduced to
the lewel of, "Go-No Go" indicators simply to
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isolate the service interruption of failed unit.
Restoration of service might be the straight, plug-
in substitution of a replacement with no measure—
ments or adjustments.

Perhaps, this is a bit too much to hope for
at the moment, but if practical, such a technique
might even find application in feeder plant main-
tenance in the very largest, major market systems
eventually. These systems are becoming more and
more difficult to staff and maintain and since the
majority of the plant involved is limited length
feeder legs, the impact on operating costs of re—
duced maintenance camplexity in feeders might be
very attractive.

From this blue sky point of view we might look
to the small system and its' rural extensions again.

Perhaps the basic amplifier which we have sug-
gested might be equally cost-effective in the
single cable extensions and in the core camunity
trunk itself, could also be usefully employed in
the core camunity feeder sub-system. It is al-
ready operating well above conventional trunk
amplifier levels and might actually be operated at
line extender or bridger output levels also.

But, we are feeding this core oqrmunity feeder
plant fram same limited, but higher distortion
trunk plant, so actually going up to typical line
extender outputs may not be possible. But, we are
free to operate samewhat higher and this would im—
prove the cost effectiveness of this unit when com-
pared to a conventional bridger or bridger plus
line extender cambination.

We were operating the basic awplifier at + 40
dBwW ocutput in 21 channel systems. By increasing
the input and ocutput by only 5 dB, this unit starts
to compare quite favorably in system layouts using
the typical line extender. A study we did at REA
indicates a cascade of 8 amplifiers, operating at
+ 40 dBmv output {(as trunk units), can be followed
by a cascade of 3 amplifiers operating at + 45
dBnV output (as feeder units) and still deliver a
- 52 dB Cross Modulation distortion or better.

It is not necessary that every unit in the
feeder plant be fully AGC equipped, but the option
is available. Thus unusually long feeder legs
could be accommodated by operating the first two or
three units at the lower + 40 dBmvV level and the
last two units perhaps at + 45 dBmv.

An ACG could be provided in this feeder leg
as required by simply inserting the appropriate
additional AGC modules. The field trial previously
mentioned includes some plant constructed in this
manner and we will be reporting the results and
system costs to the industry at large as soon as
possible.

SUMMARY
Much of what we have discussed here is yet to

be proven to have practical merit, but much of it
surely needs no proof. For example, raising op-



erating levels in a limited cascade of a small
system trunk and using higher gain amplifiers in
that trunk is neither radical nor innovative.
Unquestionably it would be econamically beneficial
and it certainly would appear technically sound.

Yet we continue to find 22 dB spacings and
high cost 3/4 inch trunk cables in systems that
are designed only ten amplifiers deep and less.

Technology changes-inevitably and inexorably-—
and it is incumbent upon engineers to not only stay
abreast of these changes but to effectively apply
them in practice when advantageous to do so.

., 'n}ai:'s what good engineering is all about,
isn't 1t?
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A RURAL INSTALLATION OF FIBER OPTICS

CRAIG M. SWINN

COMMONWEALTH TELEPHONE TECHNOLOGIES CORP.

GENERAL: over polyethylene for this application

Construction of the outside plant because of the added resistance to tear
of Commonwealth Telephon Company's T3 and abrasion, crush resistance, and the
digital fiber optic system which began flexibility it imparts to the fiber cable.
on October 26, 1978 was recently com- The outside diameter of this cable is
pleted. The cable installation took .265 inches.

place over an 8 week period. This pro-
ject is one of two similar commercial
fiber optic field trials currently tak-
ing place in Pennsylvania to test two
different approaches in the design of
fiber cables. The Commonwealth system,
which is the more ambitious of the two
lengthwise, spans a distance of 22 km
utilizing four intermediate repeaters
between the north central Pennsylvania
communities of Wellsboro and Mansfield.
The system, which was purchased from
ITT Telecommunications Division in Ra-
leigh, N.C., is being installed in con-
junction with the REA. It serves as
the first commercial field trial of
fiber optics in an operating company en-

The aerial cable was adapted for di-
rect burial by adding a 12 mil coated alu-
minum tape longitudinally applied and an
extruded jacket of low density polyethy-
lene. This type of protective sheathing
meets existing REA specifications for
conventional telephone (copper) cables.
The outside diameter of this cable is
.370 inches. Both types of cable construc-
tion utilized sequential markings on the
outer jacket. These markings were re-
corded at various pole locations, splice
points, manholes, repeater housing lo-
cations, etc. This information will
prove invaluable in quickly locating cable
damage using a TDR test set.

vironment for all three parties. When DIRECT BURIED INSTALLATION
the entire system is completed in early Because of the impending weather
1979, it will carry toll connecting, in- conditions, the buried portion was in-
tertoll, operator and special service stalled first. Installation started near
traffic. With the installation of cable, the Wellsboro exchange in an open field.
associated splicing and repeater housings The cable was plowed to a depth of approx-
completed, this report will deal primari- imately one meter using an International
ly with specific techniques used during Harvester TD15B identical to that used
the installation. by Commonwealth Telephone Company in in-
The optical cable was installed using stallation of conventional copper cables.
four methods of construction: direct The plowing operation varied from very
buried (plowed), underground (duct), easy to difficult due to varying weather,
aerial lashed to existing cable, and geological and topographical conditions
aerial lashed to a new messenger. The along the 13.7 mile route. All fiber
following list shows the approximate optic cable installation was performed
length of the four types of construction. by Commonwealth construction personnel.

. . To monitor possible cable damage
Direct Buried 10.0 km during plowing, an optical time domain
Underground 1.0 km flect £ (TDR) ted to the
Lashed to Existing Cable 3.0 km ret-ectormeter was connecte
Lashed to 6M Strand 8.0 km cab}e. This instrument consists 9f an

oscilloscope with a special plug-in-module

Two types of cable construction were housing for the required TDR electronics.
used. For the aerial portion a totally On the first day of construction the test
dielectric cable rated at 6db/km was set was damaged by an unregulated A.C.
used consisting of five graded index generator. While starting a search, which
fibers individually coated with a colored might have taken days, to obtain a re-
Hytrel polyester buffer laid up with placement for the failed oscilloscope, a
Kevlar strength members and impregnated decision was made to start the plowing
with a filing compound to form a central operation using two alternate techniques
core. The core, jacketed with polyure- to monitor the cable installation.

than jacket. Polyurethane was chosen
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An ohmmeter was connected be-
tween the aluminum cable shield at the
starting point of the reel and a ground
rod driven nearby. A reading on the
meter could indicate a break in the
polyethylene jacket, grounding of the
shield and possible fiber damage. If
a grounded reading was encounted or if
the plow stopped for any other reason,
each of the five fibers was tested for
continuity by shinning a flashlight in-
to the fiber at one end and looking for
received light at the other end.

Approximately 460 meters of cable
on the first lkm reel was plowed when
the ohmmeter jumped. Each of the fibers
was tested using the flashlight techni-
que and no loss of fiber continuity was
found. The ohmmeter reading turned out
to be false. It is interesting to note
that the light emitted from the fiber
looked red rather than white due to the
bandwidth characteristics of the fiber.

The need to communicate between the
plow crew and the personnel at the other
end of the cable required additional
consideration when the radio transceivers
being utilized did not operate satisfac-
torily. A talk path was established
using the aluminum shield and ground as
a transmission medium.

The first day two lkm reels of cable
were buried using these methods of check-
ing for cable damage. However, no dam-
age occurred. Initially, all turns were
made with a large radius in comparison
to conventional cable installation stan-
dards and extreme care was taken to in-
sure the cable was fed smoothly into the
shoot of the plow. Based on our expe-
rience with the first reels, we found no
extra care was required and the cable
could be handled the same as conventional
cables. By the second day, a replacement
oscilloscope was obtained and the TDR was
used to confirm that no damage had oc-
curred to the first two reels. For the
remainder of the buried portion, fiber
continuity and shield ground resistance
were measured only after the complete
reel had been installed.

Various obstacles were encountered
during the plowing operations. A backhoe
was used to trench across small streams
and drainage ditches. For larger ob-
stacles the cable was installed using an
aerial insert. There were a number of
road crossings which were accomplished by
boring under the road and installing 4
inch PVC conduit or by pushing the cable
through existing duct. In one case, about
450 M of cable was pulled back through
the conduit to the last splice point.

The cable was laid on top of the ground
and the plow then buried the cable in
from the splice point to the road crossing.
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During the plowing operation, an
unmarked gas main was cut by the plow.
In addition, due to wet ground conditions,
the pluw got stuck a few times and had
to be pulled out using a cable line truck
and a backhoe. Through all of this, the
cable remained intact with no detectable
breaks in either the outer jacket or fibers
themselves.

Since installation, the cable was
damaged once by a contractor installing
buried electric service to a new home.
Although the route was well marked, the
cable was struck by a shovel while hand
digging the trench. Despite the fact the
outer jacket and metal sheath were da-
maged, the fibers were not broken. Re-
pair was accomplished with VM masking tape.

UNDERGROUND INSTALLATION

The underground construction of the
cable was confined to the existing man-
hole entrance systems at each central
office. The Wellsboro end was 490 meters
long with 6 manholes and two 90 bends.
So that the 4 inch duct could also be
reused for a larger copper entrance cable
and to insure the fiber cable would not
be damaged by such an installatioh, a
1 inch PVC pipe was first installed
through the duct system and the fiber
cable was then pulled inside.

The Mansfield end was approximately
550 meters in length with six manholes
and two 90 bends. The same installa-
tion technique applied at Wellsboro was
used here. Because of the cable's small
diameter, light weight, and tensile
strength, a potentionmeter was not used
to measure the pulling force on the cable.

AERIAL INSTALLATION

About 500 meters of aerial cable was
installed by the manufacturer at a test
site in Roanoke, Va. almost a year before
the installation in Pennsylvania. In
this test, the fiber cable was lashed to
a 6M messenger simultaneously with a 12
pair copper cable. A standard General
Machine Products lasher was used for both
the test and actual cable installations
with no special installation techniques or
precautions. Expansion loops were not
used at any pole locations.

The aerial portion was constructed
over a variety of conditions. 1In the
town of Wellsboro, the fiber cable was
lashed onto existing cables that varied
in diameter from 1 to 2 inches. Over-
lashing was necessary because not enough
space was left on the existing pole line
for a new cable run. Once outside the
town, the cable was lashed to a new &M
steel messenger. This construction went
very quickly and was performed using the
standard 3 man line crew that is used to
install any small telephone cable. One



man climbed the poles to trans-
fer the lashing machine, another pulled
the lasher and a third man pulled on
the cable to keep it from wrapping
around the messenger. No problems were
encountered during the aerial construc-
tion. Production was at the same rate
that is experienced with the installa-
tion of any small telephone cable (ap-
proximately 2 km/day). Since the fiber
optic cable follows an existing aerial
cable route, only a fiber cable was in-
stalled for the entire 22 km. Copper
pairs for power and order wire will be
‘provided from the existing cables.

SPLICING

Fusion splicing was used for this
project. Because electric fusion equip-
ment was not available, a flame method
was used. We spent about a half day
training cable splicers plus additional
training on the job under ITT supervision.
Within a short time, we were able to com-
plete about one and a half splice points
a day. Because of the cold weather, a
tent and heater were needed. Most of
the splicing time involved stripping the
cable and removal of the filling compound
from the fibers. In a few cases, this
process caused some fiber breakage. Extra
care is recommended during this prepara-
tion period to eliminate fiber breakage.
Actual splicing of two fibers took about
10 minutes.

All splicing was done above ground.
The aerial splice housings were pole
mounted while in the buried sections,
housings were mounted in pedestals. This
method allows easy access to fiber con-
ductors in case of trouble. 1In all cases,
slack cable was left at each splice point
to allow resplicing or termination of the
cable. 2ll splicing was performed by
Commonwealth Telephone Company craftsmen.

REPEATER HOUSINGS

Standard ITT Tl span line repeater
housings were modified to house the opti-
cal transmitters, receivers, fault moni-
toring unit, physical pair protection and
other apparatus associated with the nor-
mal and hot standby lines. The housings
are pole mounted and come equipped with a
copper cable stub for connection of power-
ing and maintenance pairs. Because the
unjection laser diode (ILD) sources used
in the repeaters are not thermoelectri-
cally cooled, a special sun shield which
surrounds the housing was designed to
limit high temperatures which are detri-
mental to laser life. The repeaters
themselves are powered by a 140 ma DC
constant current loop using standard T1
span line power supplies and current re-
gulators. It should be noted that this
current requirement is a standard for Tl
systems.
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TESTING

The cable testing will be performed
in two phases. Initial testing was con-
ducted after completion of all construc-
tion and splicing. Tests were performed
between repeater locations to determine
changes in cable loss due to installa-
tion and associated splicing losses.
sequent testing of the fiber cable for
survivability and performance will be con-
ducted on a weekly basis prior to system
turn-up. Apparatus used will consist of
ITT's OFTS-02 portable loss measuring test
sets and the TDR mentioned previously.
Loss readings from section to section
will be recorded and referenced to the
initial acceptance test data. Any sig-
nificant variations from the reference re-
sults will be investigated using the TDR.
Based on the results of the ITT test cable
at Roanoke, Va., no problems are antici-
pated.

Sub-

OTHER SYSTEM CHARACTERISTICS

While this report has dealt primarily
with the installation of the outside plant
portion, there are other system charac-
teristics which are pertinent to the dis-
cussion of this system. The ITT electro-
optic equipment will interface existing
Tl channel banks and span lines through
Farinon M1-3 multiplex terminals equipped
with both low and high speed protection.
This system has a capacity of 672 channels
over one pair of fibers. While the sig-
nal .between the M1-3 equipment and the ITT
terminal equipment is at the standard 45
Mb/s rate, the line rate over the cable
is actually 47 Mb/s. The increased bit
rate is due to parity bit addition/re-
moval circuitry in the ITT terminal equip-
ment. The additional bits will be used to
provide in-service error monitoring and
reporting functions at the repeater points,
terminal and line looping for test pur-
poses, and hand shake routine between ends
to coordinate simultaneous automatic
swithcheover and restoral. In addition, a
microprocessor controlled alarm reporting
system to reduce the possibility of sys-
tem outage due to component failure and
also ease troubleshooting will be provided.

SUMMARY

The conclusions drawn from our ex-
perience to date indicate that basically
the same construction methods used for
conventional cables also apply to fiber
obtics. We feel that fiber optics will be
the telecommunication medium of the near
future. In certain high density applica-
tions, fiber optics now proves in econo-
mically in comparison with conventional
cable and microwave systems. In addition,
it offers greatly improved transmission
quantities and qualities, ease of instal-
lation, reduced maintenance and the capa-~
bilities of providing the distributed



broadband services of voice, data, and
video to our customers. With all of

this in mind, the obvious answer to the
question, "Why fiber optics?", is WHY NOT!
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A UNIFIED APPROACH TO DATA TRANSMISSION

OVER CATV

THOMAS E. O'

JERROLD DIVISION, GENERAL

ABSTRACT

Many feel that data services will compel both
rural and urban cable systems to form a national
communication network. Concurrance of video and
data services can be achieved through establish-
ment of CATV data transmission standards. The
characteristics of data transmission, including
channel capacity, bandwidth, signal to noise
ratio, modulation, error rate, error detection
and encoding methods are investigated, a distrib-
uted processing complex supporting multiple ser-
vice offerings is detailed and finally, a full
set of quantitative parameters for CATV data
transmission 1is recommended.

INTRODUCTION

Through the 1980's and beyond, the
quality of life will be improved in many
different ways. A large part of the an-
ticipated enrichment will accrue through
progress in communication technology, as
it applies to the common man. CATV net-
works, initially constructed for the pur-
pose of bringing entertainment to rural
areas, are now being built in major cities.
By the end of this decade, interconnection
between individual systems will enable the
carriage of information over a national
communication network.

The CATV manufacturer stands today,
on the threshold of a challenging oppor-
tunity. As the emphasis within the net-
work shifts from entertainment toward in-
formation, the equipment and techniques
offered to support the needs of CATV
operators must remain viable. Engineering
philosophies now being developed, must be
designed to fulfill not only the current
requirements, but also the needs of the
future. It is, therefore, prudent to
establish a set of guidelines for data
transmission over CATV networks. The in-
dividual characteristics embodied in such
a philosophy, are too numerous to explore
in detail; however, it is instructive to
identify the major technical implications
and the resulting benefits of the approach.
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INFORMATION TRANSMISSION

All information passed through a
communication system is degraded to some
extent by distortion and the addition of
interfering signals and noise. The de-
gradation results in decoding uncertainty
(error rate) whose tolerance is somewhat
application dependent and, in general, may
be improved by reduction of information
rate and/or higher system cost. A suit-
able philosophy should, therefore, allow
for variations in modulation method, band-
width, error rate and carrier frequency
assignments, while providing established
guidelines for channel usage, signal levels,
interference with other signals and com-
patability with other equipment and ser-
vices on the CATV network. Before propos-
ing parameters for CATV networks, it will
be helpful to review the general problem
of information transmission.

Figure 1 illustrates the data trans-
mission system as it applies to CATV net-
works. Although a one-way system is shown
for simplicity, the concept is the same
when extended to two-way.

Date Demod- Data
In Filver o > vlator ont
caple

Figure 1
Data Transmission System

The system consists of a modulator,
transmission path (CATV cable network)
and demodulator. The filters, whether
part of the transmission process, or used
intentionally, are necessary to assure
adequate signal to noise ratio. However,
they also reduce the ability to separate
the individual transmitted bits, which is
called intersymbol interference. The in-
formation handling capability of the
transmission system, or the maximum rate
of transmission of data over the channel,
is referred to as the channel capacity.
The maximum possible rate of transmission
of binary digits over a channel limited
to bandwidth W, with mean signal power S
and mean noise power N, was found by
Shannon+ to be given by

C =w log, (1 + S/N)



It should be noted that in order to
achieve this rate, the information must
be coded in the most efficient manner
which will generally involve highly
complex circuitry and incur large time
delays in transmission, It is evident
that for a specified channel capacity,
bandwidth and signal power can be ex-
changed for each other. The modulation
method is essentially a means for effect-
ing this exchange, however, the process is
highly inefficient since one must increase
the power exponentially to effect a cor-
responding linear decrease in required
bandwidth. It should be obvious that
in CATV systems, direct transmission of
baseband data is not practical due to
the amount of bandwidth required. 1In-
stead the whole spectrum is shifted to a
higher frequency by modulating an RF car-
rier. This process gives rise to upper
and lower sidebands and hence, the re-
quired bandwidth is doubled.

As indicated above, virtually error
free digital transmission could be achieved
(provided channel capacity is not exceed-
ed), by appropriately coding the binary
message sequence. Specifically, at a
binary transmission rate of R bits/sec.,
if R<C it may be shown that the probabil-
ity of error is bounded by

Pe < 2-E(R,C)T R<C

as shown in Figure 2. As the transmission
rate R approaches the channel capacity

the probability of error approaches 1.

The parameter T indicates the time re-
quired to transmit the encoded signal.
With the transmission rate and channel
capacity fixed, the probability of error
may be reduced by increasing T.

E(R,C)

0 1 R/C
Figure 2
Probability of Error vs. (R,C)

A great deal of research activity is
being devoted to the investigation of
various modulation and encoding methods.
This work froms the basis of communica-
tion theory.

MODULATION METHODS

There are essentially three ways of
modulating a sine wave carrier: varia-
tion of its amplitude, frequency or phase

in accordance with the transmitted infor-
mation. These are commonly known as ASK,
FSK and PSK respectively. FSK systems
perform better than ASK, while PSK sys-
tems perform still better. The major
factors affecting the selection of mod-
ulation method lie in the demodulation or
detection process. The two commonly used
detection methods are envelope detection
and synchronous detection. ASK may use
envelope detection, FSK may use differen-
tiation (to convert frequency variation
to amplitude variation) followed by envel-
ope detection, while PSK requires synch-
ronous detection. Synchronous detection
requires a locally generated receiver
clock of the same frequency and phase
synchronized or slaved to the transmitter
clock to within much less than a fraction
of a cycle. This is difficult and costly
to achieve in practice, for example, at

a data rate of 3.5 MHz the required accur-
acy is much less than 60 nanoseconds. The
signal to noise ratio of AM versus FM is
also important. As indicated previously,
widening the transmission bandwidth (as
is required for wideband FM) improves the
signal to noise ratio. With AM, the sig-
nal to noise ratio is linearly dependent
on carrier to noise ratio and cannot be
improved. In fact, any bandwidth in-
crease beyond what is actually required
serves only to increase noise, thereby,
lowering the signal to noise ratio. With
FM, as illustrated in Figure 3, it becomes
obvious that significant improvement in
signal to noise ratio is possible by
increasing the modulation index at the
expense, of course, of increased band-
width. Notice that the signal to noise
ratio beyond the 12 dB carrier to noise
point, results in a constant linear
improvement of 382, where g is the mod-
ulation index - the ratio of FM deviation
to modulating frequency.

Frequency modulatio
system with
conventional
demcdulator

Linear modulation

system with ideal
product demodulator

Signal to

noise ratio

output

(dB) Threshold of full improvement
Noise Threshold
B
0 9 12

Carrier to noise ratio input (dB)

Figure 3

The resulting increase in bandwidth
is illustrated in Figure 4. Notice that
the AM spectrum consists of only one pair
of sidebands per sinusoidal component of
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the modulation signal and has an effect- in bursts as shown in Figure 6, whereas

ive bandwidth of 2Fm. The FM spectrum with FDM once the channel is selected,
has multiple pairs of sidebands, and an all the data is intended for the individ-
effective bandwidth of 2Fm + 2AF (where ual receiver. Channel capacity, as pre-
AF is the frequency deviation). The viously indicated, is a function of chan-
noise improvement factor of FM is pro- nel bandwidth and signal to noise ratio.
portional to the ratio of AF to Fm. This Consider the 6 MHz bandwidth allowed for
improvement corresponds to wide trans- a TV signal. With 10 4B signal to noise
mission bandwidth (B>>1) and better than ratio, the highest usable data rate using
10 dB carrier to noise ratio. With ASK is about 3.5M bits/sec. Compared with
narrowband FM (B<l) the deviation is con- FSK at B = .6, the available 6 MHz
strained to produce a bandwidth of 2Fm accomodates 62 channels of 56K bits/sec.
(as in AM), therefore, no signal to noise which is 3.47M bits/sec., or roughly the
ratio improvement over AM can be obtained. same channel capacity. There are numerous

"holes" in the cable spectrum as shown in
Figure 7, which are too narrow for con-
ventional video services, for example, the
One pair of sidebands per FM band. Virtually, every cable system
modulation sine component has FM channels which are unassigned, and
Bandwidth = 2 Fm are essentially wasted bandwidth. Data
services in such holes can provide a new
Fe revenue source, while not reducing the
FM capacity for carriage of traditional ser-

vices. Since no two cable systems have
Multiple sidebands per the same spectral holes, however, a mech-
modulation sine component anism is needed to allow the terminals to
Bandwidth = 2AF + 2 Fm | ‘ tune themselves to the desired channel.

L ) Recent advances in integrated circuit

Fc technology make accurate and inexpensive

Figure 4 frequency control systems not only possible,
quality. The selection of technical par-

but cost effective as well.
ameters should, therefore, be tied to the

application of the information. For ex- il A ; i
ample, in a Teletex application, a decoding
error in received data may show up on the
screen as a missing letter. The viewer
will seldom object to this, because the
value of the missing character can usual-
ly be implied from the context of remain-

ing text. On the other hand, an error
byte in a banking transaction could have
drastic implications.

FSM vs. TDM

AM

With the previous emphasis on signal
to noise ratio, it is important to note
that various methods have been devised for
coding, modulation, and demodulation of
digital signals for the purpose of match-
ing the data integrity with information

Figure 6
Data Rate Receiver vs. Multiplex Method

FM Broadcast Band (88-108 MHz)

The two methods of simultaneous trans- pata Broad Broad Broad Data Broad Broad Data Data Broad
mission of several band limited signals on Teast Toast “east Teast meast Toae
a channel are frequency and time division Figure 7
multiplexing. In frequency division sys-
tems, all of the signals are modulated on FDM FM is particularly interesting
different carriers and transmitted con- from the viewpoint of interfering carriers.
tinuously. In time division systems, all Figure 8 illustrates the allowable inter-
of the signals are mixed in time and mod- ference carrier level versus fregquency
ulated on a single carrier, each signal for an FM transmission with a minimum sig-
occupying a distinct time interval. TDM nal to noise ratio of 10 dB and modulation
seems to offer a cost advantage, in that, index of 5. Notice that an interfering
only one carrier need be generated and carrier within a +200 KHz range of the
relatively simple circuits can separate desired carrier need be only 6 dB down to
the data intended for each distination. be essentially rejected. In fact, an
With TDM, the data intended for any interfering carrier +400 KHz away can be
individual receiver will occur as high as 25 dB above the desired carrier

without degrading data reception.
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It should be noted that the MFM
scheme makes use of previous bit history
to reduce the baud rate, with no apparent
increase in bandwidth. The advantage of
this technique is somewhat negated by
the requirement for a preamble to acquire
clock synchronization. A preamble is a
known bit pattern appended to the front
of each message.

4 +40 dB

T+ +30 dB

ERROR DETECTION

[ -10 aB
As we have seen above, error proba-
bbbt et - bility in digital transmission is a direct
-400 =300 -200 -100 100 200 300 400 function of signal to noise ratio. If,

for a given application, the signal to
noise ratio is maximized and the error
Figure 8 rate is still unacceptably high, then
FDM FM Interfering Carrier Rejection error control coding can provide the
solution. Error control coding is simply
the calculated e of redundanc where
The multiplex method, therefore, should extra bits gi wgids (or both) aié added to

INTERFERENCE FREQUENCY (KHz}

be selected on the basis of cost, available the message. They convey no new informa-
space, and desired error rate. tion themselves, but make it possible for
the receiver to detect or even correct
DATA ENCODING errors in the information bits. A multi-
. . tude of error detecting and correcting
Th? maximum baud rate inferred from codes have been devised to suit various
Shannon's capacity is 2W elements/sec. or applications. They may be used alone or
2 bau@s/sec. for every pertz of available in combination, for example, a single par-
bandwidth. The signalling rate (or baud ity bit on each transmitted word, and a
rate as it is commonly known) which is longitudinal checksum on the entire message.
defined as the minimum elapsed time in- For many applications, errors can be rend-
terval between successive signal elements, ered harmless if they are simply detected
places an upper bound on the achievable with no attempt at correction. 1In a two-
data rate. This limit relates to the data way communication link, the fact that an
encoding scheme in terms of the number error has been detected can be sent back
of transitions per data cell or baud/bit. to the transmitter for appropriate action,
Figure 9 shows some commonly used data namely, retransmission.
il;lg llglll;lUllllnor-llixnd!abltl’lﬁc) . ?EA—DE—NR
bc 0.5 1.0 1.5
* 1J1J1JJWTJI1I1LJI1 : There are many application similari-
e W e W | ties regarding data communication when
- — ! viewed from the data processing end of the
o LTI ! CATV network. Figure 10 shows the headend
@iphase | ] l ‘ | I l I I — .
we TULAAUULY el -
Figure 9 - comsosian
encoding schemes. Three factors are in- 41__ ﬁﬁﬁ ®
volved in the selection of an encoding L e seconter ar | om
scheme: éij E I ey [$¥%ren
1) the ratio of maximum to minimum fre- Eﬁ; PrwrinG
quency which defines the detector T
passband filter characteristic [ij% T
2) the inverse of the minimum time be- — ! l l I

tween transitions or baud rate which

defines the upper bandwidth limit ceERATOR TERMINALS

3) the presence of a DC component which Figure 10
defines the bandwidth lower 1limit,
precludes the use of AC coupling in equipment complex for controlling a vari-
the detector, and requires the use ety of two-way services. Note that sepa-
of a separate transmission method rate controllers are used for each service
for the bit clock. type, along with the peripheral compli-
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ment required by the application. This
functional distribution of computing power
leads to the following advantages:

1) the controllers can operate standalone
because of minimum application re-
quirements (ie: cost), of the central
computer is shut down for repair or
maintenance.

2) if a controller needs repair, only
one service is affected.

3) services may be added through standard
interface modules

4) the central computer need not occupy
the same physical premises as the
controllers

5) one central computer may serve multi-

ple cable systems through the use of
more than one controller of the same

type

The data path between the central com-
puter and each controller uses a standard
communication protocol such as X.25. This
allows each controller to use the same type
interface hardware and, in a non co-located
application, permits the use of standard
telco communication links.

Figure 11 shows the recommendations
for the central computer and the inter-
face between the central computer and the
rest of the system. Figure 12 lists the
controller to central computer and con-
troller to digital communication hardware
interface recommendations. Note that the
signalling speed is either 3.58 MHz or a
submultiple of it. This technique per-
mits the use of low cost crystals in sub-
scriber terminals and simplified clock
regeneration in coherent detection schemes.

Central Computer
CPU Type:

Word Length:
Mass Storage:

mini or midi
16 or 32 bit
Winchester disk

Capacity: 1K bytes/sub/service
Terminals: Intelligent
Capacity: 64
Speed: 9600 BPS
Electrical: RS-232C
Protocol: X.25
Figure 11
Controller

Central computer interface

Data link: Serial line

Capacity: 16

Speed: Selectable (up to 38.4 KBPS)
Electrical: RS-424cC

Protocol: X.25

CATV Network Interface

Data link: Serial line

Impedance: 75 Ohm co-ax

Voltage: TTL (0=0.8v, 1=2.0V)

Speed: Selectable (up to 3.58 MBPS)
Coding: Manchester biphase

Figure 12

A list of recommended bit rates is shown
in Figure 13.

Divide Ratio Bit Rate
1 3.58M
2 1.79M
4 895K
8 447K
16 224K
32 112K
64 56K
128 28K
256 14K

Figure 13

The CATV network interface consists
of the modulators necessary to convert
the preformatted digital data to RF sine
wave carriers and demodulate the upstream
carriers in a two-way system. Figure 14
describes the recommended RF parameters
applied to the CATV network, showing the
application dependence described above.

APPLICATION TV GAMES PAY TV i SECURITY TELETEX HOME SHOPPING
DOWNSTREAM

Aultiplex ron - - Tom ron
Modulation rSK reK 5K ASK rSK
Bandwidth +200 KMz +200 KHz +200 KHz o miz +100 oz
Coding Biphase Biphase Biphase wnx Biphase
Error Method parity + checkpum ———— o cac
Protocol unique Prestel HOLC
Bit Rate 14 xuz 14 KRz 1¢ xux 3.50 miz 28 XNz

UPSTREAN

Multiplex - rom - roR
modulation PEK PSK (5 5K
Bandwidth 2200 EMx 2200 KNz +100 NHx +100 KHx
Coding H/A “Biphase o Baphass Fiphase Biphase

Error Wathod -parity + checkesum —————ee e che
Protocol BDLC
Bit Hate 14 Xhz ! 14 XHz l 29 Khx 29 KNz
Figure 14
SUMMARY

With CATV equipment manufacturers
rushing to respond to- the demand for data
services, now is the right time to estab-
lish standards for data transmission. The
development of guidelines must begin with
an understanding of transmission schemes,
CATV networks, and the equipment used to
provide data services. The parameters of
data transmission have been discussed
along with some comments and recommenda-
tions on channel usage, data rates, en-
coding techniques and the various trade-
offs involved. The philosophy embodied
herein is intended to provide incentive
toward the establishment of universally
acceptable data transmission standards,
designed to achieve harmony between data
and video services. Once established,
standards will enable CATV manufacturers
to produce fully compatible equipment for
both current and future systems, while
avoiding product rejection or early
obsolescence.

1 C.E. Shannon, Communication in the
Presence of Noise, Proc. IRE, Vol. 37,
pp. 10-21, January 1949



ADDRESSABLE CONTROL

CHARLES O. EISSLER

OAK COMMUNICATIONS, INC.

ABSTRACT

This paper presents a marketing oriented view
of addressable control for cable systems.
""Addressable control" deals with the ability of a
cable system to deliver specific tiers of program
material to specific subscribers.

With the spread of premium programming
(pay TV) in the cable market, the CATV business-
man is confronted with two problems. He must be
able to deliver specific kinds of premium programs
to subscribers who desire the service. Secondly,
he must protect his investment in premium program
material from theft. The techniques which will
accomplish these two tasks are avallable today.

A key element in this system is a home
terminal that has a unique and unchangeable
identity. The terminal responds to commands from
the headend. The terminal can be preauthorized
to descramble programs that have a tag identity
which corresponds to those tlers of programs that
the subscriber has ordered.

A small computer stores all information which
pertains to the addressable system. The pre-
authorization data is sent to each terminal during
a global address of the system. A program tag
identification is sent with the program itself.

Addressable control also allows for future
premium service requirements.

INTRODUCTION

This paper describes a system to add headend
control to cable television operations. Today,
the cable television industry is presented with
new opportunities. These opportunities lie in the
distribution of multi-tiered premium services to
subscribers. 1In order to deliver these multi-
tiered services, newer techniques in program
security, delivery and control must be employed.

Premium entertainment programs are the first
of a number of services that the cable system will
handle before the end of the decade. Text infor-
mation services, electronic funds transfer are
examples of future services that will also require
addressable control.
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This paper will consider the problems which
confront the CATV operator. Then, the addressable
system will be treated in a general descriptive
manner. Next, we will consider the hardware, the
data requirements and the software. Finally, we
will consider some trade-offs involved with
addressable control.

THE NEED FOR ADDRESSABLE CONTROL

The cable television industry is experiencing
a new business climate. As the product being
distributed increases in premium content, greater
investment in program material 1s required. The
product increases in value to those who want to
view the programs. The CATV operator must be able
to deliver specific programs from his multi-tier
offerings to the subscribers who desire them. He
will also have to protect these programs from
theft by those who are unwilling to pay for value
received.

As the variety and value of premium programm-
ing increases, the problems confronting the cable
operator will also increase. He must be able to
deal with more than one premium channel of
information. Efforts to steal the program often
lead to theft of or tampering with the home
terminal.

Some older problems intensify as a result of
the greater premium content. The operator must be
able to collect for services, but with the
improved services he will be collecting a larger
bill. He must be able to efficlently terminate a
delinquent subscriber should it become necessary
to do so.

Opportunity also increases as a result of the
growth of premium services. You have a greater
varilety of premium and special event material to
sell to your subscribers. But first you must be
able to protect the material and deliver it to
specific subscribers.

In short as premium content increases, so
does the need for headend addressable control.

SYSTEM OVERVIEW

Mature addressability techniques are
available and are being applied in the industry
today. These techniques were originally developed
and applied in STV (over-the-air subscription
television). Since any broadcast TV receiver could



receive the UHF frequency of the STV station, 1t
was necessary to scramble the premium program prior
to transmission., Viewers who wished to subscribe
to the premium service were equipped with a
decoder. WWhen properly addressed and authorized,
the decoder descrambled the picture. These tech-
niques have been utilized in STV for the last four
years. Today, they deliver premium STV services

to over one-half million subscribers.

These techniques were refined for the cable
industry. The ability to offer a number of tiers
of service, reflecting the broader capability of
cable TV, was added. Today 12 major cable systems
are delivering multi-tiered addressable services
to their subscribers. More than 120,000 address-
able home terminals are in service today.

SECURITY

Addressable control has two dimensions,
delivery and denial. One must be able to withhold
the premium service from those who are unwilling
to pay for 1it. Since security is one element of
addressable control, it is appropriate to review
various methods of withholding programs.

Security techniques have been classified by
our industry as "soft" or "hard" depending on the
degree of difficulty required to defeat them.

Soft security usually leaves program material in-
tact but attempts to deny non-subscribers access
to it. Hard security, on the other hand, makes the
program material unintelligent before it leaves
the headend and allows the scrambled picture to
come through.

Examples of soft security are negative traps,
positive traps, and the use of converters.

Soft security arrangements have provided an
adequate degree of premium program protection for
some systems in the past. However, for address-
ability it 1s necessary to be able to control the
security or program accessabllity from the headend.
Soft security arrangements lack the headend
"controllability'" required for an addressable
system,

Hard security arrangements in use today
involve encoding or scrambling of the picture so
that it cannot be received by a normal television
receiver. Two methods 1n use today are gated sync
supression (Figure 1) and sine wave sync supression
(Figure 2),

In both cases, the horizontal sync pulse is
supressed about 6 dB. The television receiver
horizontal phase locked loop then keys on random
video peaks and the picture is not started properly.
The resultant picture is unwatchable. The function
of the decoder is to restore the horizontal sync
pulse to 1ts proper relative amplitude. 1In the
sine wave sync supression arrangement, the de-
scrambling signal is a sine wave that 1s sent
through as part of the program material. When
properly applied, this cancels the scrambling wave
form and the subscriber receives a correct picture.
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R L | oy | N8 |
SCRI{‘\l’JngENG 0 g —
odb
4 L L ||
scmuouo o0-- (wf\m‘vhﬂmumﬂ[u
DE?SEIPG 0----]— (?d—B |—- F F

FIGURE 1

WAVE FORMS — SINE
WAVE SYNC SUPPRESSION
NORMAL

ORMAL \:IW"H/‘/\‘/\”\"(/V/(H/A
SCRAMBUNG\ [\ /\ / 5
SINE

e NTFS
SCRAMBLED O\ A
VIDEO

DECODING 0 6B /\

SINE

e N S \/

FIGURE 2

Both methods of sync supression scrambling provide
effective hard security and can be controlled from
the headend. The sine wave type of sync supression
is totally "in-channel.”" It can be used with
broadcast transmission and also is applicable
through all elements of a cable system.

We have retained the reliable time tested
techniques of sync supression scrambling for the
addressable system. We have added a time varying
element so that home terminals from a previous
period cannot descramble an addressable program,

One additional word about program security is
in order. One needs to attain a degree of security
that is "commercial rather than perfect. A
"commercial" degree of security is one that will
support a profitable business. '"Perfect" security,
if achievable, is expensive.

Mow we turn our attention to the addressatle
system itself. We will describe the general system
operation. Consider the hardware required, then
the software, and finally the trade-offs for
addressable control.



A Key element in the addressable system 1s a
home terminal containing a microprocessor which
can respond to orders from the computer at the
headend. This home terminal has a unique identity
which it was given when 1t was built. It can be
addressed and will react as an individual unit in
the system. Control center, headend components
and software are elements of this addressable
system, The system 1s one-way and 1is applicable
in existing one-way cable plants. The addressable
information can be passed through all elements of
the cable plant.

Two kinds of data are involved in the
addressable system. They are address data and tag
data. The address data is generated by a CRT
terminal and 1s stored in the computer in the
control center. The computer periodically cycles
through the address information and feeds it to a
controller.

When an individual home terminal receives
address information, corresponding to its unique
address, it does two things. It enables the
terminal to operate and it preauthorizes de-
scrambling of programs with certain tag identifi-
cation.

The second kind of data required is the
program tag information. The tag identifies the
specific program category or channel. When the
program being offered contains a tag identification
that the decoder is preauthorized to descramble,
the viewer will receive the unscrambled picture.
The program tag information is conveyed in-channel
on the audio RF carrier.

The individual home terminal must receive
these two kinds of data before it knows what to do.
The address and tag preauthorization must be
included in the authorization information from the

If the subscriber is delinquent or if the box
was reported stolen, it is so identified. Authori-
zation is withheld in the "global" address (the
periodic address of the entire system) and the
terminal does not function.

HARDWARE

The hardware required for an addressable
system is in three equipment groups. These are:
the control center, the headend and the home
terminal. The control center and the headend are
diagramed in Figure 3. The control center consists
of a computer, one or more CRT entry terminals and
may include a printer for hard copy. Also, at the
control center is a CATV controller and a FSK
generator. The computer stores and furnishes the
address and tag level preauthorization. It also
stores the customer file. The customer file ties
individual box, address and serial number to
customer name and physical address. The CATV
controller converts the data from the computer into
pulse width modulated serial data. The FSK
generator provides the medium for transmission of
this serial data stream over the cable system.

The computer 1s an IBM Series I. This
computer is configured with 64 megabytes of hard
disk memory and 128K of volatile memory. The
computer allows up to 20 asynchronous I/0 ports
for CRT operator terminals. Other peripherals may
include a line printer and a bar code reader. Our
IAS software program provides for handshaking
between the addressablé system computer and the
cable system's host computer.

The second equipment group is the headend,
which may be remote to the control center. If
remotely located, the headend and control center
are linked by coaxial cable. Fach scrambled
channel has a tag generator, a scrambler, an IF

computer. The program tag is transmitted with the interface and a modulator. The tag generator adds
program. the tag level identification to the program
material. The scrambler generates the hard
FIGURE 3 ADDRESSABLE SYSTEM
CONTROL CENTER
CRT L .1 IDMm S N FSK.
TERM SERIES | CONTROLLER GENERATOR
COMPUTER
VIDEO #1 IN HEAD END
1
TAG SCRAMBLER MODULATOR COMBINER [~ ==
GENERATOR AND IF. #1
#1 INTERFACE  f——— — CADLE
VIDEO #2 IN
TAG SCRAMBLER MODULATOR
GENERATOR r===1 ANDIF. #2
#2 INTERFACE ~ ¢======- -




security for premium channel protection. The hard
security employed is sine wave sync supression
with a time varying element. The IF interface
imposes the scrambler signal, the authorization
data and the tag information on the carriers for
the specific channel. The modulator performs the
normal modulation function.

The home terminal is a keyboard controlled
unit with infrared wireless remote option. (See
Figure 4). The model currently in service is an
addressable converter/decoder. It will control 16
tiers of premium programming. The remote trans-
mitter has the same keyboard control as the main
unit,

FIGURE 4

The home terminal has an on/off function as
instructed by the control center., This assures
that a floating terminal, such as one that has
been stolen, will not function. Publication
of this fact, especially at the time of installa-
tion, will decrease box theft. Also, the terminal
must receive data regularly in order to retain its
authorization, 1f the data stream is interrupted,
by disconnecting the input for more than 10
seconds, authorization is lost. If the box has a
legal, paid-up status, 1t 1s automatically reauth-
orized by the receipt of authorization data after
reconnection.

In the event of a power loss, the unit
retains authorization from 3 to 10 minutes. When
power 1s restored or when the unit is plugged In
agaln, the box is reauthorized when its address is
included in information sent from the headend. A
parental keylock option is operable on program
level 8 or can be applied to 2 levels — 7 and 8.
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On terminals with keyboard channel selection, the
parental keylock option allows up to 10 permitted
channels to be locked into the program recall
sequence,

The address data itself is a formal 32 bit
self-clocking word. The computer sends out each
address word twice and moves on. The data rate is
15.7 X4z, Therefore, a total of 12,500 subscribers
are addressed each minute. The address data
carrier is 104.75 or 112.7 MHE7in the FM band.

The data bit error rate is 10 . This means that
about one data error may occur per day in a 100,000
subscriber system and it would be corrected with
the next data transmission.

SOFTWARE

A complete software program exists and is
illustrated by the menu as follows:

"Enter Boxes" The terminal serial number,
address and run number is entered. The cable
operator recelves this information by means of a
diskette packed with the shipment,

"Customer File" Includes a customer name,
account number, home address, billing address
and authorization level desired.

"Install Customer" Links the customer and
the box. This also enables the Installer to run
an "in-home" test for proper box function.

"Unsuccessful Install" Clears certain
records in the event that the box is performing
improperly.



"Reauthorize Customer" Sends a single
message to an individual box to reauthorize that
box.

"Hold/Release" 1Is used to withhold service
when a subscriber is delinquent. Releasing Pputs
the customer back into the currently active status.

"Stolen Box" Suspends service to a box that
has been reported stolen., It places the box
address in the global file to deauthorize the box.

"Found Box" Reactivates the terminal in the
system if certain other conditions are met.

"Disconnect Customer" Cancels the service
permanently. It also changes the status of the
box from "installed'" to "in stock."

"Display/Alter Customer Box" Changes certain
customer data but leaves box data unaltered.

"Box Test'" Allows either the data entry
clerk or the installer in the home to run a test
of box functions while checking a customer
complaint.

"Assign Channel Authorization" Allows the
tagging of certain channels to be done remotely
at the headend.

The IAS program with its handshaking
capability between the addressable system computer
and the host computer provides for interfacing
billing and business functions. The capability to
control special event programming is also built
into the software.

TRADE-OFFS

A thorough financial analysis must be made
by the cable operator who is considering an
addressable system for premium TV. Comparison
ghould be made between a gystem with headend
addressable control as opposed to just adding
security to premium channels. The question to be
answered is primitive. "Will I make more money
with headend addressable control or without 1t?"

When compared to a non-addressable system,
there are added costs due to the mini computer,
added headend components, and the more sophisti-
cated home terminal, However, there are off-
setting factors. These include the added revenue
from the sale of additional tiers of entertainment
which were added as modest incremental system
costs. The addressable control also facilitates
the sale of special event programming for
increased revenue.

Another trade-off is the increased operating
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efficiency due to improved headend control as
opposed to requiring service calls to change
subscriber program tiers.

The addition of addressable control will
minimize and perhaps prevent some problems
associated with premium TV. Program security is
improved by the "hard security" scrambling. Box
theft 1s minimized when it 1s publicized that the
stolen and unauthorized terminals do not operate.
Tampering and attempts to relocate equipment
decline when it is demonstrated that an interrup-
tion of data flow deauthorizes the terminal,
Accounts receivable become more current once the
operator demonstrates the ability to suspend all
service from the headend.

On a more positive note, addressable control
provides the cable operator with the ability to
offer an improved level of service to his customer.
He can deliver the selection of program tiers that
the specific subscriber wants. He can change the
program quickly with little cost. With mail or
telephone prearrangement, he can offer special
events to his subscriber. Many marketing tools
are available to the cable operator. He only needs
to apply his own creativity.

When considering an addressable system today,
the cable operator 1s faced with several options.
He may choose to extend his bandwidth channel
capability and utilize fairly fixed soft security.
Or he may choose to add several tiers of hard
security that will provide program selection from
today's choices. He may intend to include headend
addressable control at a later date. But why wait?

The premium entertaimment market is developed
and available for exploitation now. An adequate
number of premium programs exist. The industry
is on the threshold of another expansion of these
programs. Why install a system that will require
a service call to change out a box or to revise a
trap when the subscriber wants a new program? It
could be done quickly by a data entry clerk who
would simply type the information into the CRT
entry terminal.

This same addressable capability will allow
the cable operator to increase both subscriber
satisfaction as well as his own revenue by
offering special event programming.

THE FUTURE OF ADDRESSABILITY

The 80's will present many challenges and
opportunities to the cable system operator. Head-
end addressable control is an essential element to
help the CATV industry meet these future
challenges and exploit resultant opportunities.



ADDRESSABLE CONTROL - A BIG FIRST STEP TOWARD THE
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Addressable Control... is it the
final step in the evolution of multiple-
programming services on cable, or rather
a first big step toward a 'new beginning'
for the industry? Pioneer believes the
latter, and has accordingly developed a
System the company believes is 'One Single
Solution' to every Cable Operator facing
the step up to Addressable Control...and
beyond! The key to the approach is a
'Family' of co-existable Subscriber Term-
inals suitable for virtually every
conceivable need envisioned in a one-way
or two-way cable system.
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Addressable Control~-"remote control"”
of a CATV subscriber's channel reception
capabilities from a convenient, central-
ized "HUB" point within the cable system--
finally has achieved a solid foothold on
our industry. Over the last several
decades, the cost of the computer tech-
nologies necessary to provide addressable
control has plunged. Meanwhile, cable
system installer/technician labor costs.

. .especially when "fully-loaded"” with a
vehicle, tools, und an abundant supply of
Mad Dog Repellant for those backyard
easements have soared. At the same
time, a multitude of relatively low-cost
Premium Programming Packages available

by Satellite have evolved, along with a
"tiered service" concept for marketing
them, creating the most important element
of the equation that now makes the addres-
sable control concept so attractive: a
crying need. The mobility of the average
American is raising the typical cable
system's "churn"...the rate of connect/
disconnect of subscribers...to all-time
highs. And now we have yet another "turn-
over" to accomodate...an "intra-tier"
churn as subscribers "pick and choose"
among the tiers of service made available
to then.

"Manual Control" ~ a physical trip to
the subscriber home for every connect,
disconnect, or service "tier" change.
"Addressable Control" - accomplishing the
same thing remotely by simply typing in a
command into a keyboard at the cable
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office. The ultimate payback of Addres-
sable Control is so obvious, it needs no
further elaboration. It is not hard to
see why some CATV industry experts predict
that within the next decade, over 80% of
American cable homes will be equipped with
"Addressable Control" devices.

But, is the widespread industry accep-
tance of "Addressable Control" of each
subscriber's programming the culimination
of years of progress for cable, or might it
actually be the first solid sign of a whole
new destiny for our industry? Could it be
that the computer technology called
"Addressable Control" will eventually breed
such changes in our industry that some day
"cable television" might even be a misnomer
for the services we provide?

At Pioneer, we view Addressable Con-
trol as not an end, but rather the start
of a new beginning for cable. A first big
step toward bringing down to earth a lot of
the "blue sky" promises we've been hearing
for years. A first big step toward the
marriage of computer, cable, and the con-
sumer.

At Pioneer we aren't guessing...we're
just observing. Closely.

We see the strong government deregula-
tion trend that frees cable of the con-
straints which have previously hindered its
development, but which is also destined to
stimulate other competing industries like
STV, telephone, broadcast television, and
low power TV, to compete with cable for the
delivery of the coming 'new services'.

We see an industry bolstered by such
consumer acceptance that it can continue to
attract heavy capital investment despite a
recessionary economy.

We see many Cable Operators like
Warner-Amex, ATC, Times-Mirror, Cox, part-
icipating in development and field testing
of assorted versions of the 'new services':
home security, home shopping, home banking,
information retrieval.



We see, throuch companies like HBO,
Nickoleodeon, Showtime, ESPN, the impetus
that simple 'packaging' of programming
into easily-managable satellite-fed chan-
nels has given to the pay-TV industry.

We see the growinag recognition by
Bdvertising Industry giants like J. Walter
Thompson, Ogilvy and Mather, Young and
Rubicam, and the nation's largest retailers
like Bristol-Myers and General Foods, of
Cable Television as a powerful medium for
marketing their products to consumers.

We see the soaring interest in cable
exhibited by huge publishers like Knicht-~
Ridder and Time, Inc., as they eye the
industry for its 'broadband' potentials
for 'electronic publishing'.

We see the innovative activity of
CompuServe, The Source, CBS Infovision...
resources capable of becoring major ‘col-
lators', 'packagers', and 'networkers' of
new services' for cable.

with all that in mind, its hard for
anyone not to believe that "text techno-
logy", "2-way", "data communications",
"satellite"”, "home computer”, and "infor-
mation-providers”, will eventually shake
out into logical packages that can be
rrofitable, ongoing businesses. It won't

all come at once, but it will come. Just
like "tiered service" and "addressable
control® have.

When Will It Come?

Within the next 10 years its hichly
likely that several radically-new services
involving the consumer, "text" technology,
2-way cable commrunication, and the compu-
ter will becomre viable, established, and
truly-accepted industry-wide. Wwithin 15
years its certain. But wait...10 to 15
years? That's the term of a franchise!
Ah...there's the rub!

Every franchise being built or re-
built today is a community where, before
long, these coming "new services by cable”
will soon be in high demand. So for every
cable operator involved in new or rebuild
construction the time to start nlanning for
these 'new services' is now.

For the cable operator who is today
choosing subscriber "boxes" for "addres-
sable control" is really locking himself
into a much bigger picture. For "Addres-
sable Control" marks a giant stepr up from
the traditional "converter". We're no
longer talking about a "stand-alone" box
that sits in the subscriber home to expand
the number of channels he can receive.
Addressable Control infers a System. A
central computer, a communications path
through the cable plant, addressable
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terminals in subscriber homes are the
obvious "system" elements. The not-so-
obvious include special support equipment
{How do we maintain, test, address these
"addressable boxes"?); support services
(What if the control computer quits? How
do you run a computer, anyway?); computer
software, and more. Addressable Control
truly means a System itself within the
total Cable System.

For anv operator considering Addres-
sable Control, Pioneer offers two pieces
of advice. First: Stop thinking "box" and
start thinking "system". Look at the total
system a vendor is offerincg you for Addres-
sable Control.

*Is The System Simple?

Has it been CONCEIVED AND DESIGNED
WITH PERSPECTIVE...designed as a SYSTEM,
lookina from the APPLICATIONS where the
system is ultimately intended to be used,
then designinog the overall elements of the
system so cost/benefit is optimized for
you, the Cable Operator?

*Is The System A Solid Foundation To Build
Oon?

Can the One-Way Addressable config-
uration of the System, used only for re-
mote subscriber reception control, be
expanded to Two-Way Interactive configur-
ations employinag Security, Text, Trans-
action and other services?

* Is The System Complete?

Does it provide the necessary "Sup-
port Equipment" to make operation and
maintenance of the Subscriber Terminals
and System more efficient, less time-
consuming, thus less expensive?

*Does The System Offer A "TOTAL" Approach
To Vertical Services?

Or does the System simply enable
"data" exchange between Operator and Sub-
scriber, thus passing the burden of total
software development to you, the Operator?

*Is The System CLEARLY Defined?

Does the vendor offer a clear Cust-
omer Contract outlining every detail from
System Final Planninag throuch Customer
Training, including mutual responsibili-
ties of Operator and Vendor to meet a
specified Project Timetable?

*Is The System Failsafe?

Do two-way configurations of the
system have built-in methods to cope with
the real-world problems of undesired sig-
nal ingress, an unauthorized subscriber-



connected device, or a "locked-on"
Subscriber Terminal interfering with
communications?

*Is The System Standardized?

Do terminal designs achieve economy
of scale through mass manufacturing, yet
allow for customization for special
requirements, as an option? Are the
system's software packages standardized,
and designed to reduce the most commonly-
employed types of information exchanges
between Subscriber and Control Center to
their simplest form, making them as easy
as possible for both Operator and Subscri-
ber to use?

*Is The System Flexible?

Does it offer not only a terminal for
Addressable Control, but A COMPLETE FAMILY
OF TOTALLY INTERMIXABLE TERMINALS, all co-
existable in the same system, including
two-way Interactive, two-way Security, and
Video Text designs?

*Can The System CO-EXIST With Conventional

Converters?

So you still can offer inexpensive
low tiers of service?

*Is The System Truly State-O0f-The-Art?

Does it offer the greatest available
channel capacity, including dual-cable
designs? 1Is its digital communications
fast enough to process large volumes of
subscribers in acceptable times?

*Does The System Employ EFFECTIVE Theft-
Of-Service Protection?

Will your Premium and other program-
ming have maximum security from subscriber
theft?

*Does The System Really Use A Method Of
Reliable And Secure Data Communications?

Are schemes of correlation and error
detection designed into the Terminals to
eliminate "false messages" to and from
Subscribers?

*Do Terminals In The System Have A Power-
ful ANTI-THEFT Design?

Is there a package of electrical and
mechanical features inside Terminals to
deter Subscriber tampering with or theft
of the Terminals.

There are dozens more questions you
should ask a vendor before taking the
"Addressable" plunge....questions about
installation, training, warranty, con-
tinuing terminal availability, operations

startup, vendor's reputation, many things.
But the key is to always be thinking "sys-
tem"....not just "converter" or "box"...
when you ask them.

At Pioneer, we studied all the con-
siderations you've heard mentioned, and
reduced them to what we believe is a logi-
cal "total system" architecture which can
accomodate the "Addressable Control”
requirement today, yet grow into a system
capable of deliverina the "new services" of
tomorrow. This one product, the Pioneer
VIP System, is intended to satisfy the Sub-
scriber Terminal requirements of every
Cable System Operator in every franchising
situation, for now and years to come.

THE SYSTEM CONSISTS OF:

1. A CONTROL CENTER

Located at the central hub of the
system, Computer hardware, software, and
peripherals form a subsystem for one- or
two-way data communications with subscri-
bers. Standardized VIP Software Paks
exist for the most frequently-requested
uses of the system by the Operator (e.g.
pay-per-view, one-way control, opinion
polling). Primary function of Control
Center is to process and store (a) all
outbound commands to Subscriber Terminals
and (b)all inbound responses from Subscri-
ber Terminals (in two-way configurations).

2.CABLE PLANT ENHANCEMENTS

Located at each Trunk-Bridger Station
in the Cable Plant (two-way VIP Systems
only), these consist of a Pioneer Bridger
Gate Controller (BGC) and a Pioneer-com-
patible Reverse Bridger Switch (FBS).
Primary function is to (a) provide pro-
tection against remote upstream plant
faults that would otherwise impair data-
communications, and (b) provide strate-
gically-located status monitoring capabil-
ities in the plant.

3. SUBSCRIBER TERMINALS

Located in Homes and Businesses
throughout the Cable System, these consist
of a "family"” of terminals, all of which
can be intermixed as desired by Cable
Operator to provide the services appropri-
ate to each Franchise situation. Besides
conventional CATV converter functions, the
primary additional function of the termi-
nals is to (a) send informative responses
to the Control Center concerning status
of the terminal and/or (b) receive and
react to commands from the Control Center.



4. SUPPORT EQUIPMENT

Located at various points throughout
the Cable System, this Custom-~Designed
Pioneer equipment has been created for Lab
Testing, Field Maintenance, and normal
Operation of the terminals. Primary
function of the Support Equipment group is
(a) protection of the Cable Operator's
major investment in Control Center and
terminals, and (b) simplification of main-
tenance and operation of the Pioneer
System for better cost~effectiveness.

5. SUPPORT SERVICES

Provided at various appropriate times
throughout the development of the entire
Cable System, these include materials and
planning assistance from pre-franchising,
installation services, and training of
Cable Operator personnel in proper opera-
tion and maintenance of the Pioneer VIP
System. Customization assistance for both
hardware and software is also available
to potential Pioneer customers -- Cable
Operators -- from Franchise Proposal
through final System Installation and
Training.

Our family of "mixable" Subscriber
Terminals includes:

A ONE-WAY TERMINAL

Providing simple addressable control
of each subscriber's channel reception.

A TWO-WAY TERMINAL

Providing all the one-way terminal
capabilities, plus two-way polling and
monitoring functions and two-way
subscriber transaction capabilities.

A TWO-WAY PLUS TEPMINAL

Providing all the two-way terminal
functions plus full alphanumeric keyboard
and hard copy receipts.

A TWO-WAY SECURITY TERMINAL

Giving subscriber security monitoring
capabilities.

A MICRO-COMPUTER ADAPTER

Providing interface capability for
most micro-computers to the cable system.

45

A CONTROL ADAPTER

Suitable for building into other
devices, e.g. power relays....to provide
"other control" functions via the VIP
Systerm.

TEXT CAPABILITIES

Making possible subscriber reception
of hundreds of text paces on one dedicated
channel for both one-way "information
services" and two-way enhanced transaction
capabilities.

Pioneer's approach to the 'new ser-
vices' dilemra is not purely a fantasy
ideal laid out on paper. The BT-1300
Series Two-Way Terminal, for example,
cornerstone of the VIP System, is just now
entering mass production, after two years
of research and development. And that
BT-1300 is a fourth generation interactive
terminal fror Pioneer. As most of you
probably know, only Pioneer has over seven
years of research and development experi-
ence in interactive two-way cable TV
technology, and an installed system with
nearly four years of operations already
logged....still the world's largest
singled interactive two-way cable system,
in Columbus, Ohio. Probkably the single
most influencinag factor which has guided
the conception of our VIP 'One Single
Solution” is the experience we've gained
in both addressable control and inter-
active two-way field operations by virtue
of that four years of operating experience.
Yes, we had our share of startup pains,
and we went throuch the usual 'new pro-
duct' learning curve., But it's over now,
and the new VIP System is the culmination
of our efforts.

Pioneer's VIP System is a result of
falling back out of the trees long enough
to view the forest again. We think we've
developed the one "total system" that can
help cable operators meet today's addres-
sability needs, yet also enable them to
take advantage of the "new service"
opportunties we see coming tomorrow.

21l of which leads to our second
piece of advice to any Cable Overator
considerina Addressable Control: (you
guessed it)...buy the PIONEER VIP SYSTEM!



PIONEER

PIONEER COMMUNICATIONS OF AMERICA

THE PIONEER V.I.P. SYSTEM...ONE, SINGLE SOLUTION
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ADDRESSABLE TERMINAL CONTROL
USING THE VERTICAL INTERVAL

CARL F. SCHOENEBERGER

TOCOM,

ABSTRACT

The concepts of CATV Terminal Control
using the Vertical Interval for addressing
are explored.

P sign objectives of the TOCOM 55

PLUS and the advantages of baseband op-
eration with vertical interval addressing
are given. Methods used for reliable ad-
dressing, channel access control, parental
key control, emergency alert, and basic
system security, are discussed.

INTRODUCTION

During the past several years, the
requirement for a flexible and effective
method to control subscriber access to
premium television has created the ad-
dressable terminal. The principal advan-
tage of an addressable terminal is the
ability to change a subscribers service
capability rapidly and economically.

A number of techniques are available
to transmit the digital information to the
terminal for addressing and program con-
trol. With the use of a baseband convert-
er, data can be encoded in the standard
video format and transmitted in the verti-
cal interval.

The capacity of the vertical interval
is sufficient to support a very flexible
control algorithm plus a large number of
additional services. When appropriate
formats are utilized, a highly reliable
system is created. Theft of service or
addressable terminal security, must be
considered as a point of primary concern
in the design of the system.

This paper will illustrate the TOCOM
55 PLUSTM system, which is designed to
take advantage of the benefits of address-
able terminal technology utilizing verti-
cal interval addressing.

Addressable Terminal Design Objectives

The 55 pLUSTM system was developed
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INC.

with foremost consideration given to the
following design objectives:

1. High quality RF conversion performance
with 400 MHz capability.

Obviously, the primary product deliv-
ered to the customer is television pic-
tures, and with performance tradeoffs
caused by 460 MHz systems, the performance
of the terminal becomes a critical link
which can substantially effect plant
costs.

2. Flexible control of premium services.
Due to the rapid expansion of premium
services and the use of new marketing
methods, considerable additional capacity
should be provided. The provision for
rapid reconfiguration of the system is a

necessity to promote additional sales. An
individual control mechanism should be
provided to permit sales of single and re-

peated special events such as a single
course on an educational channel.

3. A high security, low distortion video
scrambling technique.

Using baseband technology, an effec-
tive but economical decoding system must
be provided.

4, Theft and tamper resistant.

The system design of the addressable
terminal must contain various mechanisms
to assure that the subscriber can not com-
promise the enclosure and internal cir-
cuits, nor effectively utilize a stolen
terminal.,

5. Reliable hardware.

The addressable terminal design, and
quality of the component parts, must as-
sure long term reliable operation in the
environment of a typical consumer's home.
6. Economical pricing.

Although the initial cost per subscri-
ber may be higher with addressable termi-



nal technology, the revenue potential is
also much higher. To insure that this
occurs, each feature of the addressable
terminal should be studied on a cost to
provide versus revenue obtained basis.
7. Upward compatability.

The system should be designed to per-—
mit substantial upward compatability to
fully interactive versions with internal
character generators and upstream data
transmitters.

8. Wireless remote control.

Provision should be made for an op-
tional wireless remote control which is
capable of operating all modes of the ter-
minal including volume and muting. The
remote should be economical enough to be
replaced at the subscriber's expense when
damaged.

9. On-screen display.

The channel number and time should be
superimposed on the displayed video, elim-
inating the need for separate channel num-
ber readouts and providing a clock feature
for almost no incremental cost.

10. Parental access coding.

The terminal should test the incoming
vertical interval data to determine the
parental access rating of the video pro-
gram. If beyond the threshold, it should
automatically block the picture and sound
while requesting the parental access code.
The rating threshold and the access code
should be addressable. Although this fea-
ture generates little revenue, it is a
very powerful franchising tool.

11. Attractive appearance.

The appearance of the set top and
remote control should blend well with the
typical home television environment.

ADVANTAGES OF BASEBAND CONVERSION
AND VERTICAL INTERVAL ADDRESSING

The principle advantages of baseband
conversion are as follows:
1. No extra system data carriers.
This feature is particularly important
when up to 11¢ video channels must be con-
trolled and descrambled independently,
especially in systems which have virtually
all bandwidth occupied.

2. Economical data receiver.

The data receiver is simply a compara-
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tor which strips non-return-to-zero data
from lines of video. The digital control
portion of the terminal determines when
actual data is present and disregards oth-
er video and noise. It is also possible
ble to read data anywhere on the video
signal, permitting entire channels to be
converted to data use.

3. 1Internal baseband video input.

This is useful for versions of the
product which contain internal character
and graphics generators., It also makes
on-screen display of channel number and
time possible.

4. Control of volume and picture blank-
ing.

This feature permits the remote con-
trol to be a true replacement for existing
remote controls. The digital control por-
tion of the terminal also utilizes these
features to prevent the consumer from see-
ing or hearing unauthorized programs.

5. Baseband video output.

To prevent unnecessary distortion, an
optional baseband video and sound output
is available for direct connection to vid-
eo tape recorders or newer televisions
which have baseband’video inputs.

BASIC ADDRESSING FORMAT AND RELIABILITY

The addressable terminal must obtain
data from the vertical interval at a mod-
estly high data rate, qualify the data as
valid, and process the data. Vertical in-
terval data is transmitted on lines 17 and
and 18 in place of the broadcaster's VITS
(vertical interval test signals). All
other signals in the vertical interval are
transferred through the system intact,
permitting proper operation of VIR (ver-
tical interval reference signal) and other
present and future services. The data
rate is set at the fastest possible speed
which is also a sub-multiple of color
burst, in this case 3.579 MHz/4 was se-
lected. This data rate is limited by the
speed of tthcontrol processor used in the
TOCOM 5504A and is referred to as the
half speed data rate. The TOCOM 5510ATM
uses a bit time of 3.579 MHz/2 but can al-
so read and process half speed data. The
full speed data permits 92 data bits per
line while the half speed data is limited
to 46 bits per line. At this speed, the
control microprocessor can read data as it
arrives, eliminating expensive buffer mem-
ories, and process the data during the re-
mainder of the video field. Transmission
reliability is assured through the tech-
nigque of sequenced redundant transmission,
All addressing information is sent twice



and in sequence, and must be received this
way, or it is considered invalid data and
ignored. Also, a configuration checksum
is transmitted to give a longitudinal
check. The specific addressing data is
stored in an EEPROM (electrically erasable
programmable read only memory) which re-
tains data, even with no power applied.
The addressable terminal is actually ad-
dressed on only one channel called the
home channel. The vertical interval of
the other channels are free to be used

for text transmission and for the Program
Control Word (described later). When the
terminal is turned off, it automatically
tunes to the home channel and receives any
new addressing information as well as a
configuration checksum of what the ad-
dressable terminal's EEPROM memory should
contain. The checksum method is much
faster than actually re-addressing each

unit. If the checksum does not match, the
addressable terminal will disable and
show an error code on a blank screen. The

error code is useful to the system opera-
tor since it will indicate the reason why
the addressable terminal has ceased to
operate. Except in the case of terminal
failure, operation can be restored by re-
addressing the unit without a service
call.

PROGRAM CONTROL WORD AND
THE ADDRESSABLE TERMINAL RESPONSE

Program control is implemented through
the use of a digital series of information
called the program control word (PCW).
This data is sent 3 times per second from
the headend and is continuously monitored
by all addressable terminals tuned to that

channel. The PCW contains the following
data:
1. Service Class Identification.

The program may belong to any or all
of up to 32 different service classes,
each represented by an individual bit.
2. Program Indentification.

An 8 bit number is used to identify
the specific program that is being trans-
mitted.

3. Channel Type

A 4 bit value is used to identify the
use of the viewable video portion of the
channel. 1In some cases this indicates
that full field data is present and the
addressable terminal automatically switch-
es to a blank screen. Even channel types
are used for A cable, while odd types are
used for B cable in an A/B cable system.
It is also used for control of the de-
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scrambler.

4, Parental Access Control.
A 4 bit value represents the parental
control rating of the current program.

The addressable terminal uses the in-
formation contained in the PCW to deter-
mine if the user is qualified and if so,
it releases the video and sound and de-
scrambles the picture for the subscriber.

55 PLUSTM ADDRESSING CAPABILITIES

The addressable terminal must be ini-
tialized with its actual address, system
number, and home channel, before it ac-
cepts commands. This is accomplished by
depressing a certain key combination on
the terminal while the new address data is
loaded. One key combination is utilized
for HRC format head ends while another is
used for the Standard format. 1In either
case, the terminal listens to the respec-
tive channel 3 and accepts the next new
terminal initialization sequence. All
subsequent commands directed to this ad-
dress, on the home channel, will be ac-
cepted by the terminal., This feature is
particularly useful because the actual
address can be used to specify a physical
location or section of the cable plant
with no excess inventory problems or
"missing" address codes.

The basic initialization sequence is
sent in sequence in 14 transmissions on
the home channel. The following informa-
tion is carried in this sequence:

1., Service class enables.

A 32 bit word is stored in the addres-
sable terminal which defines which service
classes it may permit the customer to
view,

2. Per-event enables.

Up to 4 different events are stored in
the format of a program identification and
channel number.

3. Emergency alert group enable.

An 8 bit word is stored which defines
any of 8 emergency alert groups to which
the addressable terminal belongs.

4, Parental access code and parental con-
trol level.

The customer provided control thres-
hold and up to 8 digit access code are
stored. These may be set to a null value
which removes any requirement for the sub-



sciber to enter the access code.

5. Cable plant configuration information.
Several status bits are loaded to in-
dicate the tuning format HRC, ICC or Stan-
dard, Home Channel, A/B cable option, and
bit enables to tune the FM band. This in-
formation can be changed only when the
actual address is loaded.

6. System number.

The system number identifies the orig-
inal point of programming and is used to
prevent theft of service in other systems,
and to aid in identification of stolen
terminals.

Several other command sequences are
recognized by the addressable terminal and
are itemized below:

1. Configuration check.

A checksum transmission that is used
to verify that the addressable terminal
and control system agree on the current
configuration.

2. Emergency alert.

An 8 bit word which is compared to the
previously stored Emergency Alert Group
enable, used to initiate or stop an emer-
gency alert cycle.

Addressable terminal individual dis-
able.

3.

This command is sent to deactivate the
addressed terminal. It is usually sent to
all invalid addresses not accessed by the
block disable command.

4. Addressable terminal block disable,
This command disables blocks of 4896
addressable terminals, and is sent to all

invalid addresses as a feature to prevent
stolen boxes from successful operation.

The Program Authorization Cycle

The process of changing channels is a
function of the control microprocessor.
When the user selects a new channel, the
microprocessor compares the PCW and the
subscriber service class enables. If any
two corresponding bit pairs are set, then
an enable results. If no pairs are found,
then a test is made for channel and pro-
gram identification match to the stored
per event enables. If these match, then
it is also enabled. When enabled, the
terminal then checks the parental control
level and requests the access code if
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necessary. Once this operation is com-
plete, the video and sound are released to
the subscriber. The channel tuning and
authorization cycle typically takes about
one half second if no access code is re-
quired.

Service Class Control

Addressable terminal control using
service classes provides one of the most
flexible methods of premium channel con-
trol. The method is best demonstrated by
a typical use example as shown in Figure
1A.

In the example, some bits represent a
package of channels while others represent
a channel during part of a day for a par-
tial service or promotional material re-
ception. A program can belong to any or
all service classes simultaneously while
the user also can be enabled for any or
all service classes. If any corresponding
bit pairs are set the subscriber will be
enabled. To give a specific example, if
subscriber #3 tunes to premium channel #1
during transmission of partial service,
bit pair number 7 will be set and the sub-
scriber will be enabled.

Per-Event Control

The per-event enable portion of the
addressable terminal is operated by a sim-
ple match between the channel numbers and
the program identification numbers. A
typical use of this type of enable is for
the sale of a sporting event, or an educa-
tional show such as driver education for a
semester. Each channel can be sold with
up to 255 special events, and each ad-
dressable terminal can store enables for
any 4 special events.

Emergency Alert Control

Emergency alert control is operated in
the same manner as service classes except
that there are only 8 bits or classes in-
stead of 32. The terminals receive the
command from the vertical interval and if
any bit pair is set, turn the television
on if off, tune to the channel specified
in the command, and raise the volume to
maximum. When the alert is complete, the
power will restore to the previous state
and the addressable terminal will tune to
the home channel. 1In a typical system
each class will represent different groups
of people such as: police, fire, auxilia-
ry fire, general population, etc.

TERMINAL SECURITY

An addressable terminal can be circum-
vented in one of two ways: by compromis-
ing the terminal or by directly connecting



Service Class Typical

Off Air Channels

Economy Premium Package

Promotional Material

Premium Channel #1

Premium Channel #2

Premium Channel #3

Bit Channel Content

1 4,5,8,11,13,21,33,39

2 160,14,15,16,17

3 All Premium Channels

4 50

5 51

6 52

7 50

Channel Control Word Service

Class Bits
1 2 3 4 5

1 ] 0 ] 0

Subscriber Service Class

Enable Bits
1 2 3 4 5 6

1 2 ] 0 0 1]

6

[}

7

[}

Partial Service Premium
Channel #1

Figure 1A

Channel

Off air

Economy

Premium

Premium

Showing

Premium
Showing

Premium

Use

channels
premium channel
channel #1
channel #1

promoted material

channel #1
partial service

channel #2

Figure 1B
Subscriber Subscriber Enable
Number Capability
1 Enabled only for off air
reception
2 Off air, economy premium
and promotional material
3 Off air, promotional
material, partial service
premium channel #1,
premium channel #2
Figure 1C
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a "black box" to the plant which descram-
bles the encoded video.

Since a "black box" can always be
built, and sold as a kit, the objective is
to make it so expensive to sell that the
average consumer finds legitimate purchase
of premium television much cheaper. The
TOCOM 55 PLUSTM encoding technique re-
quires a special demodulation to baseband
which raises the cost of "black box"
equipment substantially. The actual base-
band descrambling process requires line
counting circuits, a special sync stripper
circuit, automatic gain control timing
circuits, and actual video processing cir-
cuits. Most of these parts are not extra
cost items in the TOocoM 55 PLUSTM since
it's basic design is optimized for these
features; however, convential "black box"
designs will be relatively expensive.

The TOCOM 55 PLUSTM has a number of
internal system security features to pro-
tect the addressable terminal from compro-
mise. They are itemized below.

1. Tamper switch.

An internal tamper switch detects when
the addressable terminal has been opened
and disables the terminal. The subscrib-
er will see a blank screen with a special
code displayed in place of the channel
number. If a correct configuration check
is subsequently received the addressable
terminal will be restored to normal opera-
tion, otherwise it must be re-programmed
by the system operator. The tamper switch
will operate even if the addressable ter-
minal was not powered at the time of
intrusion.

2. Three day confiquration check timeout.
This feature may be enabled to deacti-
vate any addressable terminal not receiv-
ing a configuration check for three days.
This prevents external or internal block-
ing of the home channel addressing infor-
mation after ordering premium services.
This disable will clear if a valid config-
uration check is received and also dis-
plays a special code in place of the
channel number during the disabled period.
Note that when the addressable terminal is
turned off by the subscriber it automati-
cally tunes to the home channel and re-
ceives configuration checks.

3. Checksum verification.

If the internal checksum does not ver-
ify with the programmed checksum the
addressable terminal will become disabled
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until the system operator re-programs the
terminal. Again a different special code
is displayed on a blank screen while the
terminal is disabled.

4. No jumper to cut or simple rewiring to
enable the descrambler.

The decoding of the addressing infor-
mation and the source of the real time
signals for descrambling, originate in the
control microprocessor. Since decisions
and real time control come from one part,
there are no jumpers to cut. The algo-
rithm of the control microprocessor is not
easily extracted and all critical parts
including the microprocessor and EEPROM
memory are soldered in place., This makes
it difficult to develop and install for-
eign components that would permit the
addressable terminal to operate without
system control.

5. Individual and block disable.

The disable commands prevent stolen
addressable terminals from operation
elsewhere in the same system. This fea-
ture is also useful for service discon-
nects since most customer's will not
remove the addressable terminal on moving
day if it was deactivated when he called
in to have the service disconnected.

6. System identification match.

The system identification is compared
during a configuration check, and a stolen
addressable terminal from another system
will be disabled. This will occur even if
the address of the stolen terminal is the
same as a legitimate customer in the for-
eign system.

7. Reversing A/B cables,

The TOCOM 55 PLUSTM does not control
on a channel basis, but on a program
basis. Therefore, switching cables in a
dual plant will make no difference. The
terminal still decodes the program control
word and enables service based on service
class or per-event authorization.

8. New terminal initialization done only
at the headend control point.

The actual address of the terminal and
cable plant parameters are loaded at the
headend only, under supervision of the
system operator. This prevents identical
addresses in which one subscriber pays for
all services and the others operate with
his address code.



CONCLUSION

The baseband approach to addressable
terminal design provides many important
advantages over other techniques. Video
format data encoding eliminates additional
data carriers and is easily expanded to
full field data transmission. Valuable
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product features such as volume control
and on-screen displays become part of the
basic design. Pay security is enhanced
through more secure baseband encoding
techniques. The TOCOM 55 PLUSTM praduct
family proves that sophisticated baseband
technology can be economically applied to
addressable terminals.



AUTOMATIC STATUS MONITORING FOR A CATV PLANT
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ABSTRACT

Many of the customers using the
CATV Distribution System for communication
require total service and continuity.
Premium programming and educational
requirements also mandate fast response
to plant or system failures. An auto-
matic status monitoring system can
substantially improve reaction time
and reduce maintenance loads.Such a
system has been engineered to meet
these service demands.

INTRODUCTION

The present CATV Industry is experiencing a
saturation of technology which could be likened
to the introduction of rectangular color tele-
vision sets in the American home. The cable
televion industry today is positioning itself
as THE mass communication medium which should
take us through the turn of the century.

CATV's broad influence on American lifestyles
will serve to save us energy and provide better
educational and entertainment opportunities

to our nation and throughout the world.

As the importance of our communication
increases, the realibility and the service-
ability of this distribution equipment becomes
a greater concern to the operators and to the
consumers and subscribers themselves. The
revenue producing services such as entertain-
ment programming, information exchange, security,
and educational and public service functions
rely on the quality of the distribution system
in their neighborhood.

We should take a moment to consider the
justifications of status monitoring. Its
implications of improved service, reduced
down time, improved technical effectiveness
and the ability to pinpoint equipment mal-
functions can head up our list of benefits.
Additionally an automatic system of data
reporting from status monitoring equipment
can be preserved for later failure trend analysis
which may aid the operator in preventive mainte-
nance service which could reduce down time even
further. It has the potential to indicate areas

124

of the plant which may require attention on more
frequent basis and presents alternatives to pole
climbing and bucket trucks when it becomes
necessary to do system checks. The automatic
test equipment approach can provide data which
has extended usefulness in a plant of any size.
So the primary function becomes one of fault
locating, and secondary functions enhance its
value to the engineering staff responsible for
plant performance.

In fact status monitoring is an edict
in most new metropolitan franchises. Wide
band distribution, larger plants, increased
concentrations of subscribers and many physical
factors increase the maintenance burden in
any operation. Status monitoring has presented
some alternatives to the expensive and often
sporadic preventive maintenance program. There
is no substitute for quality distribution
components and conservative plant design.
However, a well configured automatic status
monitoring system would be an extremely useful
service and maintenance tool as well as a
trouble shooting aid in times of equipment
failure. A broad based economical approach
to status monitoring utilizing automatic
test equipment techniques will be discussed
here.

DESIGN CRITERIA

The exchange of data between remote points
and a central location in the cable plant ordi-
narily would not be a difficult undertaking.
However, the expansion of the cable spectrum
leaves but few windows where data can be ex-
changed from points in the system and the
head-end which will not complicate normal
operation. The exchange of data should occupy
as little spectrum room as is practical.

The environmental performance of the automatic
test equipment component should exceed that of
the distribution component to which it is inter-
faced. So environmental resistance, immunity
to radio frequency interference and transients
often encountered in the cable plant is impera-
tive.



Although specifically, size is not a serious
concern, a smaller component is usually more
easily accommodated into a retro-fit application.

Any additional equipment in a cable plant
naturally will require powering and implies
additional losses which must be minimized so
a componeént which could be considered electri-
cally transparent would be most desirable.

Such a component configuration then begins
to appear as any other common CATV component.
Efficient, light weight, minimal losses, fast
response and circuit integrity all become consid-
erations in the design criteria. Not to be
overlooked are the economic factors involved
in producing such a device as well as the
installed cost or cost per mile to the plant
operator. Additionally, we would like to have
our status monitoring equipment operate under
adverse signal conditions as well.

SYSTEM CONFIGURATION

Let us look at a block diagram of
how the system which we have configured per-
forms. Our system components include a computer
which serves as a control system, transponders
which function as receiver-transmitters and
data collectors, an interface cr modem and a
spectrum monitor which reads cable signal levels
shown. In dotted line form you will see the
amplifier or other components such as the power
supply.

The Computer to be discussed is pro-
grammed to continuously scan and read
measurements or data from each of the
transponders as they are individually
addressed from the program which is
resident in the computer.

The Modem provides an interface between
the microprocessor and the plant RF System.
As a Modulator-Demodulator it converts logic
levels to RF and Demodulates RF to logic
levels.

The Transponder block in our diagram is
comprised of an FM receiver, an addressable
controller, an A to D Convertor, regulated
power supply, an isolation network and an
FM Transmitter for returning data to the
head-end.

The last block shown in our diagram is
the remote spectrum monitor which is a
specially configured spectrum analyzer
designed to withstand the vigors of the
cable environment.
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SYSTEM COMPONENTS

We are all aware of the significance
of the computer in process control applications.
We have selected a 6502 microprocessor based
computer with 48K of memory as the core of the
control system. Dual disc drives, a graphics
capable printer, interface cards, a clock-
calendar card and a wide-band CRT round out
the control system. The operating program of
the control system is written in BASIC and
machine code and stored on floppy disc.

The computer program is designed to analyze
the data and compare it to standard data which
is entered by the operator when he commissions
his plant or installs the transponder. This
standard data then becomes the information
base within the computer to which all new data
is compared. Data errors are double and triple
checked by repeated interrogation and if an
error persists, alert or fault alarms are gen-
erated depending on the magnitude of error. A
command is also generated by the computer to
print on hard copy the nature of the fault, its
address, its location and at the same time 2ll
of the remaining parameters at that address
are measured and recorded with date and time.
These additional parameters may provide both
the nature and magnitude of the fault. Besides
having an audible and visual alarm presented
on the CRT, hard copy print outs provide
permanent record of faults as they occur
and if desired a paper copy can be provided
to the maintenance supervisor.

There are numerous other features of
the computer program which enhance the over-
all system versatility and allow the operator
to select specific functions, alter his data
base, customize his measurement parameters/
formats and do other housekeeping chores in-
cluding updating files, expansion, and deletion
of certain stations which may be undergoing
maintenance.

The control system is linked via
RS-232 to the modem or interface. The
digital data from the computer is sent
serially at 4800 Baud (BPS). This serial
data is applied as frequency modulation to
an oscillator which operates at video carrier
levels as a substitute for a normal CW pilot,
or as a data carrier alone operating at -15 dBc
to -20 dBc. The FSK Data then is summed with
the video signals for distribution in the forward
trunk. The interface or modem also receives the
replies from each of the individual transponders
in the reverse trunk.

The above discussed applications, if you
will, are well known in the industry. The
transponder, however, represents an advance
in automatic test equipment techniques as applied
to measurements in the CATV Distribution Plant.
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The Transponder block contains a number
of special circuits which will be described
briefly. A very narrow band FM Receiver
utilizes an adjustable RF gain stage and
a very high sensitivity high linearity PLLFM
Detector. The detected data or address and
command are sent to a controller which in-
terprets the address and command and cycles
the A to D converter. Upon completion of
the measurement cycle the data is returned
to the controller. It again is converted to
serial form and applied as FM modulation to
a crystal oscillator. Data is keyed through
a transmitter circuit and coupled finally
to the trunk line through an isolation net-
work. The transponder module is isolated
by a minimum of 20 DB from the trunk thereby
minimizing loading effects in both forward
and reverse directions. The transponder also
contains a very stable power supply/reference
section and divider networks which adjust
scaling of the A to D convertor for full
scale values appropriate to the paramters
being measured. The selected measurement
parameter, after input scaling, is converted
to an 8 bit word which is latched into
the transmitter portion of the control
chip. The control chip then serializes
this data, keys the transmitter and FM
modulates the oscillator. A one shot
multi-vibrator which is keyed upon re-
ceipt of a valid address and command,
provides fail-safe operation of the
transmit output stage.

The accuracy of the data (which is
sent to the control system processor for
reduction is plus or minus 3%. However,
its stability is better than .5% over
temp. Since the control system can log
data from each transponder individually,
the actual accuracy of the measurement
is not as important as the stability of
repeated measurement over the temperature
range. The reference supply has a sta-
bility of better than .1% over the temper-
ature range. This is four times better
than the resolution of an 8 bit convertor.

A demonstration of the receiver capa-
bility is presented in Figure 1 and Figure
2 below. A video carrier spectrum of 330 MHz
modulated 100%, and an interfering CW carrier
were combined with the data carrier set 30db
down. This spectrum was applied to a hybrid
amplifier and the overall input level to the
hybrid was adjusted to yield Xmod distortion
of -40db or worse. The distorted spectrum
was attenuated and applied to the cascade @
+28dBmV. See figure (1). Both data carrier
and the interfering signal can be seen on the
3rd graticule line from the left in Figure 1.
The interfering signal is but 75 KHz higher than
the data carrier which is at -30dbc. Figure 2
shows the response of the outbound and return
signals during this demonstration. These cascade
tests were conducted with staggered reverse
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amplifiers. In one test case only reverse
passives were installed through a 4 amplifier
cascade spaced 20db at 270 MHz. The same
performance characteristics are retained over
the temperature range of -30°C to +85°C.

NOTE: The two carriers of interest appear
super-imposed at the arrow due to 200kHz B/W
of the spectrum analyzer.

Figure 1

Figure 2

The block diagram shows the integral
parts of the transponder module and
the interface with the trunk station
under test. The transponder/data

‘module is quite small in itself,

measuring 5.5x3.5x.75 inches. But
most amplifiers if they are fully
loaded have little interior room
for additional components. So a
remote version has been designed
which is powered from the cable
AC and draws less than one watt.



This remote version of the transponder ex-
hibits less than 1db insertion loss from

S to 450MHz and maintains input and output
return losses at better than 20 db. The
special power supply within the remote
housing includes over voltage protection

from a gas-tube surge suppressor as well as

a version of the guardian compensator circuit
utilized in CATV power supplies. This special
circuit pre-regulates the primary voltage
applied to the transformer by sensing a rise
in the secondary and feeding back an error
signal instantly which reduces the applied
primary voltage. The circuit is designed

to minimize the effects of sheath-current-
applied over-voltage. In cascade tests the
power supply has successfully operated at
extended inputs of greater than 150 volts

AC with no measureable effect on the regulated
DC supply.

We feel then that the power supply
incorporated in the remote transponder/data
module may exceed the performance standards
of many of the line amplifiers presently in-
stalled in the field. This provides a measure
of realibility greater than the amplifiers
themselves.

A unique umbilical cable assembly
links the remote transponder to the ampli-
fier under test. The components of the
umbilical include the same pressure-tight
fittings used throughout the industry. The
umbilical is terminated in a customized
adapter harness which isolates RF and taps
the measurement points within the amplifier.

CONCLUSION

Two independently operating systems
are configured in seperate cascades at
the Texscan/Theta-Com facility. These
systems are regularly temperature cycled
during the course of other engineering
work. The reliability of the equipment
and data returned thus far exceeds speci-
fied BER (Bit Error Rates) margins of

<1 ppm. Data verification in the resi-
dent program aids in these judgments. We
feel that progressive engineers and
operators will appreciate these latest
and significant advances of CATV Test
Equipment; Automatic Status Monitoring,
a system management tool.
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CABLE AND EARTH STATIONS

Guy W.

Scientific-Atlanta,

ABSTRACT

In practically every cable franchise
being awarded today, the recipient is
required to install an "institutional B
cable" to serve the communication needs of
the business community. Although to date
very little use is being made of this non-
entertainment cable, industry predictions
indicate an explosive growth for business
communications over the next ten years.
The purpose of this paper is to identify
and explain the characteristics of this
potentially large business market, and
to give an overview of the techniques and
equipment requirements for the business/
cable and cable/earth station inter-
connect. It seeks to alert franchise
operators that the time to prepare for
serving this market is now, when they are
applying for franchises and building and
rebuilding their cable system.

Introduction

Much has been said about the evolu-
tion of the United States from an indus-
trial society to an information society.
Just as the number of people working in
industry outnumbered the people working
in agriculture in the early 1900's, the
people working in information occupations
now outnumber those working in industrial
occupations.

Information and the way it is used
will be the key strategic variable in many
businesses. For this to happen, effective
information transfer can no longer be
constrained by a communication system that
was designed for voice transmission.

With the advent of the communication
satellite, large amounts of information
can be sent easily from one city to anoth-
er. Cable operators need to know that the
satellite carriers are well along on their
plans and theilr investment in intercity
distribution of information. The bottle-
neck lies in the local distribution. The
cable that is now being laid for distribu-
tion of television can be used for a sub-
stantial part of this local distribution.
The linking of satellite earth stations

Beakley and Alex B.
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A BUSINESS CONNECTION

Best

Inc.
with cable television distribution sys-
tems offers many new opportunities as the

information society emerges.

Business Communications Needs

A number of large businesses are
essentially information~based. Included
are banks, insurance companies, invest-
ment companies, and stock exchanges. Their
principal business depends on gathering
and assimilating large amounts of data.
This is currently being done by process-
ing large amounts of paper, but office
automation will allow the information to
be processed and stored electronically
with only summary information being re-
corded on paper. Communication and
transfer of this information will be
accomplished by the interconnected cable
and satellite systems described in this
paper.

Although productivity improvements
have occurred in agriculture, manufact-
uring and service industries, product-
ivity improvement in the office has been
slow. Very little has been done to bring
spiraling office cost under control.
However, office tools are now being put
in place to change this situation. These
include communicating word processors,
facsimile devices, computer-to~computer
links, voice messages stored in digital
format, integrated voice and data PABX,
and intrafacility communication networks.
A sophisticated business communication
system will allow charts, budgets, last-
minute schedules changes, press releases,
contracts, and photographs to be trans-
mitted quickly and reliably. Many people
will be able to work at home connected by
cable to thelr office. Executives attend-
ing out-of~town meetings and salespeople
on the road will be able to have immedi-
ate and accurate access to information
back at the home aoffice. 1In the future,
a person will be able to substitute tele-
conferencing for some business travel.
The possibilities seem unlimited.

With office automation moving ahead,
satellite common carriers have recognized
business communications as a viable



market. These satellite carriers are
shaping intercity business communications
with their new concept of shared earth
stations. Digital satellite carriers
offer business customers a capability to
transmit vast amounts of data, voice,
electronic mail and other business signals
from the earth station up to the satellite
and back down to another earth station.
Cable is a logical choice for a medium to
distribute this data from the earth
station to the businesses in each city.

Business Communications Services

Satellite and cable systems offer

increased communications capabilities for
text, facsimile, data transmission, inte-
greated voice and visual aids and video
conferencing. In the past, text trans-
mission has been handled principally by
telex which is slow and has a rudimentary
character set. Telex is being replaced
with communicating word processors which
allow typewritten material to go from one
machine to another at high speed. Much of
the transmission and storage is accomp-
lished electronically, thus creating tre-
mendous communications needs. With a
satellite/cable communications system,
a secretary can type a letter, attach the
appropriate electronic "address" and send
a copy directly to another terminal at a
distant facility.

Graphs, pictures and photographs do not
lend themselves to character transmission
and are better sent by facsimile. In
order to obtain high resolution and trans-
mit at a rate of one page per second, the
bit rate needs to be of the order of 256
Kbps. This high data rate is available
on the satellite. It creates the need
for a high capacity local distribution
system such as cable can provide.

The next step beyond communicating by
voice and still pictures is conferencing
using full-motion video. Point-to-multi-
point video conferencing now makes econo-
mic sense. Many national sales meetings
have been set up with regional salespeople
coming to local auditoriums where earth
stations are installed or have been temp-
orarily set up. The salespeople view the
program material on large television
screens and respond to the presentor by
phone. Point-to-point teleconferencing is
very costly when using full-motion video
because of the large bandwidth required.
Analog video requires one quarter to omne
full transponder of satellite. The use of
this much capacity for a normal business
meeting would be excessively expensive,
hence there is a need to digitize the
information and reduce the data.
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NTSC color video can be digitized at
the rate of about 90 Mbps with no visible
degradation, Removing redundancy allows a
video signal to be sent at 20 Mbps with
insignificant loss in video quality. When
the motion is limited and the camera is
fixed, it is possible to reduce the bit
rate to 6 Mbps with limited loss in qual-
ity. The challenge is to reduce the bit
rate to 1.5 Mbps and maintain reasonable
cost in the video source coding equip-
ment. As more devices for video coding
are invented and as the cost of travel
increases, business teleconferencing will
become a common event.

Consider next data transmission.
Large computers can manipulate data at
rates of one Mbps or faster. Efficient
resource sharing, computer back-up, file
protection, core diagnosis and other
factors make it necessary for distant
computers to communicate with each other.
Transmission at Mbps rates is required for
computer communications in the future.

The office of the future will be
integrated electronically. A number of
scenarios for linking the equipment and
people become evident. One scenario sees
the hub of the automated office being an
integrated voice and data PABX., The PABX
permits users to transmit, switch, and
store voice, data and images. Another
possibility has local networks connecting
office machines, digital telephones, and
intelligent terminals or work centers.
These terminals process and display data,
text, pictures, and graphs. Regardless
of the method, there will be a need for
rapid communication of information within
the office and from office to office.

Satellite Business Communications

Satellite business carriers have made
great strides in the intercity portion of
satellite business communications. Car-
riers such as RCA, Western Union, and
American Satellite Company have provided
increasingly sophisticated business com-
munications facilities for their cust-
omers. American Satellite through its
satellite data exchange (SDX) service has
specialized in providing voice and data
communications to small earth stations
located on end-users premises. American
Satellite now has over 50 earth stations
operating and another 34 under contract.
RCA Communications is providing a data,
voice, facsimile, slow scan TV and tele-
print service called "56 Plus'". Western
Union also offers a similar data service
to its customers.



A typical customer-premises earth The telephone system normally restricts
station may have a 5, 7, or 10 meter ant- data transmission to speeds of 9.6 Kbps
enna, redundant GaAs FET low noise amp- and below. Data rates of one to forty
lifiers, redundant 5 watt to 125 watt high Mbps can be transmitted by satellite. The
power amplifiers, 56 to 1544 Kbps digital telephone network can be expected to
modems, and a modem protection switch. produce on the average, one error per
Scientific-Atlanta furnishes this equip- 100,000 (105) bits transmitted. Elabo-
ment and a microprocessor-based monitor rate error checking and correcting
and control unit in a complete earth schemes, which reduce efficiency, have
terminal which is calls DET~56. A block been developed to overcome this problem.
diagram of this system is shown in Figure Error rates of fewer than one error per
1. Each 56 Kbps channel can carry a 56 10,000,000 (107) bits are easily accomp-
Kbps data circuit or can be multiplexed lished using satellite communications.
to carry many data circuits of different
speeds. Voice channels can be provided Satellite Business Systems (SBS),
using PCM or CVSD encoding. Data from a partnership among wholly-owned sub-
computers, terminals, and facsimile can sidiaries of Comsat General Corporation,
also be transmitted over the DET-56. IBM and AETNA Life and Casualty Company,
Figure 2 shows the DET-56 earth stations is implementing an extensive digital time
that have been installed to date in the division multiple access (TDMA) system

United States.

for transmitting voice, data, and image.
The $7 billion intracompany business com-

Communication of business data by munications market is SBS's principal tar-
satellite offers a number of advantages. get. The company offers complete voice,
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data, facsimile, and teleconferencing
services.

DET-56 Earth Stations for Business Communications

Figure 2

The earth stations, which are shown
in Figure 3, operate in the 12/14 GHz
frequency band so that they can be located
in cities without frequency interference
problems. The system offers private net-
works that are fully switchable and allow
capacity expansion on demand. Facilities
are provided to enable the companies to
dynamically monitor and control the use of
their networks. The terminals are small
(5.5 meter and 7.7 Meter antennas) and
can be located on customer premises or at
cable headends. The satellite's capacity
is so large that users will be able to
send information between locations at
rates hundreds of times those used today.

In addition to private networks with
dedicated facilities, 8BS will offer
shared services between two or more users
whose traffic volume does not justify
customer premises facilities. SBS is also
planning an exchange services network bet-
ween 150 metropolitan areas served by 20
SBS switching centers. A twenty earth
station network is to be completed by
January 1982. Twenty-five earth stations
are to be added by May 1982 and 50 more
by January 1983. The shared and exchange
services require local data transfer
facilities that can be ideally provided by
cable.

The need of insurance companies to
share data has stimulated the formation of
a resale common carrier of SBS service.
ISACOMM, a communications subsidiary of
Insurance Systems of America, is selling
communications services to smaller users,
principally in the insurance industry.
ISACOMM initiated service through an

earth station in Wausau, Wisconsin and one
in St. Louis, Missouri in early 1981.
ISACOMM 1is now building earth stations in
Baltimore, Atlanta, Houston and Sacramento
and anticipates a total network of 40
earth stations by early 1984.

LOCAL DISTRIBUTION BY CABLE

Digital Headend

In several articles which have been
published recently reference has been
made to the "digital headend”. This dig-
ital headend will process signals that are
somewhat different from video signals and
will use modulation methods that may be
unfamiliar. Nevertheless, the analogy to
the classical cable television headend is
apparent.

On the customer's premises, racks of
equipment consisting of digital multi-
Plexers and standard bandwidth modems are
installed. The output of the modems are
frequency multiplexed on a two-way system
with the output from other modems. At the
earth station, there will be much larger
"Digital headends" receiving the modem RF
signals and processing them to a format
compatible with the satellite equipment.
For installations where the digital earth
station is not co-lbcated with the cable
headend, data translators may be required
to allow full access to any location in
the system. In many respects this
"digital headend" is less complex than
some of the very sophisticated cable head-
end systems which are being installed
today.

Figure 3



Distribution

The type of distribution systems used
to carry the data signals can be any one
of several types. In practice, most sys-
tems installed primarily to handle data
have been of the mid-split type. This
equipment 1s readily available and offers
approximately equal bandwidth in either
direction. Typical band edges for mid-
split amplifiers are 5MHz-108MHz upstream
and 174MHz~300MHz downstream. Several
manufacturers have recently introduced new
amplifiers which take advantage of the 400
MHz technology to extend the data handling
capacity beyond that of the mid-split
system. This system is referred to as a
hi-split system and provides a bandwidth
of 10MHz-172MHz in the upstream direction
and 234MHz-400MHz downstream. It should
be pointed out however that for limited
data applications, data signals can co-
exlst on the same cable with entertain-
ment and other services as long as suf-
ficient spectrum is available. As 1is
well known, the majority of these sys-
tems are designed around a sub-split
concept (5-30MHz, 54-300/400MHz) with its
obvious lack of equality in bi-directional
capacity.

Regardless of the type of system,
the broadband cable with its inherent high
signal to noise ratlio and linearity offers
an 1ldeal environment for the transmission
of data signals.

Multiplexing/Access

The
by cable
division

information that 1s to be sent
can be multiplexed using time
multiplexing (TDM) or frequency
division multiplexing (FDM). Some com-
bination of time and frequency division
access will probably be used for most
applications. Consider the data rates
which are commonly used in satellite
circuits (Table 1). If many low data rate
ports are available at one location, the
most cost effective method of transmitting
the signals is to time division multiplex
before modulation. On the other hand, the
higher data rate services are usually

sent single channel per carrier (SCPC)
using frequency divison multiplex on the
coax or satellite.

Another item that needs to be men-
tioned 1s changing access according to
the changing needs of different users
(multiple access). Pure time division
systems may be made multiple access by
allowing different users to occupy differ-
ent time slots on demand (TDMA). Like-
wise, freqency division multiplex systems
can be extended to demand access (TDMA or
DAMA). Another method that is commonly
used 1s called carrier sense multiple
access/collison detection (CSMA/CD).

"2

a station wishing to transmit
If

Basically,
using CSMA/CD listens to the circuit.
the link 1is idle, it transmits. If two
stations should transmit simultaneously
(collide), each attempts to transmit again
after a random delay.

TABLE 1

Commonly Used Data Rates for
Satellite and Terrestrial Services

Multiples of 1.2 Kbps 1.2, 2.4, 4.8,
9.6, 19.2 Kbps

Multiples of 56 Kbps 56, 112, 224,

448 Kbps

Tl 1544 Kbps

2T1 3088 Kbps

TiC 3152 Kbps

T2 6312 Kbps

Modulation

In addition to the multiplexing and
accessing method, one also has to consider
the modulation that 1s to be used. The
basic possibilities are amplitude shift
keying (ASK), phase shift keying (PSK),
and frequency shift keying (FSK). An
attractive method for transmitting on non-
linear systems (satellites) is PSK. PSK
transmission can take place using any num-
ber of phases, e.g., two phases (bi-phase,
BPSK), four phases (quad-phase, QPSK),
etc. BPSK and QPSK are widely used in
satellite SCPC circuits. When transmit-
ting at high data rates on cables, the
frequency spectrum must be conserved.
Since the cable 1s relatively linear and
the signal-to-nolse ratios are high, an
attractive modulation method is a com-
bination of amplitude and phase shift key-
ing. The measure of transmission effici-
ency normally used is called bits/Hz.

This is the number of bits per second that
can be transmitted in one Hz bandwidth.
The number of bits/Hz for BPSK is one,
QPSK is two and for a combination of amp-
litude and phase shift keying, can be 3

or more. For data rates of Tl or larger,
a combination of amplitude and phase shift
keying should be considered for use on the
cable in order to conserve spectrum.

On the other hand, consider the case
of a large number of users at different
locations, each user having a relatively
low data rate, and each user transmitting
occasjionally. Here a modulation method
can be employed that uses spectrum less
efficently but yields less costly hard-
ware, e.g. FSK. 1In addition, the system
could employ CSMA/CD, giving all users
access to the same channel. 1In most
cases, it is evident which type of mod-
ulation method should be employed. For
further information on data modems for



cable networks see the reference below.

Application for Cable

We have discussed the potentially
large market for cable serving as the
local distribution facility connecting
businesses with satellite common carriers.
We have discussed some of the technical
methods that are available for implement-
ing this cable distribution system. Now
let us consider an example of two current
business needs that Scientific-Atlanta
is helping address. Business A wants to
establish a dedicated communication link
to another city with 8 voice channels,
one 9.6 Kbps circuit, one 56 Kbps circuit
and one 224 Kbps circuit. Business B
wishes to communicate with 70 voice chan-
nels through the same satellite communica-
tions earth station. Forty-eight voice
channels can be digitized on a commercial-
ly available D4 channel bank and sent on a
TIC (3.152 Mbps) circuit. Data multiplex-
ers can be added to one D4 channel bank in
order to provide the 8 voice channels and
the various data circuits. The TIC out-
put from the D4 channel bank is then fed
into a spectrum efficient TIC modem and
converted to the appropriate frequencies

for transmission on the cable. (Figure 4)
It should be noted that Scientific-Atlanta
modems can transmit TIC (3.152 Mbps) using
slightly more than 1 MHz (1/6 of a video
channel). The 70 voice channel require~
ment for Business B can be satisfied

using two D4 channel banks and two TIC
modems. Both customer requirements can be
satisfied economically using the config-
uration shown in Figure 4.

CONCLUSION

Cable television systems can play an
important part in the intracity distribu-
tion of voice, data, electronic mail, and
other business communications. In only a
few years, cable has gone from an auxili-
ary system for areas with poor television
reception to the most versatile and econo-
mical system for mass distribution of many
channels of video entertainment. The next
step will be equally dramatic. It will
involve cable operators finding new busi-
ness customers for using the cable system
to distribute business communications
within the city. These customers will be
satellite communications carriers, large
corporations, financial institutions, mun-
icipal agencies, and hospitals and univer-
sity complexes.
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COMMENTS ON AUDIO SERVICES FROM AN MSO VIEWPOINT

Ned L. Mountain

UA-Columbia Cablevision, Inc.
San Angelo, Texas

ABSTRACT

During the past year much has happened to de-
velop the full potential of audio, yet much remains
to be done. This paper is an expansion on ideas
originally developed in the 1980 NCTA session on
Audio Services. Thoughts concerning programming
availability, satellite technology, premium signal
security, and practical operator implementation
will be presented.

INTRODUCTION

There continues to be a flurry of relatively
low-level activity with respect to cable audio ser-
vices. At least two satellite delivered cable TV
channels are or will be equipped with full stereo
sound, and approximately 7 (I think the number
changes daily!) satellite delivered audio only ser-
vices are on the drawing board. Needless to say,
the main push for these services is from potential
program suppliers who feel that a genuine unserved
market does in fact exist. Since most of these
suppliers view cable as their primary delivery veh-
icle, the MSO is wise to keep an eye on continuing
developments.

KEY INGREDIENTS TO '"MAKE IT HAPPEN"

There are three key ingredients that must be
cultivated and blended to provide the successful
implementation of an audio service revenue stream
overlay.

1. Economic nationwide availability of
unique audio product.

2. Development of acceptable cable delivery
schemes for a premium audio signal.

3. Empathy by cable operators that audio

should be taken seriously.

There are many interrelated marketing and
technical issues of the above three factors that
will be a part of the accomplishment of my objec-
tive: A quality premium audio service for cable
subscribers.

THE PROGRAMMING ISSUES

One of the most common comments I hear when
promoting audio services is to the effect that

143

"with over 9000 radio stations in the U.S. what
can possibly be left undone - especially in the
major markets?" My answer is to use the analogy
to television, a medium that until the rebirth of
cable provided very limited diversity. The same
ideas that are resulting in success (and failure)
stories with video alternative programming can be
applied to audio. While not all audio alternative
programming will be successful, I feel that sever-
al key technical ingredients are mandatory to de-
fine a minimum acceptable service:

1. Full Stereo — The home audio market is
accustomed to it now and will accept

nothing less.

15KHZ Bandwidth - The public now associ-
ates quality with at least "good cassette
deck" frequency response.

Low Noise - Stereo S/N ratios on the or-
der of 60 dB should be the objective.

Low Distortion - The state of the art to-
day 1s such that distortion levels of 1%
or less are easily obtained.

Full Dynamics - The amount and type of
audio processing used by radio stations
in an attempt to "sound louder than any-
thing on the dial" is just not necessary
in the cable audio environment! Contrary
to popular opinion, dynamic range is an
attribute that is just now being exploit-
ed as an important element in all music
formats. Even recent rock albums are
taking advantage of the increased dynam-
ics offered by digital recording tech-
niques. Cable audio can provide enhanced
dynamics without fear of competitive pres-
sures assoclated with trying to sound
loud.

Satellite subcarrier is the most viable meth-

od of nationwide bulk distribution of cable audio
signals. Unfortunately with few exceptions it has
been difficult to justify satellite subcarrier
spectrum and inherent video degredation while main-
taining "entertainment grade" audio parameters.
It is encouraging to see the activity in the area
of subcarrier transmission improvements. As cable
audio grows it may be possible to justify using a
full transponder for audio services.

To summarize this section, the work being



done today by several groups and individuals to de-
fine and overcome both technical and non-technical
obstacles to nationwide distribution of cable au-
dio services is most encouraging. They can't all
be wrong)

DELIVERING AUDIO TO SUBSCRIBERS

Assuming that the programming folks get a
quality product to our head ends, how do we best
get the signal to the subscriber? The most common
practice is to feed the composite multiplex FM sig-
nals to the plant at aural carrier level (approxi-
mately -15dB from video carrier level). Recent
experiments in San Angelo show that this results
in a delivered stereo S/N ratio of 55.5 dB at the
end of a 22 amplifier cascade. (See Figure #1)
Note that there is approximately 12.5dB degreda-
tion between mono and stereo signals at the sub-
scriber drop. The cable industry 1is presently de-
livering marginal stereo signals at this level.
Note that if this level is raised 5dB, the result-
ant stereo S/N ratio measured 59.5dB, which is
acceptable. Consequent distortion products as a
result of this additional amplifier loading should
be insignificant but further analysis needs to be
done. In terms of pure power loading, the addi-
tion of 50 FM carriers at a channel 6 video -10dB
level will require an additional .38dB over and
above the load imposed by the same signals 5dB low-
er in level. (Reference to a Fully Loaded 35 Chan-
nel System)
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For delivery of protected audio services, the
operator has several options to consider:

FM Band Trap: Broadband FM traps have been
built and are effective at points where the
total rejection is greater than about 55dB.
Since several areas in a trap stop-band are
not attenuated 55dB or greater, care must be
exercised when choosing premium audio fre-
quencies, Trapping is probably not econom-
ically viable unless FM penetration approach-
es 40%.

Block Conversion: Simple frequency conver-
sion as a method of "soft" security worked
for several years in the early days of Pay

TV and the same approach could be taken as an
inexpensive vehicle to prove the economic
soundness of pay audio. Using this method,
premium audio services would be transmitted
on the cable at some part of the cable spec-
trum other than the FM band (say 108-120 MHz)
and simply converted back to the FM band by a
""stereo-top" adapter. The block converter
idea will not work in areas of high FM satur-
ation due to frequency congestion.

Discreet Channel Converter: This device would
be analogous to the single channel output
CATV set-top converters in use today. M
signals would be transmitted in unused cable
spectrum and converted to a single unused
space in the FM band. Channel selection
would be done from the "stero-top" adapter.
A variation of this idea would be to avoid
the multiplex format entirely and transmit
discreet left and right audio signals as in-
dividual low-level FM carriers. This would
allow the use of extremely low-level signals
(video minus 30dB) to provide high quality
audio fed directly to the subscriber's amp-
lifier. (Seems like a good use of 108-120
MHz!)

Digital and other High Security Techniques:
It is possible to provide relatively high le-
vels of security to the audio signal by dig-
ital or advanced analog techniques and limit-
ed research has been done in those areas pen-
ding proof of economic soundness of the pay
audio concept.

CABLE OPERATOR EMPATHY

The best laid plans of the potential program
suppliers will fail unless cable operators take
the opportunity seriously! I compare the poten-—
tial of audio hook-ups to that of second TV set
outlet penetration which has shown significant
growth as illustrated by figure # 2.

A recent "Business Week" article indicates
that even though the U.S. component audio indus-
try is "soft", sales have been in excess of 1 bil-
lion dollars annually since 1976. Virtually all
of those component units are connectable to cable
systems.

A survey by UA-Columbia conducted in Alamo-
gordo, New Mexico indicated that 10%Z of those re-
sponding would be interested in a pay audio ser-
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vice offering 8 commercial free formats for a fee
of $3.50 per month.

Warner-Amex, in the process of dolng market
research for "The Musical Channel," discovered
that 96% of those in the 15-30 age group possess
an FM stereo receiver in the home and listen to
them an average of 19 hours per week.

The UA-Columbia system in San Antonio recent-
ly passed the 50,000 subscriber mark with 33% of
the subscribers electing to have theilr FM sets con-
nected to the cable even though nothing more than
Broadcast FM is offered.
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FIGURE 2 - SECOND OUTLET GROWTH HAS BEEN
SIGNIFICANT AND RELIABLE OVER
THE YEARS IN THE SAN ANGELO,
TEXAS SYSTEM. FM OUTLET GROWTH
COULD BE EQUALLY AS IMPRESSIVE.

We as an industry do have an obligation, even
without mandatory legal requirements, to provide
high quality signals as a part of basic service in
areas where FM 1s promoted. Any system promoting
™ service should posses a decent quality FM ster-
eo tuner and an empathetic set of ears to judge
overall quality of stations carried. Simple mon-~
aural tuners will not reveal the majority of prob-
lems that can ruin FM stereo multiplex.

Due to lack of measurement techniques for
judging on-air FM transmissions without the aid
of test signals, I can understand the reluctance
of cable engineers to get involved with cable
audio quality analysis.

SAN ANGELO FM UPGRADE

As a result of work done for last year's
NCTA session on Audio Services, I was encouraged
by UA-Columbia management to '"upgrade' the FM ser-
vice in San Angelo, Texas. The objective of the
project was to provide a comprehensive high qual-
ity audio entertainment service that would be head
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and shoulders above the off-air market, and monit-
or subscriber response to the program.

Prior to the implementation of this program,
we had a total of 11 FM signals on the San Angelo
cable system.

4 Local FM Radio Stations

1 Off-Air Direct Import (90 Mi.)

4 Terrestrial Microwave Subcarrier

2 Local Origination (Christian Radio and
___ Background Music Service)

11

Analysis (subjective, I might add) of our sig-
nals indicated that 1 local FM had severe multipath
distortion in stereo and all terrestrial microwave
stereo signals suffered from significant degreda-
tion in the form of beats and noise.

Working closely with both local system and
corporate management, a revised FM band plan was
designed and the necessary equipment was ordered
to implement the service which included 18 sour-
ces; a 64% increase over the previous cable FM
package. These sources included:

Local Off-Air (No Change)

Local Origination (No Change)

Off-Air Import (No Change)

Terrestrial Microwave (3 Additional Sta-
tions)

Satellite Subcarrier (WFMT-New)

Short Wave Channel {(New)

NOAA Weather Rebroadcast (New)

WWV Rebroadcast (New)

—
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This package was designed to provide a signi-
ficant increase in quantity and variety over any
off-alr or previous cable FM offering.

Technical implementation of the package was
mostly straightforward. A new FM omni-directional
antenna was purchased and provided excellent ster-
eo pick-up of local signals. It should be noted
that all hetrodyne processers were adjusted for
peak performance by both eye and ear. 1In some
cases, the most distortion free stereo sound was
not at the exact peak when going through the align-
ment with a spectrum analyzer.

All terrestrial microwave signals are proces-
sed with the unique up-converter manufactured by
Leaming Industries. The active filter in this
unit does a very effective job of removing audible
beats from subcarrier derived stereo sources. A
wide deviation Leaming unit is used for receiving
WFMT via satellite. The NOAA and WWV package were
purchased from Catel and do an excellent job.

One of our most innovative channels 1s our
"Ear To The World" short wave broadcast service.
Many people do not realize that a significant
part of the world relies on short wave news and
entertainment. Some very excellent programming is
there for the taking! 1In fact, over 18 million
short wave receivers have been sold in the U.S.
during the past 10 years. There are currently 34
countries beaming sEort wave programming of which
much is in English. Utilizing a new receiver de-
veloped by Sony, we will provide a fully automated



24 hour per day short wave channel that can be pro-
grammed to provide the most interesting and bene-
ficial programs to our subscribers. To the best

of my knowledge, this will be the first fully auto-
mated 24 hour a day SWL cable service in the U.S.

WHAT ARE THE RESULTS?

The FM up-grade was completed on December 20,
1980. (The author really wanted WFMT for Christ-
mas!) The next phase (and still continuing at
this time) is to monitor the overall impact of the
enhancement to the basic cable service.

Newspaper ads were run beginning in January
1981. Both Catel and United Video provided point
of sale material which was distributed to local
audio dealers at a luncheon announcing the service.
An attractive FM channel guide was printed and made
available. It is interesting to note that all of
the 5000 guides originally ordered were gone with-
in 10 weeks. One local stereo dealer provided an
attractive demo unit for use in the front office
of Texas Cablevision to aid in Cable FM demonstra-
tions. This same dealer pays for the subscriber's
FM tap installation with each stereo system sold.
The most effective form of advertising, word of
mouth, is just now getting underway.

I think that the best indication of interest
in cable audio can be seen from Figure #3 which
plots FM extension sales on a quarterly basis from
1975 to present. The first significant "peak"
occurs coincidentally with the addition of a major
market rock station (see my 1980 NCTA paper for
further details).3 I have every reason to believe
that the record activity level coincidental with
the launch of "Musical Theatre Plus" will continue
for some time to come.

SOME CONCLUDING REMARKS

I continue to operate on the faith that soon-
er or later the concept of premium audio will be
proven and accepted and predict that within 12 mon-
ths, at least two new cable oriented audio services
will be available. Just like video - once 1it
starts, look out!

A good imaginative and well planned cable FM
service should at least be thought of as a natural
part of the basic cable package. Good audio is
appreciated by a demographically powerful group...
the young adults who grew up surrounded by music
and continue to enjoy it... all types of it! For
example, the 25 to 34 age group is 57% more likely
than the average of all adults to regularly listen
to classical music.

As Warner's "Music Channel" will prove, the
subscriber's thirst for high quality stereo TV pro-
duct will be unquenchable. The smart cable opera-
tor will realize this and capitalize early.

A good analogy to the development of audio
services can be found in a recent paper describing
the resistance to the development of Texas Instru-
ment's highgy successful "Speak & Spell" educa-
tional toy.” The author states: "After the re-
search is done and the data tabulated, the answers
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are still the result of the convictions of the de-
signer."
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COST DESIGN FACTORS FOR RURAL DISTRIBUTION

FREDERICK G. GRIFFIN, P.E.

FREDERICK G. GRIFFIN, P.C.
3229 Waterlick Road

Lynchburg, Virginia

ABSTRACT

This paper describes design features
for rural CATV systems, using the sub-low
technology. The problem, the technology,
the solution, and an example are dis-
cussed. Also covered are maintenance
techniques and ingress detection
procedures.

THE PROBLEM/CHALLENGE

The rural designer is typically
working in a rugged terrain area which
is on the edge of the "B" contour of
stations, and with a modest subscriber
base.

The system designer then is
challenged with a minimum cost design in
general, but more specifically, the head
end cost is a substantial portion of a
small system. This head end cost is com-
posed of substantial monies for new roads,
building and utility construction.

The rural community is typically
distant from major markets which dictates
that the designer is faced with the op-
tion of trying to find an optimum high
elevation head end site. Oftentimes, the
top of a mountain is either not developed
or not satisfactory for low level distant
signal detection.

Since people typically live on the
side of the mountains or in the valley,
is relatively inexpensive to gain access
to the side of the hills. With this tenet,
often two head end sites can be found fac-
ing in different azimuths and sometimes
down valleys to pick up the distant
receive signal.

it

THE TECHNOLOGY

Using two lower elevation sites that
have limited peripheral access to RF sig-
nals is acceptable, if they can be tied
together with modest expense.
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Using this type of configquration,
road costs and utility costs are minimal
or non-existant. Typical road costs can
run anywhere from $10 to $100 per foot in
rough terrain, plus the cost of power
line construction and other factors. If
the situation present dictates, there can
be little or no increase in the cable
plant investments and no head end site
cost.

The technology tool available to the
rural designer is the sub-low configura-
tion. Sub-low configuration of trunk and
distribution amplifiers has been known for
some time now in the cable industry. How-
ever, the application and discussion
typically has been in the urban market for
either return from the home usage or dedi-
cated channels such as teaching, education,
traffic control, and so forth.

With a sub-low return up to four
channels can be received at a remote site
and trunked back via the sub-low techno-
logy to a main head end site where they
are reprocessed and distributed.

The radiation sleeve series connec-
tors and the integral ferrule connectors
used in the urban markets can be used in
the rural area to allow the satisfactory
use of channels T7, T8, T9, and T10 in the
presence of short wave, ham, and CB bands.

THE SOLUTION

A solution to the head end site
selection, then, is not to go for the
highest peak with the cost of non-revenue
producing trunking, road construction,
etc., but rather go for an optimum con-
figuration of two or more sites close to
the population pocket and tie these toge-
ther through the subscriber cables.



An Example

An example of the application and
implementation of this type of rural
sub-low design is the system our firm
recently designed for Giles CATV, Inc.,
which serves the small community of
Narrows,” Virginia, located in the New
River Valley near the Virginia-West
Virginia line. Figure 1 shows a
simplified composite of significant
terrain features, received signals, and
the community served.

PRIN HEAD END
2000°

3600 RIDGE—

FIG. 1.0 D WY PATH

Two sites were selected (Photo 1
and 2), one on the east side of Stockpin
Mountain to the west of the served com-
munity, and one on the north side of
Angels Rest Mountain to the east of the
community, thus eliminating costly road
construction.

Photo 1.
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Photo 2.

These two sites were then connected
by ten sub-low return amplifiers. The
Stockpin location, which is the remote
site on Stockpin Mountain, was not con-
structed of a building, land, rack, etc.,
as is typical CATV, but was rather a de-
signed and fabricated pole-mounted facili-
ty. The block diagram of this fdur-
channel pole-mounted head end is shown in
Figure 2.

The metal enclosure is a catalog pur-
chased item from Acrodyne. This type of
enclosure is typically used for tele-
vision translators (Photo 3.) The box
power control panel was removed and four
signal processors were mounted inside.
This unit comes complete with ventilating
fans. The test points for the antennas
were mounted on the left rack channel, and
the forward and reverse test points were
mounted on the right channel racks (Photo
4). It was found that more stable perfor-
mance was achieved by placing an attenua-
tor in the outgoing path, such that the
signal processor operated near their typi-
cal head end design levels rather than a
substantially reduced level.
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with cable, and where bucket trucks may

Photo 3.

| Bhufésg'

mm[l

Photo 4.

It is interesting to note that both
head end sites have subscribers within
the first amplifier span spacing; thus,
ther~ was revenue produced almost in the
first foot of cable. No non-revenue
producing trunking to get to the head Lj
end! 13
The sub-low channels at the remote 2
site were loaded into the system with a
1/2 dB slope T7 to T8 and T8 to T9, with
T10 being loaded the same level as T9.

This has proved to be a satisfactory
relationship and the ten amplifier cas-
cade was easily aligned and equalized.

MAINTENANCE TECHNIQUES

Several maintenance techniques are
helpful in the rural systems where most
of the new personnel are not familiar
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not be in the initial budget of a small
system.

° Pocket cards: Shown on Tables 1,
2 and 3 is the data that has been
put on 3 x 5 index cards to be
used for a rapid acquaintance of
the system.

-20

Card 1 of 3 is a line card with
actual system meter levels
given and boxed.

Card 2 of 3 is an installer's
card with instructions reduced
to paces on when to use RG-59
or RG-6. For rural areas and
long drops, RG-6 is a cost
effective application.

Card 3 of 3 is a cable and com-
ponent loss card for trouble
shooting used with system as-
built drawings.

SYSTEM LEVELS BRIDGER
TP/Meter In Put Out Put IP/Meter Out Put IP/Meter

10 32 50 +20
14 30 48
18 26 b4
27 17
27 17
26.5 17.5
26 18

Card 1 of 3

LINE EXTENDER

High Gain Standard
IP/Meter In Put TIP/Meter In Put Qut Put TP/Mater
=10 20 -6 24 Line Bxx. 50 +20
-8 22 4 26 48 +18
-4 26 0 30 44 +14

Tap +15db min., @ Ch. 13
Subscriber 0db per min all channels

Table 1.



° Pole drops: The input, output,
and bridger test points are

DROP INSTALLATION cabled down to the four-foot level
Tap +15 Min 1-2 brop for use in trouble shooting and
RG-59 use_for up_to 60 paces_180' are color coded: green is trunk

""""""""""""""""" output; blue, bridger output; and
input is unmarked (Photo 5).
RG-6 use for 60 to 100 paces 180' to 300'
° Head end levels: To simplify the
Jap +15 Min 3-4 Drop output level setting of the head
end, scraps of distribution cable
were spliced together to be equi-
vilent to 1/2 trunk amplifier
RG-6 use for 35 to 75 paces 105' to 225' spacing and brought back to the
Card 2 of 3 head end (Figure 3). This, then,

is a flat all-channel test point
for meter reading.

RG-59 use for up to 35 paces 105'

DROP EXTENSIONS
"CORRECT RECORD PRINTS AFTER RETURN TO OFFICE"
RG-59 each db Tap decreased
Adds 7 paces 21'

“CORRECT RECORD PRINTS AFTER RETURN TO OFFICE"
RG-6 each db tap decreased
Adds 9 paces 26'

Table 2.

TAP INSERTION LOSS
Tap Value 8 11 14 17 20 23 26 29 30

2 Way 3.8 1.9 0.9 0.6 0.6 0.6 0.5 0.5 0.5 Photo 5.
4 Vay - 3.8 1.9 0.9 0.6 0.6 0.6 0.5 0.5
8 Vay - - 1.9 1.9 0.9 0.6 0.6 0.6 0.5

Label Color GRY BRN YEL. PUR BLK ORN BLU WHT RED TO SYSTEM TRUNK

Card 3 of 3
CABLE LOSS db/100' FIG. 3,0 HEAD EWD ALINGMENT
30043 Ch,13 Ch,2 T10 I7_
Trunk 3/4" .895 745 .34 .26 .10
istribution 1/2" 1,32 1,10 ,50 .38 .15
%G=6/U 3.8 3.1 1.5 1.2 .45
4G-59/u 4.8 3.8 2.6 1.4 .55
DIRECTIONAL COUPLERS LINE SPLITTERS © Highpass matching transformers:
Figure 4 shows the simplified "off"
pesb 2.3db sB-2 4.3db position of a two-way system. The
bc-12 1.5db 8p-3 6.3db problem is that the all pass match-
DC-16 1.3db SP-3U (2)6.3db ing transformer connected to a TV
(3) 4.3db set acts like an antenna to back
feed into the return path. The
Table 3.
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only isolation up to the first line
extender is one switch which term-
inates the input reverse amplifier.
After that you have two in a series
--either a trunk and bridger, or a
line extender and bridger. As a
preventive measure, the first cable
span from a brideger has a high pass
matching transformer install on all
sets to safeguard ingress.

R

FIG. 4.0 "OFF" REVERSE PATH

° Full tap design: The USDA, REA has
proposed a singie cable taped trunk
design for lightly populated areas.
We feel that the introduction of
connectors into the trunk add to
unreliability; however, if a com-
plete area design is performed and
the taps are left out until they
are needed, substantial savings can
be accomplished by deferring both
material and labor costs.

INGRESS

It was found that the higher freg-
uency (mid band) detectors showed a tight
syster while there was still viewing im-
pairment from short wave broadcast. This
was later tracked by the techniques listed
below to too-long center conductors which
left a sheath vacancy in "not" bottoming
of the radiation shield connectors. The
short wave signal appears to travel on
the surface.

A second level of detection for sub-
low integrity was a relatively inexpensive
battery powered short wave receiver (in
the $50 range). This is used by jacking
in at a pole drop and tuning to either
carrier and then unplugging to see if
there is gtill an audio signal in the
receiver (Photo 6). The banding strap at
the end of the lashing cable is a good
place to find an area of non shield
integrity, then track either way to the
egress fault source.

Even with the short wave receiver,
there were initial construction defects
which were not detected. These were prin-
cipally improper splices where the sheath
was not up inside the connector as a re-
sult of the center conductor's being left
too long. The ultimate method of detect-
ing these was to mount a mobile test
setup as shown in Figure 5, and track the
signal from the sub-low source pole by
pole comparing visual impairment from
input to output. This mobile setup was
by far the most sensitive and responsive.
It was our experience that each connector
needs to have a final visual quality con-
trol inspection by taking off the com-
pression nut after installation.

Photo 6.
INPUT
TP —— ———— ===
~-—] AfB
SWITCH T78 SP 10 ONVERTER D
OuUTPUT
TP TV %t
F16, 5.0 MBILE TEST SEV



CROSS-MODULATION IN HRC SYSTEMS

G. G. LUETTGENAU

TRW SEMICONDUCTORS
14520 Aviation Boulevard

Lawndale,
Abstract

The nature and origin of AM and PM
cross-modulation is discussed. A typical
cascode amplifier is examined.

A 400 MHz CATV Hybrid is thoroughly
characterized with respect to various
forms of third-order distortion. It is
shown that phase cross-modulation is a
major factor at high frequencies.

Because of the pseudo-single-side-
band nature of TV transmission, PM distor-
tion becomes visible. Predictions for
the shape and magnitude of visual mani-
festations are made. A practical experi-
ment is described.

Cross-modulation in 52 channel HRC
systems is investigated using a computer
model. Significant improvements are
predicted.

Cross-modulation in CATV Amplifiers

Historically, cross-modulation is the
oldest form of third-order distortion re-
cognized in CATV Systems. The concept was
taken from the AM radio field, and was
redefined by the NCTA. It causes the
typical wind-shield wiper effect, which
is easily recognizeable.

As the channel loading increased over
the years, another form of third-order
distortion became apparent. Soon the
horizontal streaks of the composite tri-
ple-beat phenomenon dominated.

This led to a situation, where the
main linearity criterion was CTB, with
good cross-mod performance being taken
for granted. Indeed, the cross-modulation
of typical amplifiers is much lower than
the theoretical predictions made in the
early literature(l). This welcome charac-
teristic was described and explained by
Meyer et al (2). It is, in principle,due
to the fact that phase-shifts in feedback
amplifiers tend to convert amplitude
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cross-modulation to phase cross-modulation.
Since X-mod is, by NCTA definition, mea-
sured with an AM detecting instrument,
substantial improvements were often regis-
tered. It is possible for all AM X-mod

to vanish, provided the open-loop gain of
the amplifier is large and there is a 90°
phase difference between the open-loop
gain and trasmission angle of the feed-
back network. In CATV amplifiers, as a
first approximation, the transistor gain
has an appreciable lagging angle (at high
frequencies), whereas the feedback net-
work is essentially resistive and does not
turn the phase. .

It has been suggested that broadband
AM to PM conversion can be achieved by
proper circuit design (3). In practice
circuit considerations for gain flatness
and good match may limit the freedom of
the designer.

The Sources of X-Mod

Nearly all CATV amplifiers presently
in use employ the push-pull cascode con-
figuration. The push-pull feature has
no influence on third-order behavior.
cascode arrangement, a common-emitter
stage driving a common-base stage, con-
tains two main sources of cross-modulation.

The

The base-emitter junction of the C-E
stage is the major origin of AM X-mod.
The amount of distortion is a function of
resistor values in the base and emitter
legs, the beta of the transistor, and the
emitter current. F¢ or other high fre-
guency parameters do not enter signifi-
cantly. This results in the fact that all
amplifiers having like gain and current
consumption have about the same X-mod
performance on channel 2.

As the frequency rises, the common-
emitter stage will exhibit an increasing
phase lag, depending upon the cut-off fre-
quency of the device. This phase-shift
contributes to the gradual conversion of
AM to PM cross-modulation. 1In 400 MHz
amplifiers a 6-104dB reduction in AM X-mod
between channel 2 and Hl4 is not uncommon.



It would be guite wrong, however, to as-
sume that merely a phase shift of the
cross-modulation sidebands occurs and that
the absolute spurious power remains to be
the same.

At high frequencies the non-linear
junction capacitors become significant
contributors to 3rd order distortion. Of
these the output capacitance of the common-
base stage has the greatest influence.
The junction capacitances are responsible
for the increase in triple-beat at high
frequencies. Their effect on cross-modu-
lation is the addition of significant
phase X-mod in addition to the converted
AM portion.

While phase cross-modulation in the
past has received little attention, the
visibility and possible performance limi-
tations were pointed out by Gumm (4). In
order to determine the quantities in-
volved, the following set-up was assem-
bled.

DIX-HILLS CA4201 BANDPASS

52 CH. 17 dB o] FILTER

GENERATOR GAIN BLOCK

RMS SELECTIVE AM~-FM

AUDIO IAUDIO MODULATION

VOLTMETER VOLTMETER ANALYZER
Figure 1. Test Set-up

The amplifier under test was loaded
with 52 channels, flat, at 464BmV. AM
cross-modulation sidebands were measured
using the AM detector and selective audio
voltmeter., PM sidebands were calculated
from measured FM deviation(IF bandwidth
400 kHz, audio roll-off 75 kHz). Triple-
beat was read on the RMS audio voltmeter
(IF bandwidth 20 kHz, audio roll-off 15kC).
Figure 2 shows the power in each one of
the AM and PM cross-modulation sidebands.
To obtain NCTA composite X-mod, subtract
10dB from AM sideband values. It is evi-
dent that over much of the frequency range
the power in the phase X-mod sidebands
dominates. An interpretation of the vi-
sual effects will follow.

Plotted on Figure 3 is the RMS triple
beat voltage and the effective RMS volt-
age of the combined cross-modulation side-
bands. Both are of similar magnitude and
show similar frequency behavior. The
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triple~beat number shown here is the true
RMS value. A spectrum analyzer, used in
the logarithmic mode, will indicate a bet-
ter value. Arnold has shown (5) that the
difference between the true RMS value and
the spectrum analyzer reading, which is
often quoted, is approximately 3dB.
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Figure 3, X-mod and CTB

Visual Effects of PM X-Mod

PM cross-modulation becomes visible
on a TV screen because TV transmission
uses a pseudo single-side band system.
Consider Figure 4. The picture carrier is
positioned on the halfway point of the
Nyquist-slope. Phase modulation of the
picture carrier may be expressed in equiv-
alent frequency deviation, which in turn
is slope-detected. Thus, PM X-mod side-
bands can be expressed as equivalent AM
modulation sidebands. For the condition



shown in Figure 4 the equivalent AM is

f
AM (dB)=PM (dB)+20*log (m) (1)

For fpog = 15.75 kHz, the equivalent AM
sidebands will be 31.62 below the PM value.

PICTURE CARRIER

‘-;___.NYQUIST SLOPE

]

{

{

I
1 T
! I I
1.2 g 3.6 >
bz | MHzZ I
]

Figure 4. Idealized TV Bandwidth

If the modulation of the interfering
carrier(s) is a square wave, a set of PM
sidebands will be generated. For a sym-
metrical modulation envelope, these will
be the odd harmonics, decreasing in ampli-
tude inversely proportional to frequency.
The equivalent AM sidebands will, however,.
be all of egual amplitude, because of the
term £ in Equation 1.

Assume that the modulating square-
wave has a rise-time of 140ns between
peaks. This is the fastest possible val-
ue in a 4.2 MHz video bandwidth system.
It can be shown that such a square-wave
must contain all odd harmonics up to har-
monic number 265. These can be accommo-
dated within the available bandwidth.

The first 20 odd sets of phase-sidebands
will fall onto the Nyquist slope and con-
tribute equally to the resulting conver-
sion into AM. Of the higher-order side-
bands, only the upper ones will contrib-
ute. Their influence will be inversely
proportional to frequency. Calculation
of the total peak equivalent AM modula-
tion is straightforward, but is best done
on a computer. For the conditions de-
scribed (15,750 kHz square-wave modulation
rise-time 140ns), the peak value of the
combined equivalent AM sidebands is:

AM peak (dB) = PM (dB) -31.62 + 35.11dB.
PM (dB) is the value of one of the first
set of PM sidebands. The width of the
peak exursion is quite narrow, the "6dB
time-width" is 0.212 nsec, that is =0.4%
of a horizontal scanning line. For a
practical example let us take the measured
data from Figure 2. The AM X-mod side-
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bands at channel M14 were -81.6dB.
translates into -71.6dB NCTA X-mod.
PM sidebands in the same channel were
-57.21dB. Using Equation 1 we may calcu-
late a p-p cross-modulation of -41.67dB
for this case. The results are illus-
trated in Figure 5.

This
The

— e—

AM X-MOD ON CW CARRIER

N
s

PM X~MOD ON CW CARRIER

T

Figure 5. AM and PM X-mod orr TV

On the screen we will first see a white,
then a black narrow vertical line at the
edges of the modulating square-wave.

In practice modulation voltages with
longer rise-times than 140 ns will be
encountered. If the rise~time is more
than 0.833 us, all associated PM sidebands
will fall on the Nyquist slope. In this
case the resulting AM cross-modulation is
easily calculated:

- d¢
Aw = F¢
where
Aw = Af * 2n = frequency deviation
d¢ = peak phase deviation
dB
= * aby
2 10 Exp (20) /4
where
dB = dB value of first set of phase side-
bands
dt = rise-time

For example, for PM sidebands of -60dB
and a rise-time of 833 ns, the frequency
deviation is 300 Hz. The p-p equivalent
AM cross-mod is

300

4*
* log (55 Boo

000) = 54dB

20



TV Screen Test

In order to observe the visual effects
of PM cross-mod the test set-up shown
under Figure 6 was assembled.

T,Awmmmh
CHANNEL 9 17 dB 10 vDC
BP FILTER AMPLIFIER BIAS
SUPPLY
V
B+W - PHASE AUDIO
TELEVISION MODULATOR GENERATOR
Figure 6. Phase Modulation of TV Signal

The phase modulator was a WB-Engineering
RF bridge, the capacitance diode a TRW
PCl1l7 (47 pF at 4 volts). When termi-
nated properly, 0.04 radians peak phase
deviation were produced at 187.25 MHz by
1 volt RMS audio superimposed on a fixed
bias of 10 volts dc. There was no dis-
cernible AM. The frequency of 187,25

was chosen because channel 9 was the best
channel at the test location. A modula-
tion frequency of 100 kHz was selected.
Vertical black and white stripes became
visible at a modulation voltage of .25V.
These had the same appearance as sinusoi-
dal AM cross-mod. At this point the PM
sidebands can be calculated to be:

PM (dB) = 20 * log (.25 * 0.04/2) = -46dB
The equivalent AM sidebands are:
100 kHz
_ - * e )= -
AM (dB) 46+20*1og (600 kHz) 61.6dB

Trained observers are said to be able to
detect cross-modulation due to -60dB side-
bands. The apparent discrepancy of 1.64B
could easily be caused by a slightly non-
standard Nyquist slope of the B&W TV set
used or by other minor imperfections of
the test set-up. In either case it is
shown that phase cross-modulation of the
magnitude observed in CATV amplifiers can
produce visible distortions.

Cross-Modulation in HRC Systems

The advantages of HRC operation are
well known. With few exceptions the
industry agrees that the best investment
towards better system quality lies in
converting to HRC operation. The elimi-
nation of all triple-beats has a drastic
visual effect. Some of the initial
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euphoria subsided when it was realized
that the triple-beat power did not vanish
completely but re-appeared as a form of
cross-modulation, albeit at a much reduced
level. Under HRC operating conditions the
multitude of triple-beat components which
otherwise constitute the CTB noise, become
a single voltage vector which is added to
the picture carrier affected. The magni-
tude of this vector is determined by the
magnitude of all contributing carriers.

If their amplitude varies, e.g., if they
are modulated, so will the amplitude of
the triple-beat vector. The effect is
modulation transfer or cross-modulation.
Switzer (6) showed early, that by con-
trolling the phase of the contributing
carriers, the individual TB components
could be made to cancel each other with
more or less perfection. Krick (7) de-
scribed a computer optimization effort
for 27 channels. With 52 or more channels
now at play, "phase-phiddling" becomes a
formidable task. In most HRC head-ends
for high capacity systems little or no
effort is made to obtain optimum phase
conditions.

This situation was investigated by
creating the following computer model:
A black box with a non-linear transfer
characteristic was assigned a first-order
coefficient, M], of unity and a third-
order modulation coefficient, M3, of
8 E-5. Fifty-two harmonically related
carriers of 46dBmV each were summed and
passed through the system. A random
number generator adjusted the phase of
each signal to an arbitrary value. A
Fourier analysis was performed on the out-
put which yielded the value of third-order
distortion products in each channel. By
making many computer runs with different
sets of carrier phases and by averaging
the results, the probable behavior of the
system could be determined. Figure 7
shows the probability with which a certain
dB value of AM cross-modulation (in terms
of NCTA definition) could be expected.
Through mathematical manipulation the
"classic" AM X-mod was eliminated so that
the results shown are solely X-mod due to
triple-beat components.

To put the results in perspective, we
may calculate the composite triple-beat
for a conventional system as described.

52 carriers on an HRC frequency plan gen-
erate 903 beats on 246 MHz. The composite
triple-beat (worst channel) is then:

(a)

CTB = 20 * log,,

46-60

A = 3/2%88-5 (VT*10Exp (2526%))2 553



CTB = -70.84dB.
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Figure 8 shows the probable amount of
apparent AM X-mod in each channel. Chan-
nel number 1 is 54 MHz, number 58 is 396
MHz. There are no carriers at 72, 90,
102, 108, 114, and 402 MHz. (Disregard
portions pertaining to these frequencies
on Figure 2, 3, 7, and 9). The typical
X-mod is -79.5dB. One may conclude that
in HRC systems CTB is converted to AM
X-mod at a level B.66dB below the CTB
value. It may be mentioned at this point
that the computer model also predicts
phase cross-modulation with exactly the
same distribution and sideband power as
the AM components. This seems plausible
because of the completely random nature
of the signal phases.

The results shown are simple averages
of 1000 computer runs. To demonstrate

values obtained from individual runs, 3
sets of predictions are plotted in Fiqure
9. As seen here, there is always the
chance of obtaining "bad" channels. 1In
this case some phase correction may alle-
viate the problem or move it to a less
critical channel,
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Conclusions

I was shown that HRC operation results
in an average AM X-mod 8.66dB below the
CTB reading. Since X-mod becomes visible
at about -48dB and CTB at -57dB, a total
visual distortion reduction of 17.66dB is
achieved.
lized if the "classic" cross-modulation is
negligibly small. HRC does not affect this
type of distortion in any way. While, due
to AM-PM conversion, the AM cross-modula-
tion may indeed be small, the PM compo-
nents may be so large as to become a
limiting factor. More investigation in
the light of HRC and 400 MHz operation
seems appropriate.
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DESIGN CONSIDERATIONS FOR MECHANICAL PACKAGING OF A CATV TRUNK STATION

Wayne Vaughn

Scientific~-Atlanta,

ABSTRACT

There are many aspects to be con-
sidered during the design of the mechan-
ical package of a CATV trunk station. The
various alternatives to be considered, and
the basis for decisions made during
housing design will be presented to help
establish comparative guidelines, and to
provide a base of information to aid com-
parison of the various designs on the mar-
ket.

Attention will be given to housing
configuration, selection of materials and
parts fabrication processes, compatability
of materials and other topics that are
considered during the design process.
Special attention will be given to ana-
lyzing the thermal performance of an
amplifier and showing how good thermal
performance can be created by housing
configuration during design. Component
operating temperatures have a primary
effect on unit reliability. Additional
options that increase total station heat
dissipation, the introduction of higher
gain block hybrids and the growing popu-
larity of pedestal mounting, make unit
thermal performance more and more impor-
tant.

The general requirements to be
considered during the design of a trunk
station housing consist of housing size
and form factor, product reliability and
maintainability, product service life,
unit strength and weight, and unit pro-~
ducibility.

This paper will outline the specific
requirements of the general considerations
listed above and then will show how each
of these requirements can be satisfied.
To design an integrated, functional pro-
ducible final housing assembly, consid-
eration must be given to proper housing
internal geometry and module placement,
proper material selection and parts
manufacturing processes, and proper unit
thermal performance.
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Inc.

Housing Geometry and Module Placement

Housing geometry and configuration
has a primary effect on unit maintain-
ability, reliability, external form fac-
tor and producibility.

Module placement is determined by
the required interfaces with the external
cables, equalization of heat distribution
within the housing and module to module
interconnections. Trunk and bridger
module placement into the housing strand
side is dictated by external cable inputs,
and the high heat dissipation of the
amplication hybrids requires that these
modules be mounted directly to an exter-
nal housing wall to ensure reliable
operation. The power supply and reverse
amplifier are the remaining high dissi-
pation modules so that their optimum
placement is in the opposite housing half.
This will provide a uniform heat dissi-
pation input into each housing half to
maximize the use of the external housing
surfaces for cooling. These modules
should also be mounted to an external
housing wall to provide adequate cooling
for high dissipation components. Power
supply placement should be to the hinge
side of a standard housing to minimize the
torgque required to restrain the moving
housing half during housing opening.
Placement of the Dual Pilot and Status
Monitoring/Bridger Switching modules is
less critical since module power dissi-
pation is low (dissipation of each module
is less than one-half of the bridger
hybrid alone). Placement of these modules
is therefor governed by module inter-
connections to provide a simple, pro-
ducible interconnection system.

Module to external cable center
conductor interconnection plays an
important role in overall unit perfor-
mance. The center conductor to module
interconnection scheme must meet several
requirements. First, the cable seizure
mechanism must clamp the center conductors
of the external cables while minimizing



center conductor deformation and damage.

A seizure that minimizes center conductor
deformation will reduce center conductor
stress concentrations and will make the
center conductor less likely to break
during the cyclic loading produced during
unequal expansion and contraction of the
cable outer and inner conductors (copper
center conductor and aluminum outer con-
ductor). Next, the seizure should provide
a direct interconnection to the modules
that is as close to 75 ohms in impedance
as possible to minimize system impedance
mismatch. Lastly, the seizure itself
should be capable of withstanding the cen-
ter conductor loads.

A cable seizure mechanism as shown in
Figure 1 will satisfy all of these
requirements. This seizure minimizes
center conductor deformation and damage
since the rotating pin insulator becomes
stationary after contacting the center
conductor allowing only compressive forces
to be input. This is superior to a sei-
zure that relies on a screw to contact
the center conductor since a screw would
input both compressive and twisting forces
in a drilling action. The cable seizure
shown creates an "F" connector when
installed into the housing. The modules
plug directly into this connector mini-
mizing impedance mismatch.
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Figure 1

Modules should be easily removable
from the housing to allow quick replace-
ment of a failed module. Module covers
should be easily removable to facilitate
module trouble-shooting and to allow the
quick interchanging of pads, equalizers,
trim networks and feedermakers when these
items are mounted within the module.

External housing size and shape should
allow pedestal mounting within a TV104
enclosure or smaller and the vertical
dimension of a strand mounted unit should
allow it to fit within a 12 inch strand
to phone line spacing. The external
housing should be gasketed to provide both
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an EMI and water tight enclosure for the
electronics. It is preferable to incor-
porate separate EMI and water gaskets with
the water gasket outboard of the metal EMI
gasket. Dual purpose gaskets offer re-
duced performance since they are a compro-
mise of the two functions. 1In a dual pur-
pose gasket, the presence of the rubber
for water sealing increases the electrical
contact resistance between the housing and
the conductive particles or fibers within
the gasket and the presence of the par-
ticles or fibers decrease the compress-
ability and resilience of the rubber gas-
ket compromising its sealing ability.

Cable connectors should mate with
stainless steel inserts installed into the
housing so that if anything is stripped
during connector installation, it will be
the relatively inexpensive connector and
not the housing. Connector port spacing
should be a minimum of 1.60 inches to
allow the installation of the 1 3/8 inch
Hex. bodied connectors used for some one
inch cable.

Material Selection

Material selection is the predominant
factor that determines unit strength,
weight and service life. Proper material
selection will also enhance product pro-
ducibility and reliability.

The properties required of the exter-
nal housing are good corrosion resistance,
pressure tightness and strength, low
weight, and good electrical and thermal
conductivities. Die cast aluminum meets
these requirements and offers the addi-
tional advantages of being relatively low
in price with the capability of producing
complex shapes so that cooling fins, screw
bosses and other features may be cast in.
The inherent corrosion resistance of
aluminum to both marine and industrial
environments is good as can be seen from
the comparison of metals shown in Table 1.

With good casting design, aluminum die
castings can typically be cast to be
pressure tight to 10 psig. This is
adequate for a trunk housing since only a
5 psi pressure decrease would occur inside
the housing with an instantaneous intergal
air temperature change from 160 to -50 F.
Of the aluminum die casting alloys, Alloys
13 and 360 provide the best combination of
properties with Alloy 360 offering slight
advantages over Alloy 13. A comparative
table of cast aluminum alloys is presented
as Table 2.



Table 1

Average Atmospheric Corrosion Rates of Various Metals
for 10- and 20- Year Exposure Times®

mils (in.x1o0”>)/¥r.

Atmosphere
N.Y. City La Jolla,CA St.College,PA
(industrial) {(marine) {(rural)
Years
10 20 10 20 10 20
Aluminum 0.032 0.029 0.028 0.025 0.001 0.003
Copper 0.047 0.054 0.052 0.050 0.023 0.017
Lead 0.017 0.015 0.016 0.021 0.019 0.013
Tin 0.047 0.052 0.091 0.112 0.018 -
Nickel 0.128 0.144 0.004 0.006 0.006 0.009
65% Ni, 32% Cu, 0.053 0.062 0.007 0.006 0.005 0.007
2% Fe, 1v Mn
(Monel)
Zinc (99.9%) 0.202 0.226 0.063 0.069 0.034 0.014
2inc (99.0%) 0.193 0.218 0.069 0.068 0.012 0.013
0.2% C Steel 0.48
(0.02 P, 0.05 S,
0.05 Cu, 0.02 Ni,
0.02 Cr)
Low-alloy Steel 0.09
(0.1 ¢Cc, 0.2 P,
0.04 S, 0.03 Ni,
1.1 Cx, 0.4 Cu
*Reference 5
Table 2
COMPARATIVE TABLE for COMMON ALUMINUM DIE CAST ALLOYS
Alloy*
380 13 360 384
Corrosion Resistance 4 2 2 3.5
Pressure Tightness 2 2 1 2
Castability** 2 1 1 1
Iridite Protection 5 3 3 4
Thermal Conductivity 0.24 0.29 0.27 0.23
Surface Appearance 3 2 1 N/A
Machinability 3 4 3 3
Electrical Resistivity 6.90 5.56 6.16 7.50
Density 0.098 0.096 0.095 0.098
Excellent = 1 Poor = 5

*pata from references 2, 3 and 4
**Castability is considered to be a combination of
fluidity and resistance to hot cracking.

The properties required of the
module housings are similar to those of
the external housing except that pressure
tightness is not a factor. Again,
aluminum alloys are the natural choice,
but since pressure tightness is not a
requirement, a module made from formed
sheet and plate can utilize the increased
thermal conductivities (approximately
double) of the wrought alloys to decrease
the temperature rises within the module.

The materials for clamps, hinges and
other external hardware should provide
adequate strength and corrosion resistance
to perform their functions during the
service life of the amplifier and should
be galvanically compatible with the cast
housing. A chart showing the galvanic
compatability of metals is shown as
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Figure 2. Since there are many factors
involved in the overall compatability of
metals other than the metals themselves,
the chart should be used only as a guide-
line. One important factor is the area
ratio of the anodic and cathodic mater-
ials. When combined, an anodic metal
will sacrifice itself to protect the
cathodic metal, so that very large areas
of anodic metals in contact with a small
area of cathodic material is not as bad
as a joint with the area ratios reversed.
Aluminum and stainless steel are not
galvanically compatible, for example, but
an aluminum housing joined by stainless
steel bolts would be acceptable where a
stainless steel housing joined with alum-
inum bholts would not. Due to the com-
plexity of the galvanic process and the
number of metals in contact in a typical
trunk housing, accelerated corrosion
testing for any new product should be per-
formed with new product performance com-
pared to the performance of a satisfactory
previous product.

Thermal Design and Performance

The reliability of the amplifi-
cation hybrids and other electrical com-
ponents within a trunk station is directly
related to the average component operating
temperatures. With the growing list of
trunk options available, increasing num-
bers of reverse systems, the introduction
of high gain block hybrids and the growing
popularity of pedestal mounting thermal
performance grows in importance.

A thermal analysis of the finned
Scientific-Atlanta trunk housing with
outside dimensions of 9 1/2"x8 3/8"x19" is
presented. To give meaning to the calcu-
lated temperatures, a curve of hybrid
failure rate multipliers versus mounting
surface temperature is shown as Figure 3.
The analysis is segmented with the temper-
ature rise associated with each discrete
thermal resistance, as shown in Figure 4,
presented separately.

The calculations presented are
for a housing aerially mounted in 50°¢
(122°F) environment with the sun shining
directly on the finned strand side ex-
ternal housing surface. The calculations
show a hgbrid mounting sink temperature
of 76.34 C.

If the same calculations were
performed for a housing painted white for
added corrosion protection, an addition
benefit of the white paint would be shown.



Figure 2

Galvanic Compatability of Metals

O A o
(19) o1 -00-re pow, gotvniand see
..«/ 4v4
4
Tnmwmﬁn\ .
I
Ourmm s SR R I O A 2
O el oraIo0 3003, 30048082, i il I f T w18 j
mhwn,:u-mum&"m A I [ d M
1356,300) l P I y = 16 /
@tw.vwﬂ.rw-m,wm corbon sieshs Areo of " 7 a /
(010107010401 rwehey tese (330,435, poterriigl dference | ) ! p -
@30,4140) i ) /Permiszibie metol choscs s A
@ aummm 1 comer-magrasm type W L S ; c]
slloys 12017, 2117,2024) i f % 12 /
(1)L eod,0ohd or plotes, A =t
- - 777 ° /
Q) tme-giete; ¢ 10
(D)gtromivrn grated, i, shoed. 123 chvariom & s /7
Ty esivtont aipe § (430 416} | o
/! £
©‘%z‘w.me’,ﬂn - -
Oue ! ot '/ AY 3 .
o, | V By
8 o= reems St —_r 2 Data From Reference 1
Conpor, 20hd ond plated: ipw brosar o bwvwne,: + "
e TR = 1 |
(Dcasi sot o prote Mo maret gh i s 20 40 60 80 100 120 140
7 Sink Temperature °C
(33w, s0b0 o potes, Mg v st 7 —-.F .
(2) Patum-pisiod or sive-sions copper 7 — Figure 3
o] - 4
v i
O Q0 OOOLE OELE ®®49 é{’)
Hybrid
| 7 No Mica Insulator
F; 1.60 — _ With Mica Insulator
w 1.50
M o1.40 j'\ Mounting Interface Pressure
1.3 3 \\ Calculated By The Following
2301
Module Wall 8 1.20] N Erperical Fermila
9 A,2 10 o S=iv
R2 $ Rl u e
3] 1.00 J Where:
[ External Housing 3 > u .90 | Sﬂ;k:lilnting Interface Pressure
o o .80
i R3 / wall il 70 N=Number of Screws
:'g : A=Interface Area, sq. in.
Z 3 T H -60 2 D=Screw Diameter, in.
T3 .50 T=Horking Torque per
> R4 ae .40 Screw in.-lb.
> 53 .30 Note: The Constant 5 Is Based
1 ﬁg .20 o
Ambient sg 10
- } 4 + 4 4 + I 4 n
Thermal Resistances From A ] v + + T
Hybrid To The Outside o% 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 1olg 11.0
Environment Mounting Interface Average Pressure - (Psixl0 7)
(-3 Figure §
Figure 4
The temperature rise from the housing Pedestal mounting will cause housing
to the ambient would be reduced signifi- temperatures to rise by placing a thermal
cantly due to the reduced solar absorp- barrier between the housing and ambient.
tivity and increased radiative emissivity Pedestal mountimg in a TV104 will cause
of the white paint. For a white housing, amplifier internal temperatures to rise
the reduced temperature rise from the approximately 20.3 C for an unpainted

housing to the ambient can be shown to housing and 11.3 C for a painted housing.

lower the hybrid temperature by 8.5 C.
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The
and the
between

calculated temperatures presented
operating temperature differences
the trunk amplifiers on the market
take on more meaning when compared to the
maximum recommended hybrid mounting
temperatures and the hybrid failure rate
curve shown in Figure 3. Typical maximum
recommended hybrid mounting temperatures
are 90 C or 100 C depending on device
type; and hybrid failure rates can in-
crease by a factor of 67% with only a
20°C incrgase in hgbrid operating temper-
ature (80 C to 100°C).

The amplifier analyzed has the trunk
and bridger modules mounted to the finned
wall of the strand-side housing half and
the reverse and power supply modules
mounted to the other finned outside wall.
The Dual Pilot and Status Monitoring/
Bridger Switching modules are mounted to
a hinged plate in the center of the hous-
ing. The total station dissipation is
52.74 watts with the following power
breakdown:

400 MHz Trunk Module - 11.76 watts (two
hybrids at 5 watts each)
400 MHz Bridger Module ~ 8.20 watts (one

hybrid at 8.2 watts)
Sub-Split Reverse Module- -
Power Supply - 18.00 watts
Dual Pilot Module - 3.60 watts
Status Monitoring/Bridger - 3.50 watts
Switching Module

7.68 watts

The power dissipation within the
station is well distributed with 23.81
watts input to the strand side housing
half and 28.93 watts input to the other
housing half. As may be noted from the
power breakdown, the hybrids are the
predominate dissipation sources within
the modules with the high gain bridger
hybrid dissipating 8.2 watts. The
analysis will calculate the mounting
temperature for this device.

The discrete thermal resistance
steps from the hybrid to the outside
surroundings for an aerially mounted
trunk consist of the resistance from the
hybrid body to the module bottom, the
resistance within the module bottom as the
heat spreads, the resistance from the
module bottom to the external housing
wall, and the resistance from the ex-
ternal housing to the surrounding
environment. These thermal resistances
are shown in Figure 4 as Rl, R R_, and

’
R4 respectively. 2 3
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Even though the analysis presented is
of a particular amplifier design and con-
figuration, the same resistance steps
occur in all trunk stations with the re-
sistance values varying with housing de-
sign and configuration. Therefore, after
calculation of each discrete resistance
and temperature rise, the critical para-
meters determining the resistance will be
listed to aid qualitative comparison of
units.

Rl (Hybrid To Module Wall Resistance)
There is a thermal resistance assoc-
iated with the contact interface of any
joint through which heat must pass. The
resistance and temperature gradient are

given by:

R = rC/A and
AT = R x q where:

R = Thermal resistance (OC/watt)

rc = Contact resistivity(oc-sg. in.)

watt
A = Contact area (sq. in.)
AT = Tegperature rise across resistance
(C)
q = Heat traveling across resistance

(watts)

Joint interface pressure and contact
resistivity may be determined from
Figure 5 for a hybrid mounted to a sink
with two No. 4 screws torqued to 5.5 in.-
lbs. with thermal grease applied to the
interface.

5(2) (5.5)/

s 1.75(.3) (.112)=935.4 psi
o .
rc = .50(.40)=.20 C7ST-In./l by
]
R = '2/1.75(.30)=.38 C/watt

AT = .38(8.2)=3.1%

As can be seen from the calculations,
the important parameters are contact
pressure, contact area and the presence of
the thermal grease.

R (Spread Resistance Within The Module
2
Wall)

once the heat flows from the hybrid to
the module wall, it will spread prior to
transfer to the external housing. There
is a thermal resistance associated with



the spread which results in a hot spot
underneath the hybrid. The resistance
is given by:

R = L/kA where
L = Length of heat path = 1.00 in.
k = Thermal conductivity (6061 Alum.
Alloy) = 5.1 watt
C in.
AC = Crossectional area of heat path =
2.55(.19) sg. in.
R = 1005 1(2.55)(.19) = .40% watt
AT = R(q) = .40(8.2) = 3.3°%C

In this case, the critical parameters
are the heat path length and crossectional
area and the module material. For a cast
module, the thermal conductivity would be
approximately halved doubling the temper-
ature rise. The long narrow heat path
from the hybrid to the contact area be-
tween the module and the external housing
found in some amplifier designs would
cause temperature gradients to increase
significantly.

R3 (Module Wall to External Housing
Resistance)

To get from the module to the ex-
ternal housing, the heat must again cross
a contact resistance, but this time with-
out the aid of the thermal grease. Joint
interface pressure and contact resistivity
may again be determined from Figure 5 for
a 2.55 in. by 2.00 in. area clamped by a

No. 8 screw torqued to 8.0 in.-1bs.
s = 21 (8:0) 5 55 (2.00)(.164) =
47.82 psi
oC- in
rc = 1.00 sd. " /watt
R =19 ,,55 (2.00) = .20°%/watt
AT = R(q) = .20(8.2) = 1.64°C

The important parameters are contact
pressure and contact area. The joint
resistance and temperatures rise are
directly proportional to contact area and
are a strong function of clamping
pressure. Clamping pressure is deter-
mined by the size and number of screws
mounting the module into the housing.

R4 (Resistance From Housing to
Environment)

Sso far, only the dissipation of the
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bridger module hybrid (8.2 watts) has been
used to calculate the temperature rises
associated with the heat path resis-
tances. Now, to find the temperature rise
from the external housing to the ambient,
the total heat input to the housing half
must be used. Solar load must be added to
the internal dissipation of 23.81 watts to
determine the total heat input to the
housing half. Heat input due to sunshine

is:
= 0 A S where

d P

q = Heat input (watts)

o = Solar Absorptivity (.35 - Bare

Alum., .15 -~ White Paint)

S = Solar constant (.73watts/sq. in.)
Ap = Projected area illuminated by sun

(sqg. in.)

For a condition where the sun shines
directly on an unpainted finned housing
bottom

Ap = 17.27 (6.96) sg. in. and,
g = .35(6.95)(17.27) (.73) = 30.7 watts
So, the total heat input into painted

and unpainted housing halves would be
36.91 and 54.50 watts respectively.

During calculations of the heat path
from the hybrid to the housing, only
conduction heat transfer has been con-
sidered. Calculation of the heat paths
from the housing to the ambient will con-
sider conduction to spread the heat from
the sink area to the other housing areas
and then will consider parallel heat paths
to the ambient of convection to the air
and radiation to the surroundings. The
external housing will be considered to
consist of two discrete temperature zones.
Zone one will be the housing area that
directly contacts the modules and will be
a housing hot spot. 2Zone two will consist
of the remaining housing half except the
input and output housing ends that will be

ignored since they are remote from the
sink area. Therefore, R, will consist of
the series resistors of "R_ and R in
parallel with resistor R__, whereZ“the re-
sistance designators are defined as
follows:

RS - Resistance associated with the

heat spreading from Zone 1 to
Zone 2.



Rzl - Resistance associated with the
convection and radiation paths
from Zone 1 to the surroundings.

R22 - Resistance associated with the

convection and radiation paths
from Zone 2 to the surroundings.

The total resistance R, can be cal-
culated by combining the seéries and
parallel resistances in the following

way:
1/ [ 1 + 1 ]
R4 = Rzl Rs+Rz2

Calculations to determine R_, R

and Rz will now be presented. zl

2

Rs (Spread Resistance)

This resistance may be calculated by
determining the conduction shape factor
of the surface shown in Figure 6 that
represents an external housing half with
the side walls folded down. The cross-
hatched area represents the sink area or
Zone 1. The other areas are the unit
side walls and the remaining areas of the
housing bottom or Zone 2.

The conduction shape factor is defined
by the equation

l/kC where

R =

R = Thermal resistance (oc/watt)

k = Thermal conductivity (360 Alum.
Alloy) = 2.9 “3%%,%c_in.

C = Conduction Shape Factor (in.)

Methods for determining the con-
duction shape factor for surfaces similar
to the one shown are defined in Section
3-4 of Reference 1. The shape factor for
the housing geometry shown is 1.84 in.
Therefore,

R, = 1/2.9(1.84) = .19%c/watt

R (Resistance From

21 Zone 1 to Ambient)

The thermal resistance associated with
convection to the ambient air and radia-
tion to the surroundings from a finned

surface to its environment is:
R = l/(hcAnf + hr An) where
R = Thermal Resistance (oc/watt)
hec = Conv%ction coefficient
watts ,o .
( / C-sg. in.)
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A = Surface Area (sq. in.)

nf = Fin efficiency for convection

hr = gg?ig%%?n coefficient (watts/oc-
n = Fin efficiency for radiation

A value of hc equal to .007 watts/oc_

sqg. in. is given in Reference 6 for a
smooth surface in a 2.0 mph breeze.
value for hr is given by the equation

The

2

2
hr = €0 (T1 +T2 )(T1+T2) that can be

approximated for small temperature
differences by:

hr = 4¢0 T23 where
€ = Surface emissivity (.15 - Bare
Alum., .90-White Paint)
0 = Stefan-Boltzmann constant =
3.66x10 11 (YAt /5q . —in.%?)
Tl = Radiating surface temperature (OK)
T2 = Surroundings temperature (OK)
The surface area of Zone 1 consists of

the 6.95x7.25 inch® finned housing area to
which the module sinks are mounted. There
are four fins that are .72 inches high and
eight fins that are .97 inches high.
Therefore,

A = 6.95(7.25)-12(6.95) (.16) + 4(2)

1
(-72) (55250) (6.95)= +8(2) (.97) (Zaz50)
(6.95) = 185.03 sq. in.

Since all fins do not transfer heat
with the same effectiveness, a convective
fin efficiency must be defined. Convec-
tive fin efficiencies versus fin para-
meters are shown in Fiqure 7. Fins on
trunk housings are typically quite
efficient since a housing with extremely
long and thin fins would be difficult to
die cast. The fin efficiency for the
housing being analyzed is

Ng = .998

The radiative efficiency of the finned
area may be determined from Figure 8 and
is

n = .475
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The analysis will be perfgrmed for a
unit operating in a 50 C (122°F) environ-
ment so that

.15(3.66x10 *1) (4) (323)3

hr = =
7.40x10" % ¥3tES Oc_sq.in.
1
R, = 7 [(.007)(185.03) (.998) +
(7.4x10'4)(185.03)(.475ﬂ
R . = .74°%°C/watt
zl a

Rzz (Resistance From Zone 2 to Ambient)
The thermal resistance associated with
convection to the air and radiation to the
surroundings from the Zone 2 area can be
determined in the same way as it was for
the Zone 1 area except that not all of
Zone 2 is finned. The calculations are
shown below

.998 6.95(5.59) + 8(2)(.97)

Anf

1,
cos2©°

8(.16)(6.95) + 2(17.27) (4.185)

( (6.95) -

= in.

+ 6.95(4.43) 312.94 sq.
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Figure 7
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Ap = .475 6.99(5.59) + 8(2) (.97)
1
(555300 (6:95) - 8(.16) (6.95) +
2(17.27)(4.185) + 6.95(4.43) =
240.43 sq. in.
1 -4
R, =/ [(.007)(312.94) + (7.4x10 ")

.42%C/watt

(240.43)]

Substituting into the equation to com-
bine the series and parallel resistances

1 1+ 1

Re =/ LLT7a .19+.42] = .33%/
watt

AT = R(g) = .33(54.5) = 18.3 °c

The important parameters determining
the resistance and temperature rise from
the housing to the ambient are the ex-
ternal housing area, and the length and
crossectional area of the path used to
spread the heat through the housing.

The hybrid sink temperature is the
sum of the temperature rises plus the
ambient temperature so that the hybrid
sink temperature

Thybrid 50+18.3+1.64+3.3+3.1

76.34°%



During comparison of trunk amplifier
housings, the presence of some of the
desired design features can be determined
after a guick inspection. Unfortunately,
many features that play important roles
in unit service life and reliability are
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DROP CABLE RF LEAKAGE
THROUGHOUT 20 YEARS OF SERVICE

KENNETH L. SMITH

TIMES WIRE AND CABLE
WALLINGFORD, CONNECTICUT 06492

ABSTRACT

A recent publication in the Multichannel News (1), “Signal
Leakage Threatens to Cripple Cable Industry,” emphasizes
the importance of addressing CATV system signal leakage.
Excessive egressive signal leakage could lead to fines by the
FCC, ban of CATV use of aviation, navigation and communi-
cations frequencies. Excessive ingressive interferences
signals lead to loss of customers due to poor reception.
This paper evaluates drop cable “aging”, an important
characteristic which has not previously been evaluated on an
experimental basis. Cables were removed from systems and
evaluated to determine degradation. The cables measured
had been in use for various periods of time, up to 23 years.
The most significant “aging” observed was a decrease in
shielding (increase in rf leakage). This information is corre-
lated with laboratory “aging” tests to allow predictions of long
term performance of relatively new drop cables. The test
results show that the different drop cable types in use have
varying degradation, a maximum of 18 dB compared to the
best cable with only 7 dB degradation in 20 years of service.
This quad shield cable, adhesive foil-60% braid-
foil-40%-braid, which has the lowest degradation also has
the lowest rf leakage at any point in time. (14 dB to 18 dB
lower leakage than the second best).

INTRODUCTION

In the late 50's, two copper, 96% coverage braids were used
for cable shields. Thisimproved the shielding by 34 dB (a 99%
reduction in rf leakage from the standard RG-59/U). How-
ever, this increased the cost by 70%. Cigarette-wrapped
tapes and braids were introduced in the early 60's. Two basic
types of aluminum-polyproplene-aluminum foil tape and
aluminum braided shield cabies are in use today, one with an
adhesive tape and one without. The construction without
adhesive adheres the foil tape to the dielectric, has approxi-
mately the same leakage as the two coppér 96% braids and
approximately 1/3 the cost. In the 70’s, the adhesive foils
were introduced to eliminate the connector installation prob-
lem and decrease the degradation of shielding resulting from
cable flexure. A new shielding concept was alsointroduced in
the 70’s to achieve a significant improvement in shielding,
i.e., “trapping” a tape between two braids, which further in-
creases cost by approximately 50%. This cable, with an
adhesive foil-braid-foil-braid shield, has a 99.96% reduction
in rf leakage (55 dB improvement) over the original RG-59/U.

Usually improvements in cable shielding result in anincrease
in cost but this drop cable is less expensive than the original
RG-59/U.

Many factors require a shielding performance which is much
higher than has been acceptablein the past, such as possible
interference with aeronautical transmissions, advent of citi-
zen band transceivers (CB’s) with illegal linear amps and
advance in technology of CATV systems, i.e., CATV fre-
quency spectrum has been expanded to 5 to 400 MHz due to
the advent of 2-way and 54 channel systems.

Increasing the frequency spectrum to 400 MHz results in
higher leakage since the shielding decreases as the fre-
quency is increased above 300 MHz. The 2-way system uses
the 5 to 50 MHz band, which also results in higher leakage
since the shielding, of the common types of drop cable in use,
degrades as the frequency decreases below 50 MHz. The
aptimum shielding for these cables typically occurs from 50 to
150 MHz.

Many experts have evaluated drop cable performance (4, 5,
6, 7) before installation. The purpose of this paper is to
evaluate drop cable degradation on an experimental basis
where drops were removed from systems and measured.
This “field data” is correlated to the results obtained from
laboratory “aging tests”. The results show that one can pre-
dict the drop performance at any point in time using a special
flexure test. The lab “aging” tests are needed since many
drop cable types are relatively new and itis important to know
their performance after 10 to 20 years in service.

Fifty drop cables were removed from cable systems and
approximately 230 tests were performed on the samples.
Cables were selected to confirm that the cable performance
reported is typical for the same type manufactured in general
by industry and to obtain performance for varying years in
service. The attenuation of the drop was measured, then
samples were taken for shielding measurements and a visual
and mechanical analysis.

The shielding was measured using a Radiometer and the
results plotted versus years in service to show drop cable
degradation and performance at varying points in time.

The degradation in service, “aging”, is thought to be pre-
dominantly a result of aeolian (wind) flexure; this deduc-
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tion is based on a visual observation of cable. “Galloping” is
commonly observed if the wind is preceded by wet snow
build-up on the cable. Accordingly, laboratory flexure tests
simulating the aeolian flexure are used to “age” the cable,
allowing prediction of performance for varying years of ser-
vice. The results of the “field data” are correlated with the lab
flexure test results, showing that the laboratory evaluation of
drop cable allows prediction of performance at any point in
time after installation.

MEASUREMENTS

Drop cable was removed from systems in Wallingford, Dan-
bury, New Milford, Meriden, Seymour and New Haven, Con-
necticut, South Yarmouth, Massachusetts, Kingston and
Vestal, New York.

The attenuation of the drops was measured and was within
+10% to —20% of the theoretical nominal for the cable except
for afew exceptions which were unusually high. These excep-
tions were cables with corroded shields throughout a large
portion of the length. Usually the corrosion, if it exists, is
limited to a short length near the connector and does nothave
an appreciable effect. The maximum measured deviation
was 75% above nominal for a copper braid which had beenin
service for 8 years. The attenuation of this 100-foot drop was
only 3.2 dB above the nominal. The maximum measured
deviation for aluminum shield constructions was 30% above
nominal after 3 years in service. The unusually low attenua-
tion values measured were probably caused by the meas-
urement accuracy for short lengths of cable.

The shielding was evaluated using a Radiometer (See Fig. 1.)
which measures the transfer impedance and capacitive cou-
pling impedance of the coaxial shield (5).

FIGURE 1

Transfer impedance is a measure of the voltage in the dis-
turbed circuit caused by a current in an interfering circuit. It is
a result of current diffusing through the metal in the shield
(skin depth phenomena) and coupling of the magnetic field
through openings in the shield. Capactive coupling impe-
dance is a measure of the voltage in the disturbed circuit as a
result of electric field coupling through openings in the shield.
Accordingly, these parameters control the shieiding. The
egressive leakage concern is excessive radiation causing
violation of the FCC rules; these impedances control the
external field strength caused by the CATV signal transmitted
within the cable. The ingressive leakage concern is RFI;
these impedances control the interference signal within the
cable caused by a disturbing external field.

Radiometer test samples were taken from mid span, connec-
tion to the feeder line and connection to the house. The mid
span tests were eliminated after evaluating the first 16 drops
since this section had the iowest leakage in 81% of the cases.
The street and house ends were essentially the same for 28%
of all drops evaluated; the street end had the highest [eakage
in 44% of the samples.

The typical transfer impedance and capacitive coupling im-
pedance of drop cable with an aluminum foil and braided
shield is shown in Figures 2 and 3 respectively. Two curves
are presented, before installation in a system and after 10
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years in service. The maximum transfer impedance and max-
imum degradation occurs at the highest frequency. The
degradation of the cable will be shown by plotting the 300
MHz transfer impedance versus years in service.

The degradation of drops whose shields are aluminum-poly-
aluminum laminate foil tapes without an adhesive and an
aluminum braid is shown in Figure 4. The points plotted are
actual measured performance and the solid curve, which is a
reasonable average of these data points, is the average
performance obtained from laboratory flexure (aging) tests
using a correlation of 15,000 flexure cycles per year in ser-
vice. This correlation is used for all “aging” tests. The flexure
testis shown in Figure 5. The cables are flexed at a rate of 40
cycles per minute. One flexure cycle is plus and minus 8
degrees travel. The resuits of the flexure test are shown in
Figures 5 and 6. The vertical bars are the range of test results
obtained on a number of samples from different cable man-
ufacturers. This test simulates the drop cable flexure caused
by the wind. The severity of flexure degradation could change
with temperature; therefore, the degradation versus time
could vary in geographical areas where the prevailing wind
and/or temperature is substantially different from the areas
evaluated.
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The degradation of copper braid drop cable shields is shown
in Figure 7. The points plotted are actual measured per-
formance. There is an initlal increase, probably due to corro-
sion, that does not appear in an “aging” test performed at
room temperature. The solid curves are the average flexure
performance, no degradation, with an initial increase allowing
for corrosion.

Limited evaluation is obtainable for the other constructions,
since they have only been in service for a relativety short
period of time. The two types evaluated suggest that the
flexure test is a valid “aging” test allowing laboratory evalua-
tion of cable performance after any given length of time in
service.

The typical 300 MHz performance of the different types of
drop cable which are in use is shown in Figure 8. The curves
arebased on the average of a number of flexure test samples
obtained from a number of cable manufacturers and the
results of the “field data”.

The typical transfer impedance from 5 to 400 MHz, before
installation and after 10 years in service, is shown in Figures
2,9, 11, 13, and 15. The capacitive coupling impedance for
the different drop cables versus frequency for these cables is
shown in Figures 3, 10, 12, 14, and 16.
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DISCUSSION OF RESULTS

Considerable effort has gone into the solutions of the theoret-
ical transfer impedances, capacitive coupling impedance, in-
gressive and egressive leakage signals but they will not be
discussed in this paper. This discussion will be limited to a
brief review of the test results.

There are essentially three types of drop cable shields inuse,
i.e., (1) braids, (2) laminate foil tapes with a braid adjacent to
one side of the tape and in metallic contact and (3) a laminate
foil tape with a metallic sheath adjacent to both sides of the
tape and in metallic contact.

The 96% optical coverage copper braid cabie was replaced
with a cable which had two 96% copper braids to significantly
improve the shielding. These braided shields have less
degradation than the constructions using foil-braid shields.
The excessive cost of two 96% copper braids resulted in the
advent of laminate foil tape-braid shields. The constructions
with one foil and one braid have significantly lower cost with
low braid coverage and initial performance similar to two 96%
copper braids, but they have higher degradation in service
resulting in poorer shielding. The use of adhesive foil de-
creases the degradation. Similar foil constructions using up to
95% braid coverages are used, but the slight improvement in
performance does not warrant the increased cost. Adding a
second laminate foil tape over the braid significantly improves
the performance before installation in a system; however, this
cable has very high degradation in service. Therefore, the net
result is a smali improvement.

The third drop cable type was introduced to significantly
improve the shielding without a substantial increase in cost.
The concept employed to improve the shielding and minimize
the degradation in service is “trapping” a laminate foil tape
between two braids. The two round wire braids electrically
short circuit any openings in the tape, thereby eliminating or
minimizing the electromagnetic coupling through the open-
ing. This significantly decreases the transfer impedance, im-
proving the shielding (a significant decrease in rf leakage).
The drop cable which has two laminate foil tapes under a
braid falls into this category, i.e., “trapping” a tape between
two metallic sheaths. However, the metallic tape does not
short circuit the openings as well as the round wire braid. This
cable is considered the second best drop evaluated.

The relative performance of the drop cable types can be
expressed in decibles (dB) by the following equation:

Relative performance = 8.686 In %—:z dB

where

In = natural or Napierian Logarithm

Z,, = Transfer impedance of one cable type

Z,, = transfer impedance of a second cable type
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Example: The second best drop has a transfer impedance of
10 mQ/m after ten years in service and the best drop has 1.7
m/m.

Relative performance = 8.68 In % = 15dB

The best cable has 15 dB lower RF leakage than the second
best after ten years of service.

CONCLUSIONS

Severe corrosion throughout a large portion of the drop cable
length causes an appreciable increase in attenuation and
seems to affect copper shields more than aluminum.

Drop cable shielding degrades in service as a result of corro-
sion and aeolian flexure. The drop cable with maximum
degradation had 20x increase in leakage (poorer shielding)
after 10 years in service, whereas the increase for the best
cable is less than 2x. The various types of-drop cable in use
results in a large variation in shielding, rf leakage, at any point
intime. The bestdrop available, adhesive foil-braid-foil-braid,
has a 99.96% reduction in rf leakage over the original
RG-59/U and is less expensive. This cable offers a substan-
tialimprovement (14 dB to 18 dB) over the second best at any
point in time. Considering the importance of rf leakage, can
the second best be afforded?
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INTRODUCTION

REA developed an interest in television and
other video services for rural areas as an out-
growth of its work in bringing improved telecommu-
nications service to people living in rural areas.
One of the earliest attempts to develop this capac-
ity was a paper distributed in 1962 by Claude
Buster, Chief of the Transmission Branch at REA,
to the communications industry.

In this paper Claude recognized the tremendous
potential capacity of coaxial cable and explored
the idea of a total integrated communications fa-
cility that could deliver voice, video and data
services using analog transmission techniques to
the home. This idea was slowly nurtured and by
1977 the gM Company was actively developing its
analog CS¢ system which would provide a total inte-
grated communications system over coaxial cable to
the home. Also, in May 1977 the Office of Telecom-
munications Policy, now part of the National Tele-
communications and Information Agency (NTIA},
formed an interagency task force on Rural Communi-
cations to which REA was invited to participate.
This task force in its report recommended that in
order to improve rural communications that REA
finance rural cable systems and that the cross-
ownership ban on Telco ownership of cable systems
be modified by the FCC. Up to that time REA had
only financed a portion of the educational state-
wide television network in South Carolina.

Since that time the 3M Company has abandoned
its €S2 development as too costly. Another company
has picked up the idea and is developing other
equipment designs using digital transmission tech-
niques to provide voice and data services directly
to homes on coaxial cable facilities. The REA,
while prohibited from directly financing commercial
CATV systems under the RE (Rural Electrification)
Act, did receive delegated authority from the
Secretary of Agriculture to administer a loan pro-
gram for CATV systems utilizing funding under the
Consolidated Farm and Rural Development (CFRD) Act.
Under the RE Act,. REA can only finance educational
television systems. The FCC in Docket 78-219 in
1978 eased the cross-ownership waiver requirements
on Telco ownership of CATV systems and granted a
rebuttable presumption of infeasibility for any
system with an average density of 30 homes per
route mile or less.

FINANCING RURAL CATV

The authority to administer CATV loans was
delegated to REA on May 25, 1979. The funds were a
portion of the amount budgeted for rural improve-
ments under the Consolidated Farm and Rural Devel-
opment Act. The CFRD Act provides two categories
of financing. One category, Section 306, Community
Facilities, provides funds for public bodies,
qualified Indian tribes and not-for-profit organi-
zations at a legislatively prescribed interest rate
of five (5) percent. These same organizations and
for-profit oriented organizations are eligible for
financing under a second category of the CFRD Act,
Section 310b, Business and Industrial toans, with
the interest rate based on the cost of money to the
Government.

Previous to the transfer of authority, only one
Section 306 loan was made by FmHA for a CATV sys-
tem. This loan was to the Western Wisconsin Commu-
nications Cooperative to finance construction of a
countywide educational TV system. Several CATV
loans were made by FmHA using Section 310b author-
ity. Similarly, REA had made only one direct TV
loan in 1962 and that was to finance the portion of
the statewide educational TV system in South Caro-
lina furnished by the REA telephone borrowers.
Since the transfer of authority and in the remain-
der of the fiscal year ending September 30, 1979,
REA administered loans totaling $6 million. In
fiscal year 1980, $34 million in loans and loan
guarantees were made. For fiscal year 1981, $34
million in loan authority is authorized. However,
the Administration has proposed that this loan
authority be reduced to $18.0 million. Also, the
Administration has proposed that no further funding
be authorized under the CFRD Act. Should this
happen, the direct financing of commercial CATV
systems by the Department of Agriculture would
cease as of September 30, 1981,

Financing for rural CATV systems would not stop
but would be slowed down and become more expensive.
REA could still finance educational TV systems
which admittedly would probably be rare. Rural
telephone systems would have to apply for funds
from the commercial financing market. Similar
financing opportunities are available to new entre-
preneurs or existing CATV organizations.
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The Rural CATV Market Table 2 Continued

REA has known for some time that a market Commercial Guarantees
existed for rural CATV systems from the interest
expressed by the rural telephone industry. Until Franklin Cablevision, Inc. $ 135,000
the availability of financing was announced in Louisburg, North Carolina
1979, we did not know the size of the market. By
the end of fiscal year 1979 we had received appli- Tipton CATV, Inc. 342,000
cations totaling almost $100 million for rural Tipton, Indiana
CATV systems. These applications came not just
from our current telephone borrowers, but a sig- Omniview, Inc. 2,875,500
nificant portion came from independent cable opera- Blair, Nebraska
tors as well as from electric cooperatives. The
CATV Toan applications on hand at that time were Hurst Systems, Inc. 1,267,200
as listed below in Table 1. Table 2 lists the Osage City, Kansas
loans made in fiscal 1980. An examination of
Table 2 shows that the loans went to a mixture of BRY-C.A.T., Inc. 672,300
cooperative and commercial organizations both cable Durant, Oklahoma
operators and telephone systems.
Atra Cable Vision, Inc 210,000
TABLE 1 Chouteau, Oklahoma
CATV Loan Applications on Hand Pine Rural Television Cable Co. 1,425,600
End of Broken Bow, Oklahoma
Fiscal Year 1979
Current Verona Cable Company, Inc. 267,300
Area Borrowers New Applicant Total Madison, Wisconsin
North $ 6,978,926 $16,000,000 $22,978,926 Concord Cable Communications Company 1,953,720
Central 30% 70% Concord, Tennessee
North 975,000 830,000 1,805,000 Millington CATV, Inc. 3,969,000
East 54% 46% Millington, Tennessee
South 35,517,000 21,484,000 57,469,000 Franklin Telephone Company, Inc. 459,000
East 62% 38% Meadville, Mississippi
Western 1,781,000 800,000 2,581,000 T.V. Services, Inc. 2,421,000
69% 31% Hindman, Kentucky
South 6,630,000 7,573,500 14,203,500 Tel-Com, Inc. 3,159,000
West 47% 53% Harold, Kentucky
National $51,881,926 $46,687,500 $99,037,426 Jefferson Cable Television Corporation 226,800
52% 48% Wrens, Georgia
VI-TEL, Inc. 810,000
TABLE 2 Beggs, Oklahoma
CATV Loans Approved Big Bend Communications, Inc. 675,000
Fiscal 1980 Alpine, Texas
Co-0Op_Loans Atlas Cable Television, Inc. 1,836,000
Big Cabin, Oklahoma
Oldtown Community Systems, Inc. $ 1,095,000
O0ldtown, Maryland Magic Window Cable Television, Inc. 664,200
McLoud, Oklahoma
Canby Telephone Association 3,100,000
Canby, Oregon Total $23,968,620
Rural Missouri Cable TV, Inc. 1,667,000
Branson, Missouri The present backlog of loan applications on
hand has reached approximately $200 million de-
Western Wicconsin Communications 4,138,000 spite the fact that REA has made loans with a cumu-
Cooperative lative total of over $50 million. Because the loan
Independence, Wisconsin applications were growing faster than available
funds and now with the proposed cutoff of budgetary
Total $10,000,000 funding, REA is recommending no new loan applica-

tions be submitted at this time.
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MODELING RURAL CATV

The REA technical approach to rural CATV sys-
tems has been similar to our approach to rural
telephone systems. Our goal was to provide good
quality CATV service to as wide a rural area as
economically feasible at the lowest possible cost.
The REA staff has produced technical standards for
transmission and construction for rural telephone
systems for the past 30 years. Our approach was to
determine what a typical rural CATV model would
Took like in the market that REA might be called
upon to finance. Once a model was established,
engineering design goals could be set and different
design approaches tested until the lowest cost de-
sign is determined.

System Model

In creating a system model, use was made of
available REA statistics on current rural telephone
borrowers adjusted for the estimated effect of
cable operators. The first question to be answered
was how big is the potential market to be financed
and constructed. If all 919 rural telephone re-
lated entities decided to ultimately construct a
CATV system to serve their present subscribers,
over 3/4 of a million route miles of plant would be
required. If the percentage of new applicants re-
mained at approximately 50 percent 2s noted in
Table 1 then a potential rural CATV model with a
total of 1.5 million route miles of plant is
possible.

Next of interest in the modeling process is
how big would each individual system be and what
subscriber densities could be expected. We had no
way to estimate what the answers to these questions
would be for cable operators except to assume they
would be similar to what could be determined for
the present telephone borrowers. Figures 1 and 2
were determined from our published telephone sta-
tistical data. Figure 1 shows that a large amount
of cable would be required per company to provide
total area coverage. The average company would
use 839 route miles of coaxial cable. This gives
us a rough perspective on the size of an individual
construction project. Figure 2 presents the dis-
tribution of subscribers per route mile currently
served by REA Telco borrowers. As can be noted
almost all borrowers have system densities consider-
ably Tower than 30 subscribers per route mile. The
average density per company is 5.1 subscribers per
route mile. With the FCC standard of normal commer-
cial feasibility being 30 homes per route mile or
greater and the average REA telephone borrower
density of 5.1 subscribers per route mile, the
analysis of Figure 2 showed that REA technical
standards were going to have to emphasize Tower cost
consturction to serve the rural areas.

Route Model

Finally, a model of a typical route was needed
on which to base technical standards and compare
alternate designs. REA has in the past made sam-
pling surveys of its plant facilities to determine
what is out there and where the subscribers are.
For CATV modeling purposes we are not interested in
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the makeup of the existing voice facilities, but

we do care where the subscribers are located as
they would be the same subscribers in the rural
CATV system model. Our statistical data determined
that an average system would have 740 subscribers
and that 98 percent of them are within 100,000 feet
of the central hub distribution point. This estab-
lished one of our technical goals that any CATV de-
sign concept must be capable of being implemented
on a route as long as 20 miles. Our experience in
system layout gave us the knowledge that the total
number of subscribers are usually distributed over
either two main routes if the system is a linear
model or over four main routes if the system is an
area model. We now have a general model of how
many subscribers would be expected on a rural route
and how long that route could be. The last item in
the modeling picture is a concept of how these
subscribers are distributed along the route. Our
sampling data indicates the subscribers are distri-
buted as noted in Table 3.
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TABLE 3
Rural Subscriber Route Distribution

Distance from Hub Percent Subscribers Remaining

- (Kf)

0 100.0
10 54.5
20 37.5
30 27.2
40 18.8
50 12.2
60 7.6
70 4.8
80 2.9
90 2.2

100 1.4

Design Objectives

After determining a rural CATV model, REA was
able to create reasonable Engieering Design Objec-
tives for all potential system designs. These
objectives are as follows.

Twenty mile route capability.

Achieve minimum REA transmission standards.
Low cost construction.

Low cost maintenance.

Environmentally compatible plant.

Full VHF channel capability.

Two-way transmission capability.

Widest economical area coverage.

TOMMOOEI>

These objectives are listed in descending order of
importance in our opinion with our goal to meet all
of them in time. Qur view is that at least the
first three goals are necessary in today's designs
so that future design developments can be incor-
porated to upgrade, expand, or extend the systems.

DESIGNING RURAL CATV

At the time that REA began researching the
system design fundamentals for CATV and looking for
ways to utilize, modify or adapt current urban de-
sign techniques for rural areas, we were fortunate
to have Bill Grant join REA as a member of our
Telecommunications Engineering and Standards Divi-
sion. Bill has over 20 years experience in CATV
design and operation with Jerrold Electronics and
as Chief Engineer for several large CATV operators.
With his experience and our engineering objectives
he was able to quickly outline a low cost practical
design concept for rural areas using directly
tapped single coaxial cable outside plant. This
concept has been refined and polished over the past
2 years and no basic discrepancy has been found in
it. REA recognized that the major cost of a CATV
system is the coaxial cable itself and that cost
needed to be minimized in rural designs. An urban
design with a grid type street layout could afford
to pay more for a trunk so that ‘the feeder cable
can be less expensive. When trunk to feeder ratios
were four to one or better, this created an economi-
cal design. However, in rural areas we have a
large amount of linear routes with little opportu-
nity for short side feeder legs. In these cases
the trunk to feeder ratio could be close to one to
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one which raised the construction costs consider-
ably. Because of the economic pressures the single
coaxial cable design developed. This design, like
all other potential designs, must meet our trans-
mission and construction standards. Some of the
problems and questions that were raised are an-
swered in a companion paper Bill is presenting at
this convention. All1 of the problems have been re-
solved in a series of papers Bill has written since
being with REA. Copies of these papers are avail-
able upon request to REA.

Fundamental Design Techniques

It was found that in order to meet the Engi-
neering Design Objectives the proper choice of
alternative design techniques could result in a
more acceptable proposed design. Some of the
alternatives chosen are as follows.

1. No excess C/N, X-Mod or CTB at end of
route. With our goal of a 20 mile capability, it
is important that no excess dB margin be allowed at
the end of the route so as to keep construction
costs as low as possible.

2. Maximum economical use of AGC. In Tong
route systems there is more exposure to temperature
created variations and we see the need for an AGC
to manual amplifier ratio of no more than 1 to 2
and if economical, we prefer to have AGC capability
in as many amplifiers as possible.

3. Minimum use of line extenders. These am-
plifiers have higher X-Mod than trunk type ampli-
fiers and in a single cable design a lower X-Mod
value is required so that C/N and X-Mod both meet
transmission specifications at approximately the 20
mile design point.

4. Maximum use of mini-trunk amplifiers. The
C/N and X-Mod values for these types of amplifiers
are balanced such that, at the operating levels and
channel loading we are designing for, the transmis-
sion specifications on both factors are met at the
approximate 20 mile design point.

5. C/N ratio of 40dB and X-Mod ratio of 50dB
are the REA minimum transmission standards. These
standards were chosen by REA to give acceptable
picture quality to the worst case rural subscriber
at the lowest cost.

6. Maximize 1/2" and minimize 3/4" coaxial
cable. Qur economic studies show this results in
the lowest cost system.

7. High gain amplifier output. This mini-
mizes the number of amplifiers required and maxi-
mizes the subscriber tapping reach.

8. Preferred top design frequency of 220MHz.
This maximizes channel carrying capability at the
lowest possible cost. Higher top design frequen-
cies are allowed only if the increased revenues
would offset the increased costs.

9. Minimize use of set top convertors. This

reduces capitalization and maintenance costs.




10. Maximum use of buried plant. This type of
construction in rural areas results in much lower
maintenance costs.

11. Minimize amplifier type, quantity, and
and operating levels. This reduces system mainte-
nance costs.

12. Armored cable for buried cable in gopher
areas. This prevents gopher damage and reduces
system maintenance.

13. Pay TV capability. The increased invest-
ment results in a considerable increase in system
revenues.

14. Phased construction. The design is cap-
able of eventually serving the entire area, but
system economics require that selected portions of
the total area be constructed in a phased sequence.

Engineering and Construction Practices

Historically, REA has provided total engi-
neering support to the rural telephone borrowers
through its series of Engineering and Construction
Practices, Equipment and Material Specifications,
and List of Acceptable Materials. We intend to
provide the same support for rural CATV borrowers.
Many practices and specifications have been written
in draft form and are available from REA for your
guidance. At this time only one item is on the
list of acceptable materials and that is Generation
1 coaxial cable. Two suppliers, Comm-Scope and
Times Wire, have qualified to supply Generation I
cable to REA borrowers. Generation III cable will
probably be the next item to be on the 1ist of
materials. We are just beginning to work with the
active equipment suppliers.

The practices and specifications when in draft
form are subject to revision, but are expected to
be used by rural CATV borrowers as gquidelines in
preparing their system designs for a loan applica-
tion. Specifications when officially published are
mandatory and practices when published in final
form become the recommended standard design. Some
of the more important CATV publications are as
follows.

TE&CM 2205 - Final. This practice outlines the
technical information required to be submitted to
REA in a CATV loan application. Examples are given
on how to present the information so as to ease the
loan processing.

TE&CM 2206 - Draft. This practice presents guide-
Tines for estimating the size of the potential CATV
market.
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TEGCH 2207 - Draft. This practice provides forms
for the Toan fund analysis.

TE&CH 2208 - Draft. This practice is a how-to-do-
it tool to create a single cable rural CATV design.

TE&CH 2205 - Draft. This practice shows a method
and exampTes of how to estimate standard unit costs
for rural CATV construction. These unit costs can
then be used to estimate the total project costs.

TE&CM 2210 - Draft. This practice provides a de-
tailed design lay out process for a rural single
cable design. The practice is written for a small
orerator who may want to manually lay out and de-
sign his own system. The process could easily be
adapted to computerized techniques.

TE&CM 2211 - Draft. This practice details a
method of providing ac power to the field located
amplifiers.

Outside Plant Construction Packet #1 - Draft. This
packet provides specifications for trunk and drop
coaxial cables, construction and installation tech-
niques, electrical protection, and unitized con-
struction bidding.

Any or all of these publications are available
upon request to the following address.

Director, TESD
Rural Electrification Administration
Washington, D. C. 20250

SUMMARY

Rural CATV is a service that is unfulfilled as
demonstrated by the backlog of demand that quickly
built up when the availability of financing to be
administered through REA was announced. The fact
that REA may not be furnishing future rural CATV
financing does not mean that the demand will go
away or be unserved. The effect will be a slow-~
down and an increase in cost to provide this
service.

REA in a very short time has provided valuable
technical support to the rural CATV industry with
its identification and modeling of the market and
its series of draft practices and specifications.
We have pioneered and promoted updated lower cost
design techniques for rural areas. These tech-
niques are being used in systems in construction
and we are confident the experience aained from
operation of these systems will provide knowledge
and economic benefits to the entire CATV industry
in the years to come.



HIGH SPEED PCM DATA TRANSMISSION ON CATV SYSTEMS

GILLES J. VRIGNAUD

CATEL-Division of United Seientific Corporation

ABSTRACT:

An opportunity for the CATV industry to
participate in the fast growing data transmission
area is examined. The established multiplexing
hierarchy for high speed PCM data is reviewed,
and practical applications on CATV systems are
illustrated. Performance results for PCM data
streams on coax links are given.

BACKGROUND

a) The Opportunity

The rapid proliferation of data transmission,
world-wide, has created two major types of data
networks:

- The satellite high speed data networks
(e.g. SBS). These networks have ultra high speed
transmission capabilities and can span literally
thousands of miles.

- The local high speed data networks (e.g.
Hyperbus, Ethernet, ete.), confined within a plant
or building. These networks are typically baseband
time division multiplex systems, using highly
sophisticated software to control protocol.

These two types of networks have comparable
transmission speeds, and often need to be linked
together. In many cases, they may be linked by
telephone lines with limited capacities, a costly
process which reduces the overall transmission
efficiency.
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Microwave transmission can be an alternative
where channels and paths are available, but in most
cases, an existing CATV plant provides a unigue
opportunity for the transmission of high speed data
between the satellite entry point, and the end user.

b) The PCM Transmission Standards:

In the telecommunications industry, PCM coding
is commonly used as a method of handling audio and
data signals. The most commonly used format is
known as a T1 Carrier, created when 300 to 3400Hz
bandwidth voice channels are digitized with an 8 bit
code at an 8 kHz sampling rate, and 24 such chan-
nels are time division multiplexed into a single serial
bit stream. This data stream is known as a T1
Carrier, and represents a data rate of 1.544 MB/s.

When defined in terms of interface characteristies
the T1 Carrier becomes known as a DS-1 signal.

Further multiplexing produces the following
hierarchy.

24 voice channels = one DS-1 channel (1.544 MB/s,
T1 rate)

96 voice channels, or 4 DS-1 signals = one DS-2
signal (6.3 MB/s, T2 rate)

672 voice channels, or 7 DS-2 signals = one DS-3
signal (44.736 MB/s, T3 rate)

e) Actual Uses of PCM Coding:

PCM coding is not limited to voice channels.
The most obvious spinoff from voice channel coding
is the inclusion of serial data streams. In the basie
T1 carrier format, any one voice channel represents
a 64 kB/s data stream, and can therefore be replaced
by pure data at a rate of up to 64 kB/s. In practi-
cal applications, rates up to 56 kB/s are used in
place of one voice channel.



Several manufacturers offer multiplex equipmer
to condense data signals, or mixed data and voice
into the Tl format. (Figure 1.)
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Figure 1. Typical data/voice to Tl rate

Multiplexer.
(Photo Courtesy of TRW-Vidar)

Digital coding of video signals has created
considerable interest, and current efforts are focus-
ing on bandwidth compression techniques to carry
broadcast quality video at T3 rate (44.7 MB/s).

One manufacturer is currently offering teleconfer-
encing quality (real time) video transmission at T2
rate (6.3 MB/s) and work is even being done on
teleconferencing video at Tl rate.

Digital audio has become the choice format
for master recordings, and is currently used on the
PBS network as one method of very high quality
transmission.

Although there is no industry standard for stereo
transmission on PCM data streams, a quick calcu-
lation will show that two premium quality audio
channels could easily be multiplexed into a T1 carrier.

IMPLEMENTING PCM DATA TRANSMISSION ON
CATV SYSTEMS

a) Data Stream Density and Bandwidth Requirements:

Manufacturers of PCM multiplexers offer various
configurations, such as 2 port, 4 port, 8 port, and 12
port multiplexers where each port handles one Tl
line. All use multiple level (and/or phase) coding
methods to reduce the occupied bandwidth of the
PCM baseband signal.

Our work at Catel has focused on the use of
4, 8, and 12 port multiplexers in conjunction with
broadband FM modems. (Figure 2)

Figure 2. Typical Broadband FM Modem

The coding efficiericies of the multiplexers are
offset by the relative inefficiency of FM transmission.
Past attempts at the use of VSB-AM transmission to
reduce bandwidth have given disappointing results.
The FM/PCM combination is a good compromise
which allows highly reliable transmission with "off-
the-shelf” components, while retaining an overall
transmission efficiency which ranges from 0.5 to 1.2
bit/hertz. Figures 3, 4, and 5.)

Figure 3. 4 Port Multiplexer, FM Modulated
Spectrum.

(96 Voice/Data Channels, 6.3 MB/s)
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Figure 4.

8 Port Multiplexer, FM Modulated Spectrum.

(192 Voice/Data Channels, 12.6 MB/s)

Figure 5.

12 Port Multiplexer, FM Modulated Spectrum.

(288 Voice/Data Channels, 19.2 MB/s)
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b) Interfacing PCM and RF Equipment:

PCM multiplexers are available with 75 Ohm
BNC Transmit/Receive Ports. The data amplitude
at these ports is 1 Volt P.P., which makes interfacing
quite straightforward. RF interfacing follows stand-
ard CATV procedures, and the complete interconnect
is illustrated on Figure 6.
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FiG.6 PCM MULTIPLEXER TO CATV BYSTEM INTERFACE

Figure 6. PCM Multiplexer to CATV System
Interface.

¢) Performance Results:

The performance data presented here was
obtained with an amplifier cascade of 8 line extend-
ers, equipped with diplex filters.

Tracking input/output attenuators were used to
create a variable carrier to noise ratio in the 25 to
35 dB range, which is considered to be a realistic
range of "actual life" performance. Carrier to
noise was measured on a Tektronix 7L13 spectrum
analyzer following the manufacturer's recommended
methods.

A qualitative evaluation of transmission per—
formance was made by observing the eye pattern of
data, which is created when all possible combinations
of ones and zeros of the data are displayed on an
oscilloscope locked to transmit clock. Results for
4, 8, and 12 port data streams are presented in
Figures 7, 8, and 9 respectively.



Figure 7. 4 Port Multiplexer Eye Pattern
(6.3 MB/s Data)

Upper Trace: Transmitted
Lower Trace: Received

Figure' 8. 8 Port Multiplexer Eye Pattern
(12.6 MB/s Data)

Upper Trace: Transmitted
Lower Trace: Received

Figure 9. 12 Port Multiplexer Eye Pattern
(19.7 MB/s)

Upper Trace: Transmitted
Lower Trace: Received

MAXBMUM LEVEL OF NTERFERING TONE FOR
ERROR FREE PERFOAMANCE, dB RELATVE TO CARAER
[}
~

A quantitative evaluation was made by perform-
ing a bit error rate test.

In figure 10, bit error rate was plotted as a
funetion of carrier to noise ratio for a 4 port
multiplexer.
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FIG. 10
BIT ERROR RATE VERSUS CARRIER TO NOISE RATIO.

The effect of intermod products was simulated
by sweeping an interfering tone through the modu-
lated PCM data spectrum. The level of the inter-
fering carrier was varied to produce a fixed error
rate of 1 in 108 bits, considered to be the minimum
acceptable for quality PCM transmission. Figure 11
illustrates the experimental curve derived, as well as
a practical protection curve.

ACTUAL PROTECTION CURVE
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-0 < erOTECTION CURVE

260 288 260 268

-8 -4 -2 Fc 2 - - - Mz
FREQUENCY OF INTERFERMG TOME, Mz RELATIVE TO CENTER FREQUENCY

FiG. 11
PROTECTION CURVE FOR ERROA FREE PCM OPERATION
IN THE PRESENCE OF INTERFERING TONES.



CONCLUSION

The T1 PCM carrier and associated multi-
plexers offer a versatile and accepted format for
data, voice, and even video transmission.

Interfacing T carriers to CATV systems is a
straightforward procedure, and the performance
results are excellent.

The inherent bandwidth capabilities of a coax
network give the CATV operator a unique oppor-

tunity to transport T carrier signals, and participate

in the current communication explosion.
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Installation and Performance of
An 18-Channel Fiber Optics TVRO Link

by

Robert E. Leroux

and

A.C. "Dyke" Deichmiller

Times Fiber Communications, Inc., Wallingford, CT.

ABSTRACT

This paper reports on the design,
construction and performance of a 32-
channel Earth Station downlink installed
by Times Fiber Communications and Falcon
Cable TV in Monterey Park, California.

INTRODUCTION

Falcon Cable TV has built a master
headend with 54-channel capacity at Mon-
terey Park which will interconnect sub-
systems in Montebello, Temple City, Al-
hambra, Norwalk, Huntington Park and La
Canada, California. The satellite an-
tenna site is approximately 4 km (13.125
ft.) from the headend. A total capacity
of 32 channels from the headend to the
antenna site was required with a minimum
degradation of signal quality so that
the largest possible geographic area
could be serviced with acceptable quali-
ty signals. (Eighteen channels were to
be activated during startup with the re-
mainder for future expansion.)

Fiber Link Design

The earth station dowmlimk design
used at Falcon has been successful in
several other installations. At Falcon,
Scientific Atlanta satellite receivers
were utilized, while Microdyne receivers
have also been used in other installa-
tions sucnh as United Cable's installa-
tion in Plainville, Connecticut. Any
satellite receiver having 70 MHz IF out-
put and input ports can be utilized in
this method. The receiver is purchased
as a split site type; that is, one com-
plete receiver is divided between two
housings. The down-converter and 70 MHz
IF circuits are installed at the antenna

site and the FM demodulator, video and
audio circuits are located at the head-
end site.

Tne fiber 1link "up converters" re-
ceive up to four 70 MHz IF receiver out-
puts. One remains at 70 MHz and the
other three are converted to higher fre-
quencies. The four frequencies are then
frequency division multiplexed and fed
to the laser transmitter. The laser
transmitter converts the RF signals by
intensity modulation of the laser to
light signals and transmits them down
the fiber.

At the receiver end of the link, an
avalanche photodiode (APD) converts the
optical power back to RF signals which
is split and down-converted to four 70
MHz IF signals. These are then fed to
the split site receiver demodulators
which give us baseband video and audio
out.

Figure 1. System Block Diagram



In the Falcon system, two (4-fiber)
fiber optic cables were lashed to a
strand along with coaxial cables from
the headend. The fiber used was Times
Fiber Communications, Inc. graded index
fiber with an average bandwidth of 800
MHz/km and 5.0 dB/km loss at 840 nm.
Five fibers are presently activated with
four channels on four fibers and two
channels on the fifth fiber for a total
of 18 channels. The system capacity is
four channels on eight fibers or 32
channels. The upconverters convert
three of the four 70 MHz IF signals to
110, 160, and 250 MHz. 70, 110, 160,
and 250 MHz signals are transported on
each fiber.

Design Calculations

SR

In a four channel earth station
downlink of this configuration, the sig-
nal-to-noise ratio is dependent upon:

1. CNR of the laser output (typi-
cally 45 dB).

2. Noise factor of the APD receiver
(NRy = 9 dB).

3. Cascade factor 10 log N (N = No.
of repeaters plus receiver.

4, Receiver input level Vin (typi-
cally 5 dBmv).

Since this system does not exceed
4 km in length, optical attenuation and
bandwidth are not a problem so a repeat-
er is not required.

System CNR = CNR Laser - NRy + Vin
-10 log N
CNR =45 -9+ 5-101og 1
CNR = 41 dB
The FM improvement in signal-to-noise
over carrier-to-noise for this wide de-
viation FM link is 39 dB.

SNR = CNR + improvement
SNR = 41 + 39
SNR = 80 dB

This SNR indicates that the fiber link
will be transparent. By transparent we
mean that no signal parameter will
change within the accuracy of the test
equipment utilized. See actual measured
performance section.

Link Loss

In selecting the optical fiber 1loss
required for the system, the following
have to be considered:

1. Minimum received optical power.
2. Laser transmitter output.
3. Connector losses.
4. Splice losses.
5. Operating margin.
Fiber Loss =
Max link loss + connector loss
length

+ splice loss + margin
length

Allowable link loss = 10 log
received power
transmitter output

10 log
1l uw
1000 uw

-30 dB

=2 x1.5dB
/connector = 3 dB

Connector loss

=3x .3dB
/splice = .9 dB

Splice loss

Fiber loss 300+3+ .94+6

4 Kkm

20.1

4

5 dB/km

AM Coaxial Cable

An AM coaxial system would be possi-
ble and we could calculate its SNR as
follows:

0 Assume 1" coaxial cable with 0.85
dB/100' at 400 MMz

o Amplifier spacing 20 dB

o0 Amplifier noise of 9 dB

0 Assume input level (vin.) of 10
dBmy




No. of Amp = Dist. -~ 100 x Loss (dB/100)
Amp Spacing (dB)
= 13,120 <100 x 0.85 + 20
= 5.58 or 6 amplifiers
CNR = +59 -N.F. +Vin -10 log N
CNR = +59 -9 +10 -10 log 6
CNR = 52.2 dB
SNR = CNR -4dB
SNR = +48.2 dB

FM Coaxial Cable

Using conventional FM over coaxial
cable would be an alternative method;
however, cost of such a system would be
greater than a fiber link with consider-
ably more electronics including strand
mounted electronics in the system. One
could also use the same up/down conver-
sion method used over fiber. This would
mean eight times as many outdoor elec-
tronics locations since eight coaxial
cables would be required. (See cost com-
parisons.) FM in either configuration
would produce a transparent link. The
SNR calculations are as follows:

CNR = 459 - N.F +Vin - 10 log N
CNR = +59 - 9 +10 - 7.8
CNR = +52.2 dB

The FM improvement for conventional
FM links would be 6 to 9 dB or a SNR =
58.2 to 60 dB and the conversion techni-
que gives us a 39 dB improvement which
makes both methods transparent.

In summary, we can readily see that
if we had a satellite channel at the an-
tenna site of 54 dB weighted SNR, we
would obtain, at the headend, in the
case of the fiber link or FM link, a SNR
of 53.96 dB by combining the two signals
on a power basis. In the case of the AM
link we would have a 54 dB input signal
on a 48.2 dB system with a resultant SNR
= 47.19 dB. Transporting the satellite
signals at 70 MHz IF and 10.75 MHz devi-
ation gives us an advantage over an AM
system of 6.75 dB in SNR. This means
that when we use this fiber link, we can
extend our system by the number of am-
plifiers that it replaced, which in this
case is six amplifiers.

System Planning

With aerial construction, fiber op-
tic cable splicing must be performed
from a bucket truck. Therefore, all
splice points must be accessible from a
bucket truck. Much of the Falcon in-
stallation was along backyard easements
which prohibited the use of a bucket
truck except at street crossings and
short distances along streets as can be
seen in the route map below.

Figure 2. Route Map

Because of this, the cable lengths had
to be selected carefully so as to have
the splice points come out at accessible
places with a minimum of excess cable.
Once the cables were selected and the
splice points located, construction
began.

System Installation

The installation of the Falcon ca-
bles was accomplished by a contracted
cable installation company under the
supervision of Times Fiber personnel.
Construction was started at the headend
working toward the earth station. Be-
cause the system was a new installation,
coaxial cables were being installed at
the same time, all lashed to strand.
The first 1length of cable to be
installed was 1.3 km (4200 ft.). This
length had seven 900 corners, (three




vertical, four horizontal) and three
450 bends. No special equipment or
techniques were required beyond good
coaxial cable installation practices.
Hanging and lashing of the fiber and
coaxial cables was accomplished in
approximately three weeks without any
problems.

Fiber Cable Splicin

After the cable installation was
complete, Times' splicing crew proceeded
to splice the cables. Fiber splicing is
accomplished using a fusion splicer
which melts the ends of the glass fiber
together. One person makes the actual
splices while a second person advises
him of the guality of the splice by ob-
serving using an optical TDR.

The 24 splices required for this
system were completed in three days with
an average splice loss of less than 0.3
dB.

System Interconnection

The optical components (transmitters
and receivers) are then hooked up and
received power measurements made.
Actual received power measurements and
meas- ured system attenuation was very
close to the predicted values. See
actual system measurements.

After the optical power measurements
are made, the remaining equipment is
hooked up and system performance is
measured. System performance attests to
the fact that this fiber optic satellite
downlink is truly a transparent system.

Actual System Measurements

All 18 active channels. were meas-
ured, and the signal-to-noise figures
are given below. The HBO channel was
examined in detail as the photos below
show. In all cases, the Fig.(n)A is the
antenna site and Fig. (n)B is at the
headend. HBO tramsmits, during the
vertical interval, a composite combina-
tion test signal, modulated stairstep,
and a field square wave which were util-
ized.

The following table is a comparison
of the predicted system loss to the
measured loss. For the five lines in
use:

Predicted loss = Cable loss
+ Connector loss + Splice loss:

I II 111 Iv Vv
Cable loss-dB 20.3 19.2 20.2 19.7 19.6
Connector loss-dB 3.0 3.0 3.0 3.0 3.0
Splice loss-dB 0.9 0.9 0.9 0.9 0.9
Total - dB 24.2 23.1 24,1 23.6 23.5

Actual Loss - 10 log Transmitter output
Recelver input

I II TII1 1V v
Transmitter
Output-uW 1000 1000 1050 995 1075
Receiver
Input-uw 6.1 4.7 5.5 4.65 4.2
Actual Loss-dB 22.1 23.5 22.8 23.3 24.1
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Fig. 3A
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Fig. 4B

Headend
Fig. 3B The above expanded view of the
Headend 2T and 12.5T pulses show some short time

distortion and chrominance-luminance
given inequality and some chrominance-

The above composite signal shows luminance delay inequality, however,
insertion gain is zero, and line time they are virtually the same at the earth
distortion is zero. station and the headend.



Fig. 5A
Earth Station Fig. 6A
Earth Station

Fig. 5B
Headend Fig. 6B
Headend
The above pictures of the 5
step staircase passed through a high The above pictures show some
pass filter show some differential gain, differential phase distortion, however,
however, it is the same from Earth it is the same at both ends of the fiber

Station to Headend. link.
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Fig. 8A
Fig. 7A Earth Station
Earth Station
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Fig. 8B
Headend
Fig. 7B
Headend The above pictures are of the
line bar of the composite waveform with
The above pictures show that noise inserted. The weighted signal-to-
gain/freguency distortion is zero at noise measurement of both ends of the
both ends of the link. system indicate 52 dB signal-to-noise.
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The actual EIA weighted SNR measure-
ments at the Earth station site and af-
ter the fiber link at the headend were
measured. It should be noted that a
time interval of several hours elapsed
between the measurements at either end
and some change in transmission or re-
ception quality can enter into the meas-
urements, consequently one should not
consider a difference of 1 dB signifi-
cant. In the following table under sta-
tion, a statement such as ------blank
(HBO) means there was no signal on the
assigned frequency so an agile receiver
was used to put up another signal (in
this case, HBO) to make the fiber system
measurements.
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Fbr. Rx # Station

#
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10
11
12

13
14
15
16

17

18

WGN
ESPN
Uush

Ncklodeon

WOR

Blnk
(ESPN)

Cinemax
Movie
Chan
CBN
CNN
ACSN
Gala-
vision
HBO
WTBS
BRAVO

Blnk
(Gala)

Blank
(HBO)

Blnk
(WTBS)

S/N

Anten.

53 dB
52 dB
52 dB
52 dB

51 dB

52 dB
52 dB

52 dB

52 dB
51 dB
50 dB

51 dB

52 dB
51 dB
49 dB

51 dB

52 dB

51 dB

S/N
Hdend

52 dB
52 dB
51 dB
52 dB

50 dB

52 dB
52 dB

51 dB

52 dB
51 dB
51 dB

50 dB

51 dB
50 dB
48 dB

50 dB

51 dB

50 dB



Cost Comparison

32-Channel-8-fiber Earth Station
Link

8 ea. Transmitters and Receivers
(Optical) $ 31,500
8 ea. Up/down Converter Sets
38,224
8 fiber optic cable 13,125
31,500
Total System Price $101,224

Note: This price includes all

connectors, hardware, etc., ex-
cept racks for the electronics.

32-Channel FM Coaxial Link

For cost effectiveness 1/2" coax-
ial cable was used with 9 ampli-
fiers in this calculation. Two
cables required with 16 chan-
nels/cable.

32 ea. FM Modems @ 3,000/modem

$ 96,000

18 ea. Trunk Amp. @ 900/amp
16,200
26,250' 1/2" cable @ 210/1000'
5,538

3117,758

Note: Tnis price is for the
electronics and cable only. No
interconnections, connectors for
the coaxial cable or rack mounts
for electronics are included.

Total Cost

SUMMARY

The fiber optic system in-
stalled by Falcon and Times at
the Monterey Park facility is
transparent, has no electronics
on the strand outdoors, and is
the least costly method of trans-
porting quality signals to the
headend. There is no question
but that they can now extend
their trunk lines by at least the
number of amplifiers saved over
the AM method with the same SNR

13

that would have provided. This
ability to extend their trunks
another 6 amplifiers deep means a
great increase in geographic area
covered.



LOW COST RURAL CATV SYSTEMS

RICHARD KIRN

WIRE TELEVIEW CORP.

ABSTRACT

Substantial economies may be achieved
in the electronics of trunk and distribu-
tion systems by the use of high gain line
extender amplifiers. Additional savings
may be found in the head end design, re-
duction of dual trunk/distribution cabl-
ing, and labor saving construction.

INTRODUCTION

Many system operators have towns
within 20 miles or so of their system,
and/or small communities or groups of
homes within a few miles of their cable.
However, when the system designer has
made an estimate of the cost of cabling
these areas, it is just not economically
possible using conventional construction
techniques. What alternatives do we have
that will allow us to profitably cable
these outlying areas?

ELECTRONICS

First, the high cost of trunk ampli-
fiers can be substantially reduced by ut-
ilizing line extender amplifiers as trunk
amplifiers. This '"mini trunk" approach
may bring to mind cheap and inferior con-
struction to some operators. This is just
not so. There is a wide selection of high
quality line extender amplifiers, using
the same quality components found in the
best trunk amplifiers. Table I provides
price comparison for the twelve amplifier
cascade illustrated in Figure I.

COST Or
URIT nO. 1IN 12 Awp
COST CASCADE cosr CASCADE
Trunk Station (Mamml)
2000/152 %1000 -] 98000
Trunk Station (Autamatic)
2000/153 1130 3 $3450 12,450
Mini Trunk (Mamml)
3000/152 9 482 ] i ]
Rini-Trunk (Autamatic)
1000/163 9 708 3 2298 $ 6,08
TABLE 1

Using list pricing for the amplifier
cascade, the "mini-trunk" approach re-
sults in amplifier costs approximately
one-half the cost of full sized trunk
stations with no degradation in capabili-

ty.

Now, remember that we are dealing
with small communities which translates
to short amplifier chains. Conventional
trunk amplifiers have gains around 25 dB
and are designed for maximum cascadabili-
ty. Modern high quality line extender
amplifiers are available with performance
characteristics as shown in Table II.

With short cascades we can operate
the amplifiers with O to + 3dBmV input,
which corresponds to about a + 40dBmV
output. In a well-behaved amplifier,
cross modulation/composite triple beat
expressed in dB will increase 2 dB for
each dB increase in the output level.
Applying this principle to the data in
Table II, results in the data in Table III.

the
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Dlanual Amplifier
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FIGURE I
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NOISE ouTPUT CROSS MOD CHANNEL
MODEL FIGURE GAIN LEVEL TRIPLE BEAT CAPACITY
231 8 dB 3;—§§ d8 -
7.5 dB 31-38 dB 34 dBmV -91 dB 1 (220 MHZ)
8 dB 38 -43 _dB 33 -8
241 7.5 dB 38-43 dB 34 dBmV -91 dB 21 (220 MHZ)
TABLE II
NO1SE outeut | choss mop CHANREL Now our electronic's cost has been re-
Lt L Satn LEVEL L UTR N L0 duced to one-quarter of a conventional
IR B e TR e 2T TR A 13-HEA8- M- system. But what about performance?
- ~ - = The cross modulation at the output of a
241 7.5 a8 -ﬂﬂ%ﬁk-ﬁﬂ!ﬁ ﬁ%{ﬂ ﬁﬁﬂ*ﬂﬁ} cascade of identical amplifiers increases
6 dB each time the number of amplifiers
is doubled. This rule can be applied to
TABLE III a cascade of any number of amplifiers by
using Table V as follows:
Again, keep in mind that we are deal-

ing with small rural communities and super
channel capacity is not required, and is
probably cost prohibitive. Typically, we
are dealing with 21 channel 220 MHZ or 30
channel 270 MHZ systems. Now, where does
all this lead us? Table IV shows that
with 40dB spacing and limiting our system
to 21 channels, amplifier spacings a mile
apart are possible. This reduces the num-
ber of amplifiers by one-half.

TRUNK CABLE AMPLIFIER SPACING (.750 CABIE)

To find system cross-mod, add the
value from the column (20LOGm)
opposite the number of amplifiers
in the cascade to the cross-mod
for one amplifier.

Using the data in Tables III and V,
we can calculate the cross-modulation at
the end of our 12 amplifier cascade and
find it to be -56 dB. This is approxi-
mately the industry system design stand-
ard of -57 dB and well below the -46 dB
for perceptible interference.

22 s 40 a8 It should be noted that good thermal
21 ch (220 MHZ) 1900 ft. 5300 ft. equalization is essential for proper op-
eration. The use of thermal equalization
30 ch (270 mHZ) 2500 ft. 4700 ft. will compensate for the variable cable
36 ch (300 MHZ) 2800 ft. 4500 £¢. loss between two amplifiers over the temp-
erature range from -20° to 120° F with
approximately ¥ 1dB flatness from 50 MHZ
TABLE IV to the highest frequency used in the sys-
NO. OF NO. OF NQ. OF NO. OF NO. OF
10 LOGm AMPS IN 20 LOGm AMPS IN AMPS IN AMPS IN AMPS IN
NOISE CASCADE CROSS MOD 10 CASCADE 20 10 CASCADE 20 10 CASCADE 20 10 CASCADE 20
0] 1 o] 10.41 11 20.82 131,22 21 26.44 14.91 a1 29.82 16.13 41 32.26
3.0 2 6.02 10.79 12 21.58 13.42 22 26.84 15.05 32 30.10 16.23 42 32.46
4.77 3 9.54 11.14 13 22.28 13.62 23 27.24 15.18 33 30.36 16.33 43 32.66
6.02 4 12.04 11.43 14 22.86 13.80 24 27.60 15.31 34 30.62 16.43 44 32.86
7.00 5 14.00 11.76 15 23.52 13.98 25 27.96 15.44 a5 30.88 16.53 45 33.06
7.78 6 15.56 12.04 16 24.08 14.15 26 28.30 15.56 36 31.12 16.63 46 33.26
B.45 7 16.90 12.30 17 24.60 14.31 27 28.62 15.68 37 31.36 16.72 47 331.44
9.03 B 18.06 12.55 18 25.10 14.47 28 28.94 15.80 38 31.60 16.81 48 33.62
9.54 9 19.09 12.79 19 25.58 14.62 29 29.24 15.91 39 3l1.82 16.90 49 33.80
10.00 10 20.00 13.01 20 26.02 14.77 30 29.54 16.02 40 32.04 17.00 50 34.00
TABLE V
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tem. If an automatic gain/slope amplifier
is used at every fourth amplifier loca-
tion, an economical trunk cascade with ex-
cellent level control can be achieved.

Another area of savings is the use

of long distribution cascades. The trade-
offs of this approach are as follows:

Advantages

1. Elimination of double (trunk/
distribution) cabling.

2. Reduce the number of bridger
amplifiers.

3. Allows the extensive use of in-
tegrated messenger (figure 8) cable.

Disadvantages

1. Possible disruption of service
for a large portion of the system if a
tap fails.

2. Degradation due to an untermi-
nated drop or feedback from a TV receiver,

3. Tap discontinuities.
4. Degration from amplifier cascade.
5. Powering problems.

The key to reducing the disadvantages
to a level that will result in reliable
service, is the modern quality tap. Us-
ing today's high quality directional taps,
with seized center conductors, provides
high reliability and isolation coupled
with 5 to 6 amps through current at low
hum-modulation levels. Figure II shows a
typical directional tap. Note that it has
one important distinquishing feature, re-
verse path isolation.

< —D
1 dB
‘ ewy | ’
In Out
14dB 30dB
Loss Isolation
Tap

FIGURE II

This isolation helps us in two im-
portant ways. First, it reduces signals
coming back down the distribution cable
(reflected ghost, etc.) from getting into
the subscribers drop; and secondly, keeps
subscriber generated signals from feeding
back into the downstream direction.

A directional tap can cause hum mod-
ulation. The power passing AC coil is a
very high impedence to RF, the coil may
have a ferrite, powdered iron, or air
core. At some point, as current is drawn
through this coil, the field will collapse.
When the field collapses the coil no long-
er presents a high impedence to the RF.
Now the power passing coil field does not
Just collapse and remain collapsed. As
the AC current passes back through the
zero point, it re-establishes itself, and
then recollapses, as the current increases
again. All this at a rate of 60 cycles
per second. This 60 cycle rate is, in ef-
fect, a form of modulation and will ap-
pear in the RF signal. Directional taps
are current rated and it is important not
to exceed that rating, not because the
tap will fail but because of the collaps-
ing field and the resultant hum modula-
tion. Keep in mind, that if a core is de-
fective, hum modulation may begin at very
low currents. Hence, there are some ad-
vantages to using directional taps with
air core coils.

Figure III is a typical rural town
distribution line with 150 foot spacing
of 4-way taps on .500 inch cable. 1In the
distribution system, the signal level
must be maintained high enough to feed
the last tap; thus, the block loss will
not be as great as in our trunk example,
and an amplifier gain of about 35 dB is
required. Amplifier spacing of about
2000 feet is practical with these parame-
ters.

How far can we go using this tech-
nique? Going back to Table V, we can
calculate that at 40 dBmV out, we can go
a maximum of 12 amplifier cascades. Re-
member, that this is the maximum cascade
chain. 1In a real situation, we are not
running a single straight line, but more
like a grid design or possibly using a
hub type distribution. Thus, the total
number of amplifiers could be many times
the twelve amplifier maximum cascade, and
cover substantial areas. Conversely in
some small communities, the maximum cas-
cade may be less than twelve and we could
operate at even higher output levels.
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INTEGRATION

How can we integrate these techniques
into an existing or area-wide rural sys-
tem? First, we may extend a short trunk,
to a cluster of homes, or small community,
or just distribution from an existing sys-
tem using low cost techniques to serve an
area that would not otherwise be economi-
cal.

A rural area is normally made up of
a number of small communities, clusters
of homes, and scattered individual homes,
farms, etc. While it may not be practi-
cal to provide service to everyone, it may
be feasible to design a system consisting
of a large number of small "low cost sys-
tems," as we have described, interconnec-
ted by a super trunk. The super trunk
may be 1.00 inch cable, and, may use a
conventional or "mini trunk" technique,
depending upon the overall complexity of
the system.

The cross modulation of two dissimi-
lar systems may be calculated using Table
VI as follows:

1. Determine the cross-mod level for
each system.

2. Compare these levels to obtain
their difference.

3. Using this difference, find the
derate value in the chart.

4, Derate the worst cross-mod level
by this factor to obtain the combined
cross-mod level.

DIFF.
m CIOBS RODULATION COMPINING DERATE: FOR DISSIMILAR AMPLIFIERS

Diff. Diff.

1.0
22.0
n.0
24.0
2s.0

(YR -
seesoo
2583

u

-

(-]

pawwn
-R-N-N-N-1
RN X A
Lagh
L EEY T

u

E

-]
S

sees

2.0
27.0
28.0
29.0
3a.0

Boesne
ecoe@o
-3
-
@~
-X-]
eorrr
Paaa?
P
85288

[ E-3r1-

MENu
- NS
D:'
.
°
(-]

o

TABLE VI

83

CONSTRUCTION

Once the decision is made to utilize
long distribution cascades (up to 8-10
amplifiers), a sizable portion of our cable
plant is now single cable. Integrated mes-
senger (figure 8) cable, with its associa-
ted hardware, and, installation labor sav-
ings, may be used for a sizable portion of
the system. About a 30% reduction in the
cost of cable and labor will be achieved
by the reduction of dual trunk/feeder, and
the use of figure 8 cable.

HEAD END

For the system that must stand alone,
the head end represents considerable cost
for the system planner. Signal processors
for off-air channels, and modulators are
available from at least one manufacturer
(Triple Crown) in an economy version at
one-third the cost of more conventional
equipment. While not having all the fancy
options, and not quite as good specifica-
tions, they will provide satisfactory per-
formance in most cases.

Antenna and pre-amplifier economies
may be achieved where several signals are
received from the same direction. Heavy
duty all-channel antennas (Jerrold J283-X);
or hi/lo band logs, combined with a low
noise broad band (customed to a specific
bandwidth) pre-amplifier (Q-Bit Corp.) may
be used to receive a number of channels at
the cost of one antenna and one pre-ampli-
fier. Of course, this technique will not
work in all cases, depending upon the sev-
erity of the reception problems, so a care-
ful analysis should be made for each situa-
tion.

CONCLUSION

The classic cable system with which
we are all familiar, is designed for maxi-
mum cascadeability; which is all right pro-
viding we are cabling New York City, but
for Centerville USA, do we need that? The
techniques presented here to provide ser-
vice to subscribers in rural areas at a
reasonable cost, hopefully will start you
thinking about how you can save money with-
out sacrificing service quality. While not
everyone will agree with the approach pre-
sented, I believe it is worth considering.



MULTICHANNEL VIDEC TRANSMISSION
THROUGH LASER DIODE BASED FIBER OPTIC SYSTEMS

Lewis C. Kenyon

valtec

ABSTRACT

This paper details some of the practical
design considerations in employing injection
laser diodes and avalanch photodiodes in the
transmission of video signals through fiber optic
cable. Specific attention is given to the noise
properties associated with these devices
(including laser noise, modal noise and noise due
to coupling effects) and how it relates to system
performance. The effect of laser diode non-
linearities on noise and bandwidth is also
discussed.

A three channel FDM-FM prototype system is
presented and its measured performance is
related to the optical devices employed.

INTRODUCTION

Throughout the summer and fall of last year
we explored requirements necessary to implement
a wideband analogue transmission link employing
laser diodes. The primary emphasis was on a
multichannel video system. Of the possible
modulation techniques, FM was chosen and
developed because of the possible noise bandwidth
tradeoff. To this end, a prototype transmitter
and receiver were designed and tested together
with a Catel VFMS-2000 FM modulation system.

GENERAL CONSIDERATIONS

In the implementation of a wideband
(>200 MHz) analogue system, 50pm core graded index
fiber was selected as the best choice fiber.
Fibers of this type will soon become readily
available with bandwidths beyond 500 MHz-Km and
attenuations less than 3db/Km and 1db/Km at wave-
lengths of 850 and 1300nm respectively. In the
future even broader bandwidths will become availa-
ble. Long wavelength sources and detectors
presently are not as readily available as short
wavelength devices. Furthermore, they do not
perform as well. Primarily for this reason, only
short wavelength devices are considered in this
paper.

Of the three optical elements in the trans-
mission system, the laser and laser fiber inter-
action present, the most difficulty. LED sources
are limited by material dispersion; therefore,
they cannot be used in this application.

Both singlemode and multimode lasers were

investigated. In the singlemode devices, the
resultant modal noise caused noise floor variations
as great as 15db. We felt this was unacceptable.
Microwave modulation was attempted and the noise
floor exhibited comparable stability to the multi-
mode devices tested. Under this condition, the
minimum noise initially observed was significantly
below the level observed with u-wave modulation.
Therefore, the program tended toward securing a
multimode laser system.

LASER NOISE

It is now necessary_ to briefly describe the
several noise processes. The most fundamental is
intensity fluctuations caused by the spontaneous
and stimulated emission processes. These fluctua-
tions are increased by reflection back into the
laser cavity from the laser-fiber and fiber-fiber
interfaces. While it is desirable to achieve
tight coupling, this interference may decrease
the carrier to noise (C/N) ratio sufficiently to
limit the system S/N ratio even at moderate
received power levels. Figure 1 shows the signal
to noise ratio of our system with two different
laser sources. For both lasers employed, the S/N
flattens at high power levels. Theoretically, it
should increase with the square root of the power
(which it does for LED sources) .

Figure 1.
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Figure 2 shows the spectral output of a
typical multimode laser. It has been found by
Ito*’™ and others that individual modes can vary
as much as 50db above the ensemble average. If
all modes are passed evenly to the detector,
little noise will appear. However, the fiber and
connector form a mode selective network. As a
consequence, the detected output voice floor will
shift because of the uneven delay and attenuation
characteristics in the fiber. This noise,
therefore, is initiated by either fiber refractive
index changes (e.g., an aerially suspended cable
in wind) or thermal instabilities in the laser.

Figure 2
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In summary every attempt should be made to
align all connectors as accurately as possible,
to insure good thermal stabilization of the
laser, and to minimize reflections back into the
laser cavity. This however will not totally
eliminate modal noise. The resultant low C/N
ratio makes wide deviation FM equipment necessary
for multichannel applications.

COUPLING

One of our major objectives was efficient
optical coupling. The small emitting area and
large beam divergence in the direction perpen-
dicular to the heterojunction produce 8 to 10db
coupling loss for a cleaved fiber. The use of
tapered fibers with hemispherical lenses formed
on the end have been used by us with good results.
Employing this technique, we have been able to
achieve greater than lmw output power consistently
from a 5 - 8mw laser, coupling efficiencies of
>30%.

A second objective was to minimize reflec-
tions back into the laser cavity. The smaller
curvature of the lens after tapering, and the
wider separation from the laser cavity, made
possible by this technique, helps meet this
objective.

DETECTORS AND SOURCES

Currently two kinds of detectors are employed
in fiberoptic receivers. They are PIN diodes and
avalanch photodiodes. Even for FM transmission
good video will require sufficient received power

to make leakage currents insignificant.

Of the two types of detectors, the APD has a
significant advantage in wideband systems. The
avalanch gain allows the detector shot noise to
dominate the receiver noise at most received power
levels. Furthermore, the APD can be used as a gain
control element. The PIN diode may be employed in
shorter distances and reduced channel capacity
systems. Generally, they do not require the
temperature compensation and large reverse bias
supply of an APD.

In our prototype, the APD chosen was the
RCA C30908E with integral light pipe. This device
was chosen primarily because of its low excess
noise.

Multimode lasers from LDL, NEC and G.O. were
evaluated with the following results. The G.O.
GOLS-DIP laser provided the most linear operation.
Furthermore, the noise floor was the most stable,
less than 1ldb. It was felt that this offset the
increased average noise. Table 1 shows the
measured signal to noise ratios for the NEC 3108P
vs the G.0. GOLS/6687-DIP. The LDL SCW 10
produced the same noise characteristics as the NEC
device. Linearity of the devices was measured
using a two tone test method. The modulation index
for the two tones was .3 each at 10 MHz and 17 MHz
respectively. The NEC 3108 and LDL SCW-20 lasers
measured at -33db 2nd harmonic distortion.

General Optronics specifies their device at -40db
2nd and -50db 3rd.

Table 1
Output S/N NEC-3108P, GOLS 1/6687-DIP

Laser Transmitter

NEC GOLS
PIN S/NU S/Nw S/NU S/Nw
1 37.3 48.4 34.5 44.5
2 41 52.0 36.5 46.5
5 43.7 54.4 40.5 50.5
10 44.1 55.1 41.5 51.5
20 47.5 56.5 42 52.0
35 47.2 58.1 42 52.0
50 46.7 57.1 43 53.0

OPTICAL TRANSMITTER

Figure 3 shows a block diagram of the
analogue transmitter. A 10.7 MHz oscillator is
provided for AGC purposes. 10.7 MHz was chosen
because relatively inexpensive ceramic filters
could be purchased at that frequency. A PIN diode
monitors the output power at the rear facet. The
operating point is controlled within 1ldb.
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Figure 4 shows the preamplifier detector
circuits. The APD can be used as a linear gain
control element. To this end two separate bias
control networks are provided. The first bias
control allows the gain to vary from 100 to 20 as
power is increased. The second circuit fixes
the gain at 20 for all increased power levels.
The preamplifier is of the transimpedance type

with a transimpedance of about 1X.

Figure 4
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Figure 5 shows the rest of the amplifier.
This circuitry employs a FET attenuation network
and a manual gain switch. The output is sampled
and fed through a 10.7 MHz band pass filter which
detects the pilot tone used to control the AGC
elements. A high frequency modulation detector
is also provided. The receiver bandwidth is about
200 MHz. Harmonic distortion for this receiver
is typically at -50db second, and -55db third.
The dynamic range of the receiver is about 20db
optical.
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SUMMARY OF TEST RESULTS

The initial objective was to produce a
wideband system capable of supporting at least
3 FM video channels with better than 50db S/N
ratio. If the maximum modulation depth (m) is
restricted to, say, .2 per channel and the system
is shot noise limited at the detector, approx.
3uw received power would be required for 50db
S/N ratio (CCIR weighted).

The output signal to noise ratio of our
system employing the Catel FM modulators is
shown in Table 1. ©Note that the 50db S/N ratio
was achieved only for the NEC laser. Its noise
floor was subject however to 3 to 4db variations,
making the exact S/N difficult to establish. The
G.0. laser was stable and produced noise 6db
greater than anticipated.

Interference susceptibility against a gray
screen was found to be imperceptible at -40db in
most cases, -50db in all cases. It is felt that
if the number of channels were small, 3 or 4, a
channel plan could be found which would allow
minimum interference possibilities and allow
increased modulation depths, say a 70 MHz, 90 MHz,
130 MHz plan. The FM enhancement is about 4db
with standard Catel modulators. The CCIR
weighting network improves the S/N additionally
10 to 11db. This corresponds well to the 16db
measured total improvement. It is extremely
advantageous to increase the modulation index (B)



of the FM modulators even further.
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CONCLUSIONS

1. Increased source noise make wide
deviation FM equipment necessary.

2. Laser noise produced results which
indicated system noise limited by source C/N ratio.

3. Multimode lasers are preferred as they
limit modal noise.
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NEW SERVICES VS. THE FAA:

A PROBLEM IN NEED OF A SOLUTION

NICHOLAS E. WORTH

TELECABLE CORPORATION
Norfolk, Virginia

ABSTRACT

Recent technological advances in
amplifier design may make it possible to
deliver new broadband communications serv-
ices in step with the public demand for
these services. However, burdensome gov-
ernment regulations threaten to impede
full development of new services, and an
unfavorable political climate may post-
pone the needed relief. The author pro-
poses an interim solution which may ef-
fectively eliminate many of the restric-
tions faced by operators wishing to
provide new communications services to
subscribers.

INTRODUCTION

The extension of cable amplifier
channel capacity is one of the most
promising developments to occur in recent
years. It comes at a time when the public
demand for entertainment and informational
services is increasing at a rapid pace.

Extended bandwidth cable systems with
capacities from 40 to 52 channels, utilize
precise interval frequency plans such as
HRC, to reduce the effects of distortion
caused by the increased channel loading.
FCC Rules and Regulations, Part 76.610
require that all cable system carriers in
the 108-136 MHz and 225-400 MHz bands,
with power in excess of 10 ° watts be off-
set from aeronautical radio service car-
riers operating within 110 kilometers of
the cable system. But, offsets or devia-
tions from constant interval frequency
plans are not practical. What technologi-
cal gains promise to provide, current
regulations threaten in part, to take away.

BRIEF HISTORY

During the twenty-five year period
preceding 1976, no incidences of cable
interference to aeronautical communications
had been recorded. However, as a result
of tests conducted by the Department of
Commerce, Office of Telecommunications in
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1974, the FAA became concerned with the
potential of cable interference to aero-
nautical communications. The results of
the aforementioned tests, published in
1974 and 1975, showed that under certain
extreme conditions, interference could
occur.

In April 1976, pilots flying over
the cable system in Harrisburg, Pennsyl-
vania heard whistling noises on voice
frequency 118.250 MHz, in the absence of
a desired signal. A subsequent 1nvesti-
gation by the FCC determined that signals
leaked from the cable on the nominal fre-
quency of 118.250 MHz caused the inter-
ference. It is important to note that the
118.250 MHz signal was transmitted in the
cable system at essentially the same level
as visual carriers, and that the system
was found to have a large number of leaks
with levels significantly in excess of
FCC Rules, Part 76.605.

What followed in December 1976 was
an FCC Notice of Proposed Rulemaking,
Docket 21006, addressing the issue of
cable use of aeronautical frequencies.
Comments were filed by a number of inter-
ested parties. 1In July 1977, the FCC
issued a Report and Order requiring cable
systems which used frequencies in the 108-
136 MHz and 225-400 MHz bands to coordi-
nate usage of these frequencies with any
aeronautical assignments located within
110 km of the cable system. Coordination
generally entailed offsetting of cable
carrier frequencies from aeronautical
assignments where the power level of those
cable carriers exceeded 10 > watts in the
system.

The Rules were admittedly stringent.
To paraphrase the FCC Report and Order,
the offset requirements were adopted "out
of an abundance of caution, until research
can fill the gaps of our knowledge."

The FCC then fostered the formation
of the Advisory Committee on Cable Signal
Leakage, composed of representatives from
the FCC, the FAA and the cable industry.
Members of the Committee performed both



aerial and ground based leakage measure-
ments on a variety of cable systems, and
in November 1979, published the results in
the Final Report of the Advisory Committee

on Cable Signal Leakage. From the results
of the Report a number of interesting con-
clusions were drawn:

(1) Airborne and ground based leak-
age measurements correlated; therefore, a
thorough leakage monitoring and prevention
program could prevent interference in the
airspace above a cable system.

(2) Signal power from multiple leaks
increases by power summation; the FAA's
hypothesized phased array effect was not
observed to occur.

(3) Cable systems with reasonable RF
integrity did not produce interference in
the airspace; cable systems with many
gross leaks could cause detectable levels
of interference in the airspace above
them.

Based on the findings of the Commit-
tee, the FCC adopted in March 1980, a
Further Notice of Proposed Rulemaking
which proposed relief from the burdensome
regulations. Then in August 1980, a case
of cable interference to aeronautical
communications was reported over a cable
system in Flint, Michigan.

As of this time, a total of five
cases of cable-related interference to
aeronautical communications have been
documented. Information on the cases is
tabulated below.

Aeronautical Power
Frequency Cable Carrier Level

Location MHz Frequency MHz Watts
Harrisburg, -4
Pennsylvania 118,250 118,250 >10
Oxnard, -4
California 135.500 135.500 >10
Hagerstown, "
Maryland 118.250 118.250 >10
Wilmington, Degree and cause of
N. Carolina interference uncertain.
Flint, -4
Michigan 133.250 133.250 >10

Because the Wilmington case contains
apparent inconsistencies, I have attempted
to draw no conclusions from it. The re-
maining four cases had several factors in
common: carrier power levels exceeded 10 “
watts by a significant amount, carriers
were not offset from aeronautical frequency
assignments, and the systems had no leak-
age monitoring and prevention programs in
place.

19

To put things in perspective, during
the nearly thirty years that cable systems
have been in operation, four cases of
cable interference to aeronautical fre-
quencies have been proven to have occurred.
To responsible cable engineers, four cases
are four too many. However, during this
same period, hundreds of cases of inter-
ference to aeronautical communications
were caused by over the air transmitters.

TELECABLE CORPORATION'S
EXPERIENCE WITH PRIOR COORDINATION

During the period from 1977 to 1981,
TeleCable performed prior frequency co-
ordination for 168 television and data
channels in the 108-136 MHz and 225-400 MHz
bands in 13 cable systems. By present FCC
Rules, Part 76.610, we discovered 44 po-
tential conflicts with aeronautical as-
signments, a rate of approximately 25%.
The conflicts were avoided either by off-
setting the carrier frequencies or by
simply not using the carriers in question.

We then reexamined all 168 cases
under the hypothetical conditions that
carriers whose maximum system power levels
fell below 10 “ watts need not be offset,
and that carrier frequency offsets from
non-emergency aeronautical frequencies of
10 KHz + /T/ were gufficient. (1)

By contrast, only five conflicts re-
mained out of the 168 channels which were
examined. One of the five channels was a
pilot carrier whose frequency could easily
have been offset to clear the problem.

The remaining four conflicts were all
associated with one system. The system is
located in a major metropolitan market and
utilizes an HRC channelization plan.

COGENT POINTS FROM THE FCC NOTICE AND
THE FINAL REPORT OF THE ADVISORY COMMITTEE

Based on data gathered during the ex-
tensive measurements conducted under its
auspices, the Advisory Committee recom-
mended that "the threshold cable system
power level at which leakage integrity and
frequency offset rules become applicable,
should be changed from the present 10 s
watts to 10" watts." As can be seen from
the computations presented in the Addendum,
the adoption of this recommendation would
allow most aural carriers and frequency
modulated data carriers to operate with-
out offset.

The FCC in its July 1977 Report and
Order acknowledged that "the Radio Tech-
nical Commission for Aeronautics (RCTA)

(1Y /T/ = absolute value of cable headend
equipment frequency tolerance.



standards for aeronautical communications
receivers specify that the response of
receivers should be down by 40 4B at *10
KHz, relative to the desired carrier."

PROPOSAL

I propose that the following interim
regulatory measures be adopted:

* All cable system operators who desire
to use frequencies in the 108-136 MHz
frequency bands shall initiate a com-
plete filing as required by FCC Rules,
Part 76.610; users of these frequen-
cies shall be bound by the leakage
monitoring provisions of the present
Rules.

* Carrier frequency offsets from non-
emergency aeronautical frequencies
should be reduced to 10 KHz + /T/.

» Carriers with maximum_eeak envelope
power levels below 10 watts need
not be offset in frequency.

* NCTA and the FCC jointly develop a
simplified waiver process for sys-
tems desiring to use frequencies in
the 108-136 MHz and 225-400 MHz bands,
but unable to offset carrier fre-
quencies. The key criteria that a
cable system must satisfy should be
demonstration of a suitable leakage
monitoring program and the measure-
ment of system leakage to satisfy

any of the following criteria:
(1) 10 log T 3000 <-7
(2) 10 log I = <64
(3) leakage levels at 450 meters

< 10uv/meter
CONCLUSION

Significant relief from current FCC
Rules Part 76.610 could be granted without
posing any additional risk of interfer-
ence to aeronautical communications. Re-
lief of the form I have proposed would
eliminate the vast majority of conflicts
and provide a method of resolving those
which remain.
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ADDENDUM

Assume that the maximum specified
rms level at the modulation envelope peak
for any visual carrier on a particular
cable system is + 48.75 dBmv. Adding
3 dB to allow for system level variations
and subtracting 13 dB to allow for the
minimum permitted visual to aural carrier
level difference, the maximum aural car-
rier level on the system would be + 38.75
dBmV or 86.6 millivolts.

P = E°/R
Where, P = power in watts
E = voltage in volts
R = 75 ohms, characteristic
impedance of cable system
elements
P = (86.6 x 1073)2/75
P=1x 10-4 watts



PERFORMANCE OF A 400 MHz,
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Scientific-Atlanta,

ABSTRACT

A summary of extensive tests of a
400 MHz, two-way sub-split distribution
network is given. Data includes noise
performance, frequency response, and dis-
tortion measurements. Subjective evalua-
tions of the television picture quality
are also given.

The distribution system consists of a
20 amplifier trunk cascade and a bridger,
taps and line extender. Each station was
fitted with standard equipment and access-
ories as would be encountered in a typical
field installation. The entire distribu-
tion system was installed in an environ-
mental chamber and tests were performed
from -40°F to 140°F.

A completg TV headend system with 54
forward and four reverse channels fed the
distribution network. Television signals
were obtained off 'the air, from satellite
video receivers and test generators.
Tests were conducted for standard and
harmonically-related-carrier (HRC) fre-
guency assignments. Of particular
interest is the comparison of performance
when phase locked and non-phase locked.

INTRODUCTION

At Scientific-Atlanta, a 400 MHz
headend and distribution system was con-
structed for engineering tests, evalu-
ation, and customer demonstration. With
this complex, tests can be conducted under
controlled conditions and a variety of
experiments can be performed that would
be inconvenient or impractical in a field
installation even before commissioning the
system. A summary of the more important
tests that were made is the subject of this
paper. Tests of the headend are not
addressed since it consists of standard
equipment (except for hyper-band LO units)
that have been operational at 300 MHz for

54 CHANNEL,

Pidgeon,

60
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Jr.
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a number of years. Likewise, performance
of the 5-30 MHz sub-split reverse system
is the same as for 300 MHz reverse systems
and is not discussed herein. All 400 MHz
distribution equipment employed for these
tests was assembled with standard pro-
duction run Scientific-Atlanta products.

System Description

Before discussing the performance of
the distribution system, a brief descrip-
tion of the system complex is in order.
In the headend, television programming
originates from an earth station with 16
video channels and off the air with four
VHF and four UHF channels., Each of these
video channels is processed by two mod-
ulators to provide 48 TV channels. These
are supplemented with teletext and test
patterns for a total of 50 channels in
the harmonically-related-carrier (HRC)
frequency plan. Phase locked and non-
phase locked operation is employed. In
addition, a 54 channel Matrix Electronics
Multiple Freqguency Signal Generator (in
the standard frequency plan) supplied
carriers for CW distortion tests.

The trunk cascade consists of 20
trunk stations, each interconnected by
0.5 inch gas injected dielectric cable
with 22dB loss at 400 MHz. Each trunk
station includes a dual-pilot control and
a sub-split reverse amplifier. The
feeder, which consists of 8 taps (each
separated by 1dB of cable), an in-line
equalizer, and one line extender is
driven from the bridger in the last trunk
station. The entire trunk cascade and
feeder system operates in an environ-
mental chamber with capability of
operation from -40°F to over 140°F.

The trunk amplifier is a conventional
two-hybrid design. All fixed cable



equalization (plug-in equalizers and pads)
is at the input to the first hybrid.
Automatic-gain-control (AGC) and automa-
tic-slope-control (ASC) circuits are in-
cluded in the interstage network between
hybrid amplifiers. Provisions are in-
cluded for plug-in interstage trim net-
works which may be used to make small
corrections to the cascade response. Gain
of the trunk amplifier is 22dB in the nor-
mal operating configuration. Normal
operating level is 33dBmV at the high
chanr.el with 3dB cable-equivalent tilt.

The bridger and line extender operate
at a level of 464dBmV at the high channel
with 7dB tilt. The line extender includes
a thermally-compensated slope and gain
control designed to compensate for 10dB of
cable loss and 8 taps, or an equivalent
mixture of cable and tap loss.

AMPLIFIER SPECIFICATIONS

Trunk with
Trunk Bridging Line
Station Station Extender
Typical Operating Gain 22dB 3548 29@B (max.)
Noise Figure 1188 1448 12.54B
Output Level 33dBmv 46dBmv 464BmV
3dB Tilt 7dB Tilt 74B Tilt
Composite Triple Beat -B82a8 -5948 -61dB
(54 Channel)
Cross Modulation -85dB -61daB ~-64dB
(54 Channel)
Second Order -B3dB -644dB -73dB

TABLE 1

Aamplifier Specifications

Abbreviated specifications for the
trunk amplifier, bridger, and line ex-
tender are given below. These specifi-
cations apply for all equipment in igs
normal operating configuration at 68 F.

Trunk tilt was chosen to provide con-
stant carrier-to-noise ratio. Since all
fixed equalization precedes the first
hybrid amplifier (the trunk amplifier
response is essentially flat with no
equalization added), a tilt of 3dB is
required to overcome the higher noise
figure and circuit loss at 400 MHz. The
bridger and line extender operate with
7 dB tilt to overcome feeder cable and
tap losses.

Calculated Performance

From the above unit cpceceificationa,
performance of the distribution system
can be calculated by noise-power addition
of uncorrelated components and voltage
addition of distortion components which
maintain the same phase relationship in
each amplifier, Since the preponderance
of third-order distortion terms (Fa+Fb-Tc,
and 2Fa-Fb) add in phase in a linear-
phase cascade, composite~triple-beat
and cross-modulation components are
added on a voltage basis. Second~-order
distortion i$§ accumulated on a power
basis. With these assumptions, the
computed system performance is given be-
low.

CALCULATED SYSTEM PERFORMANCE

TRUNK CASCALE

TRUNK CASCARE +

TRUMK CASC + BRIDGER

ONLY BRIDGER STATION + 1 1 IME-X CASCADE

CSC C/N X/H 2ND CT/B C/N X/ 2ND CT/B C/N xX/4 2HD C1/B
1 $9.0 -85.0 -83.0 -82.0 6.0 -61.0 -~-64,0 -~59.0 33.2 -nbé.4 -43.5 -33.9
2 6.0 -79,0 -80.0 -76.0 54.2 -60.% -6%,9 -58.4 82,2 -56.0 -635.4 -53,4
3 Y4.2 -75.% -78,2 ~-72.%5 53,0 ~-40.0 -63.9 -57.8 1.4 -0L5.7 -463.4 -53.3
4 53.0 -73,0 -77.,0 -70,0 92,0 -59.5 -63.8 -57.3 50.7 -55.4 -63.3 -53.0
S $2.0 -71,0 -76.0 =-48.0 S51.2 -49.,0 -~-&3,8 -u6.8 ©0.1 -55.2 ~-63,3 -52.4
6 51,2 -69.4 -7S.2 -66.4 50,4 -58.46 -64,7 -56.4 49.6 -54.9 -63%,2 -52,4
7 §50.3 -48,1 -74.3 -4S5.1 50.0 -L8.,2 -44,7 -~35%5.9 49.1 -G4.6 -63.,2 -52,
2] 50.0 -66.9 -74.0 -63.9 49.5 -57.8 -6%.6 -55.95 48.7 -5A4.4 -464,2 -51.8
9 49.5 -63.9 ~-735.0 -62.9 49,0 -357.3 -63.4 -35.1 48.3 -%4.1 -63.1 -51.5
10 49.0 -465.0 -73.0 =-62.0 48.4 -57.1 -43.,% -54.7 47.9 -54.9 -63.1 -51.3
11 48,46 -44,2 -72.6 -61.2 48,2 -354.8 -43.9 -54.4 47.6 -~94.4 -63,0 ~51.0
12 48.2 -43.4 -72,2 -460.4 47.9 -96.4 -43.4 -54.0 47.3 -53.,4 -43.0 -50,8
13 47.9 -42. =71.9 -349.7 47.43 -bé.1 -63.4 -53.7 47.0 -23.2 -462.9 -50.4
14 47,3 -42.1 -71.,5 -%59.,1 47.2 -55.8 -63.,3 -53.3 446.8

1% 47,2 -61.5 ~71.2 -Uu8.5 47.0 -S3.5 -63,3 -53.0 16.5

16 47,0 -40.9 -71.0 -57.9 446.7 -55.2 -43.,2 -50.7 46,3

17 44,7 -450.4 -70.7 -57.4 46.4 -04,9 -83%,2 -52. 46,0

18 46.4 -59.9 -70.4 -56.9 46.2 -54,7 -63.2 -52.1 45.8

19 46.2 -%99.4 -70.2 -Ub.4 46.0 -54.,4 -63.1 -%1.9 45,4
20 446.0 -59.0 -720.0 -5&.0 45.8 -54,2 -63.,1 -351.6 45.4

oy




Figure 1.  Trunk Response =~ Figure
0

Bottom: -40°F






MEASURED PERFORMANCE

Frequency Response

Plots of the trunk, bridger, tap and
line extender are given in Figures 1-4 for
temperatures of -40°P, 68°F and 140°F,
These responses were recorded through a
tilt correction network to remove the
nominal system tilt. The 0dB reference on
each scale represents the nominal signal

level. The scale for the tap output is
the tap level in dBmV Response of the
trunk cascade within - 14B was achieved

with five interstage trim networks, four
of which are low-frequency peak networks
that compensate primarily for diplex-
filter cross-over loss, and one broad-
band "dish" network (a mid-band dip with
peaks at low and high ends). As seen in
Figure 1, the response of the trunk °
cascadg remains nearly constant from -40 F
to 140 F. The line extender contains a
thermal gain and slope network to com-
pensate for approximately 4dB total
change in high-frequency loss of the
feeder network over the temperature
range, The response of the total cas-
case to the line extender output is
within 4dB peak-to-valley over the
temperature range.

Carrier-to-Noise Ratio

Carrier-to-noise ratio is plotted
in Figure 5. The results agree well
with the predicted performance -
approximately 1.5dB better than calcu-
lated at 68°F, and constant to within
1.5dB. The carrier-to-noise ratio
decreases as temperature increases due
to the increased cable loss and increase
in noise temperature of the cable and
lossy circuit elements. However, the
main source of output noise are the
hybrid amplifiers, and those devices
operate at elevated temperature. The
separation of the high-temperature and
low-temperature curves of Figure 5
follows that expected from noise temper-
ature calculations.

Composite-Triple-Beat

Composite-triple-beat is measured as
the ratio of the average power of all
beats at the carrier frequency to the
carrier power with all carriers unmodu-
lated. These triple-beat measurements
were made in the standard frequency
assignments (carriers not phase locked)
and, therefore, do not include second-
order beats. Plots of the composite-
triple-beat are given in Figure 6. The
cascade performance is well behaved and

2-3dB better than predicted by the ampli-
fier specificatios. The plots also show
very little change with temperature. Al-
though the maximum number of beats occur
on channel 0, that is not necessarily the
worst channel. Hybrid "high-frequency
effects"? produce a weighting factor that
is higher at the higher frequencies.

x=68°F H=140°F C--40°F
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Figure 5. Carrier-To-Noise Ratio (dB)

x=68°F H=148°F C--40°F

-50

2 CHANNEL Qa

Figure 6. Composite Triple Beat (dB)



Cross-Modulation-Ratio

Cross-modulation-ratio is measured as
the ratio of the modulation detected from
an unmodulated carrier to the modulation
detected in a 100% modulated carrier with
all carriers modulated except the one in
the channel being measured. Modulation
of the triple-beat components also pro-
duces modulation noise on the carrier
being measured, but when not phase locked,
that noise was rejected by the narrow-band
selective level meter employed for the

test. Plots of the measured cross modu-
lation are given in Figure 7.

X=68°F H=148°F C=-4B°F

2 CHANNEL aa

Figure 7. Cross-Modulation Ratio (dB)

Second-Order-Distortion

Second-order distortion causes the
sum frequency of two carrier beats to
fall 1.25 MHz above another carrier and
the difference frequency to fall 1.25 MHz
below a carrier in the standard frequency
plan. The second~order single beats
measured were quite low as seen from the
data in the table below. Beats falling
on channel QQ were -70dB or lower. In
addition to single-beat measurements,
composite second-order beat was measured
with all carriers on, and this level
also was low. The actual power in the
channel 2 beat is somewhat higher than
measured since the spectrum of the beats
is spread and high analyzer resolution
had to be used to resolve the beats from
noise,

SECOND ORDER DISTORTION

Channel Carriers Secong—OIder D%stortiono(da)
Measured on -40°F 68 F 140°F
2 HH, QQ < -69 -66.5 -67
2 All -69 -66 -65
xQ 2, HB < =70 < =70
[0;0] 10, 12 < =70 < -70 < =70
[0;0] All ~62.5 -63 -60

VISUAL TESTS

Visual tests were performed to assess
the quality of the TV picture for home
viewing and to determine the upper margin
of signal level in the trunk system at
which distortion becomes perceptible. The
set-top terminal and receiver could be
switched between the headend output and
output of the distribution system for
direct comparison. Both television pro-
gramming and test patterns were observed
on a Sony Trinitron. At normal signal
levels and under close scrutiny, the
author found no significant degradation
in picture quality due to distortion with
the headend either phase locked or not.
Some noise could be seen in the back-
ground under close scrutiny. No esti-
mation of noise impairment was made since
it was felt that the carrier-to-noise
data reported previously would best mea-
sure the effect of noise.

Experiments were performed in which
the signal level at the input to the
trunk was elevated and correlated with
the threshold of perception of impair-
ments in the TV picture. Here, the
judgment of perception was made by another
trained observer. Results of this
experiment are plotted in Figure 8. When
non-phase locked, interference was first
observed as what appeared to be composite
triple beat, or dark horizontal streaking
in the picture. The threshold level of
Figure 8 has the general shape of the
composite-triple-beat curve of Figure 6.
The shapes of the curves are very similar
as they should be for a composite-triple-
beat limited system.
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Figure 8.

For the phase locked mode, the

signal level could be elevated consid-
erably before distortion could be seen

in the test pattern. Distortion first
appeared as a hint of frames or sync bars
slipping in the background, and occas-
ionally a faint image could be seen. At
about the same level, or slightly higher,
horizontal streaking similar to triple-
beat streaking in the non-phase locked
mode could be seen. The threshold for

which distortion of either type first
appeared is plotted in Figure 8. The
improvement by phase locking is clearly
evident. The threshold date for Figure 8
was taken on a color bar test pattern.

REMARKS

The tests reported in this paper are
evidence to the technical accomplishment
of 400 MHz Cable TV. Now a number of
similar systems are in operation in
major cities and similar results are
being experienced. The first 400 MHz
system became operational June 30, 1980
in Orland Park, Illinois, and performance
of the distribution system as reported to
this author has been very good; results
are comparable to data presented in this
paper. Details on the performance of that
systgm are given in a paper by Gerald
Bahr™ to be presented at the 1981 30th
Annual National Cable Television Associ-
ation Convention.
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SATELLITE SERVICE PROTECTION

ANDREW F.
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INTRODUCTION

Satellite common carriers face a special
problem -- their basic communications fa-
cility cannot be repaired once in orbit.
If a single transponder or a complete sat-
ellite fails, it is gone forever. But
most customers have a need for continuity
of service. Fulfillment of this need by
satellite carriers requires that they pro-
vide backup facilities or "protection."

Satellite carriers have responded to
this requirement in various ways. The pur-
pose of this article is to describe RCA
Americom's plan for service protection, to
discuss the relative need for protection
by various classes of customers, and to
describe an alternate plan which might be
adopted.

SATELLITE RELIABILITY

The best form of protection is to min-
imize the need for it. Current communica-
tions satellites have been more reliable
than expected, and future developments
should make them even more so.

A whole series of evolutionary im-
provements is being made in battery systems,
solar arrays, component and circuit designs,
and operating practices. 1In addition, be-
ginning with the launch of SATCOM V in
October 1982, all RCA Americom satellites
will employ solid-state transponders;
these will eliminate the system component
with the greatest potential for unrelia-
bility -- the travelling wave tube and its
high voltage power supply. The cumulative
effect will be a further improvement in
reliability. Communications satellites
launched in the 1980's should be highly
reliable, indeed.

Nevertheless, the consequences of loss
of service are so severe for most custom-~
ers, that the risk of loss is unacceptable,
even though small. These customers should
demand protected service, and their car-
riers should plan their systems to provide
it.
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PROTECTION FOR INDIVIDUAL
TRANSPONDER FAILURE

RCA Americom is planning a "belt and
suspenders" system for protection against
individual transponder failure. This is
illustrated in Figure 1.

PREEMPTIBLE TRANSPONDERS

ACTIVE
TRANSPONDERS

SPARE
TRANSPONDERS

Figure 1

TRANSPONDER PROTECTION PLAN

Each bank of six transponders is pro-
vided with a spare which can be placed in
service to replace any one of the six in
the event of a failure. If two transpond-
ers in a single bank fail, traffic is
restored on one of the preemptible trans~
ponders. This requires, of course, that
any traffic on the preemptible transpond-
er be bumped.

With this arrangement, and given the in-
herent reliability of second generation
satellites, the probability that the car-
rier can offer protected service on 22
transponders during the entire life of the
satellite is extremely high.

PROTECTION FOR SATELLITE FAILURE

Protection for satellite failure re-
quires that sufficient preemptible trans-
ponders be provided in the system so that
traffic on all of the protected transpond-
ers on any failed satellite can be restored.
These can be grouped on a single satellite
or distributed among the satellites in the
system.

A superficial perception might indicate
that the grouped configuration is ineffi-
cient in its use of orbital slots. It



portrays the image of an "in-orbit spare"
floating empty in space occupying a valu-
able orbital slot. But an examination of
these two configurations in Table 1 shows
that the difference in the total number of
preemptible transponders in a five-satel-
lite system is small -- 25 vs 30. Further~
more, as will be seen later, there is a
market need for preemptible service, and
it is expected that the in-orbit spare
will receive considerable utilization.

Table 1

GROUPED PROTECTION CONFIGURATION

Preemptibles Distributed

satellite A B c D E Total
No. of
Transponders
Protected 19 19 19 19 19 95
Preemptible 5 5 5 5 5 25
120
Preemptibles Grouped
Satellite A B o] D E Total
No. of
Tranponders
Protected 22 22 22 22 2 90
Preemptible 2 2 2 2 22 30
120

RCA Americom has chosen the grouped
configuration because customers in two of
its markets, Alascom and the cable TV pro-
gram suppliers, require that all protected
transponders be restored on the same sat-
ellite. In each case there is a large
number of earth stations, all communicating
through transponders from a single satellite
which must continue to communicate with a
single satellite after traffic is restored.

In the event of a satellite failure,
service will not be protected from a second
fajilure until another satellite is launched
and in orbit. In order to minimize this
time interval, RCA Americom plans to con-
struct a ground spare which will be kept
in readiness for launch. In an emergency
situation, it is expected that NASA would
make every effort to expedite an unsched-
uled launch. The expected time for this
would be six months from the date of the
failure.

148

GRADES OF SERVICE

RCA Americom offers three grades of
service for transponder lease: protected,
unprotected and preemptible.

Protected service is restored in the
event of either satellite or transponder
failure.

Unprotected service is not restored
but cannot be preempted to protect other
services.

Preemptible service is not anly not re-
stored but, as its name implies, is sub-
ject to preemption by protected service.

TARIFFED RATES

The rates for these services reflect
their grade with protected service having
the highest rate and preemptible the low-
est. From the carrier's standpoint, the
cost of providing unprotected service in a
multi-satellite system is nearly as high
as the cost of protected service. Hence
the difference in Americom's tariffs for
protected and unprotected service is small.

The rate for a protected transponder
is equal to the basic cost for that trans-
ponder plus a proportionate share of the
net cost of the pre¢dmptible transponders
in the system (the gross cost of these
transponders less any preemptible revenue
received). An examination of Table 1 dis-
closes that the cost of protection will
diminish as the number of satellites in
the system increases. In the five-satel-
lite system shown with preemptible
transponders grouped, 30 preemptible trans-
ponders provide protection to 90 protected
transponders, or a ratio of 1:3. Thus,
each protected transponder need bear only
one-third the net cost of a preemptible
transponder. In a two-satellite system,
on the other hand, this ratio would be
approximately 1:1 and each protected
transponder would have to bear the total
net cost of a preemptible transponder.

SATELLITE SERVICE PROTECTION --
WHO NEEDS IT?

Having described the means and the
cost of satellite service protection, the
key question, "Who needs it?" can be con-
sidered.

A preliminary answer would be, "Ewvery-
body!" One could make a case that commun-
ications is so vital a function that no
one can afford a significant risk of ser-
vice interruption. And for most applica-
tions and customers this is true. There
are, however, important exceptions --
situations where the use of a preemptible



service is reasonable and prudent. These
include the following:
[ Alternate transmission routes are

available.

A customer might lease preemptible
service from two carriers -- or
from a single carrier on separate
satellites. The risk that both
services would be interrupted
would be small.

Or, terrestrial routes might be
available and the only penalty
would be higher costs.

° Non-real time communication.

Communications which are not on
real time, i.e., batch data trans-
mission on TV commercial distri-
bution could, in an emergency, be
handled by mail or other means.

° Cost of service is critical.

There are applications where cost
is so critical to their economic
justification that the lower rates
of preemptible transponders makes
them attractive even with the
added risk. Examples are tele-
conferencing or the start-up per-
iod for an entrepreneurial TV
program service.

In summary, protected service is basic and
will be required by most customers. Never-
theless, there are few specific situations
in which the lower costs of preemptible
service make it an attractive and reason-
able alternative.

ALTERNATE PROTECTION CONFIGURATION

The FCC on December 3, 1980 issued a
satellite decision in which it authorized
the construction of 25 satellites and the
launch of 20. Launch of the remaining
satellites would be authorized when need
was demonstrated. Closely related to the
demonstration of need was the question,
should a valuable orbital slot be devoted
to an in-orbit spare? The Commission
stated that further study of this was re-
quired and established an inquiry for this
purpose.

As noted above, the total number of
preemptible transponders required in a
satellite system is nearly the same, wheth-
er they are grouped on an in-orbit spare or
distributed throughout the system. The
real issue, then, is not whether orbital
slots should be devoted to in-orbit spares
but whether preemptible transponders
should be permitted anywhere in the system

-- whether grouped or distributed.

There is an alternative configuration
that could be adopted which would permit
most of the transponders in a system to be
designated as "protected." In this con-
figuration the in-orbit spare would be in-
active and would be co-located in the same
orbital slot with an active operating
satellite. If any of the satellites in
the system failed, the spare would be
moved to the location of the failed satel-
lite where it would be put into operation.
The time required for this could vary from
a few days to a few weeks, depending on
the distance and the amount of fuel con-
sumed in the movement. This configuration
is given in Table 2.

Table 2

ALTERNATE PROTECTION PLAN

Satellite A B C D &E (spare) Total
No. of
Transponders
Protected 22 22 22 22 88
Preemptible 2 2 2 2 8
96

This configuration reduced the amount
of orbital capacity devoted to preemptible
service, but has serious disadvantages:

° There would be an interruption of
service for customers utilizing a
failed satellite while the spare was
being moved into position.

o Protected service would be more cost-
ly because there would be no revenue
available from the spare to offset a
portion of its cost.

o The supply of preemptible transporders
available for lease would be limited,
probably below the level of demand.

In view of these disadvantages, it is
not believed that this configuration offers
the most effective and efficient use of
the orbital arc.

SUMMARY

RCA Americom's plan for satellite
service protection has been developed as
the result of six years experience in pro-
viding satellite service to a variety



of customers with a wide range of service

requirements.

It has important advantages

which make it near optimum both with res-
pect to customer service and efficiency in
the use of the orbital arc:

For the majority of customers who re-
quire a high degree of service pro-

tection, it provides total restoration

capability for both transponder and
satellite failure.

For customers requiring a lower de-
gree of service protection, it pro-
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vides preemptible service at reduced
rates.

Protection is provided at a reasona-
ble cost, since the cost of the pre-
emptible transponders is shared by
all of the protected transponders in
a five-satellite system.

The use of a five-satellite system
also increases the efficiency of the
use of the orbital arc because of the
sharing of the preemptible trans-
ponders.



THE DESIGN, CONSTRUCTION, COST AND PERFORMANCE
THE FIRST 400 MHz CABLE TELEVISION SYSTEM

GERALD BAHR, JEFF BLOWERS, ED DICE, DAN DOORN

COX CABLE COMMUNICATIONS, INC.

Orland Park, I11inois was the first 400 MHz
system to be designed, built and operated with a
full compliment of 51 phase-locked, harmonically
related coherent carrier television channels.
ljhen completed, the system will have a total of
100 miles of CATV plant, with a maximum cascade of
18 main 1ine amplifiers, one bridger amplifier and
two Tine extenders.

The main line was designed for a spacing of
22 dB at 400 MHz using 3/4" cable for trunk and %"
cable for feeder. This design resulted in a feeder-
to-trunk ratio of 3:1 with 5.5 actives per mile.
The plant design was maximized to withstand the
temperature extremes the system will experience and
because of the then many unanswered questions con-
cerning the performance of a 400 NHz system, every
main line amplifier position was designed for AGC
and ASC operation.

After completing the design, we found the cost
for electronics increased approximately 34%, due
primarily to the higher usage rate per mile. The
cable increased approximately 20% because of the
feeder-to-trunk ratio change from 4:1 at 300 MHz to
3:1 for 400 MHz design. A1l other costs have re-
mained virtually the same, when inflation is
accounted for, resulting in a net increase of 13%.

INTRODUCTION

Over the past year and a half to two years,
there has been considerable rhetoric, industry-wide,
as to whether 400 MHz cable television systems can
be built and operated successfully. First, there
was the issue of the availability of 400 MHz equip-
ment. Then, after equipment deliveries began, the
cry went out that it was a whole new design, that it
was not proven and would not be reliable. We hope
to show: 1) that equipment is readily available;
2) that 400 MHz technology is not a new technology,
such as the move to transistor and integrated cir-
cuits was, but that it is simply an extension of a
proven technology; and 3) that the technology meets
or exceeds expectations concerning distortions and
that it has proven to be very reliable. The issue
of whether or not additional channel capacity is
needed will be left for other discussions.
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CONSTRUCTION

Construction of the first 400 MHz system began
on June 5, 1980. This state-of-the-art system was
designed, constructed and is operated by Cox Cable
Communications, Inc. When construction began,
approximately twenty miles of 400 MHz equipment was
in inventory. Commensurate with plant construction,
installation of the Master Telecommunications
facility with all the towers, TVRO antennas and pro-
cessing equipment began. Since construction of the
office and MTC complex had not commenced, a 10 x 50
foot trailer was brought on sight to house the ten
racks of equipment that were required for a system
of this size. At present, 100% of the aerial plant
is built and approximately one-half of the 60%
underground plant is completed. Rather than equip-
ment, as many had predicted, our major obstacle was
the age-old problem of make ready and right-of-way
clearances.

SYSTEM DESCRIPTION AND DESIGN

On June 30, 1980, the first fully loaded, 400
MHz CATV system was turned on and began serving sub-
scribers in Orland Park, I1linois.

The Master Telecommunications Center (MTC), or
headend, design includes two 4.5-meter dual polar-
ized Andrews satellite TVRO antennas - one receiving
signals from SATCOM I, the other receiving signals
from COMSTAR D-2. Scientific Atlanta 5500 satellite
receivers are used on both antennas. The MTC pro-
cesses 51 channels of television information in a
harmonically related coherent (HRC) format using
Scientific Atlanta 6350 TV modulators and 6150 TV
Drocessors.

The 100-mile cable plant design anticipated and
incorporated the capacity for two-way communications.
However, the upstream amplifier modules were not
installed with the initial construction. The design
of the system specified ComScope PIII+ 3/4" trunk
cable and ComScope PIII+ 1/2" feeder cable.
Scientific Atlanta flodel 6500 trunk amplifiers are
spaced 22 dB apart with a maximum cascade of eighteen
amplifiers, one bridger and two 1ine extenders.

With our design philosophy, the 400 MHz system
yielded a 3:1 feeder-to-trunk ratio with an active
ratio of 5.5 amplifiers per mile.



The system was intentionally overdesigned
because of the many unknown and unanswered
questions regarding 400 MHz. For instance, we
designed the system for AGC and ASC operation at
every trunk amplifier. Because of the superior
performance experienced to date, we have operated
the system with every other amplifier in AGC/ASC
mode and find that the system is still performing
well beyond expectations, even with the severe
temperature variations. The operating Tevels are:
trunk input +11 dBmV, output +33 dBmV; bridger
output +45 dBmV; 1line extender output +43 dBmv,
Lectro automatic standby power supplies are pro-
vided at every power supply location.

COSTS

The design constraints resulting from the new
engineering requirements, with all other factors
remaining the same, produced an overall increase in
system cost of 13% to build a 400 MHz system versus
a 300 ilz system. The design criteria resulted in
an increased cost of approximately 34% in elec-
tronics. Cable cost increased approximately 20%
due to the feeder-to-trunk ratio change, requiring
more trunk cable and more Toop-back design. In
addition to the increase in length, a premium was
being charged for 400 MHz cable, at that time.

This net cost increase of 13% yields a 48.5% in-
crease in channel capacity, so the cost per channel
actually decreases.

PERFORMANCE

On February 16, 1981, Cox Cable Communications,
Inc. and Scientific Atlanta performed a proof of
performance on the system, one line of which con-
sisted of seventeen trunk amplifiers, one termi-
nating bridger and two line extenders. The
following test equipment was used for perform the
measurement:

Wavetek Sweep Gen. Model 1855 S/N 270346
Wavetek Swepp Rec. 1865 270347
Dix Hills Signal Gen. (matrix) 5X16 181
Six Hills Distortion Anl. (matrix) REL2 102
Spectrum Anl. 88548 2002A02611
Wavetek Fraeq. Siqg. Gen 3001 280261
Wavetek Freq. Sig. Gen. 3001 319245
Mid State PSM SAM~1 5126
SA 7dB true tilt NET. T ———
Texscan BFP 75XX-35

Texscan BFP 75XX~-37

Texscan BPP 75XX-38

Texscan BPP 75XX-39

SA Pre Amp SA-1 18 dB qain

A1l tests were performed using accepted NCTA test
measurement procedures. Temperature at the time
of the tests as +20 degrees Fahrenheit. The
following are the results of the tests as compared
to the calculated predictions:
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ch. CTB c/N Cross Mod.
Pred. Meas. Pred. Meas. Pred. Meas.

2 -30.07 =57.35 46.17 47 -52.77 -63.5 dB
E e -57 - 47 - -67.5 dB
12 - -55 od 49 - -67 dB
P hd -56 - 47 e -61 dB
R ot -52 - 48 hd -59 dB
w - -55 hd 47 - -57.5 dB
QQ hd -54 . 46 . . dB

* QQ cross mod was not measured because, at that time, a recsiver

was not available for that channei.

With this comparison, it can be readily seen that
system performance far exceeds the predicted dis-
tortion levels. The overall system response, at
the output of the 17th amplifier, had a peak-to-
valley of 3.32 dB with an almost Gaussian shape
2dB peak near 210 MHz. Discounting this one peak,
the response at the output of this amplifier would
easily be within 1.4 dB peak-to-valley. The first
line extender output exhibited a peak-to-valley of
4,22 dB with the output of the second Tine extender
yielding a 6.4 dB peak-to-valley. At the output
of the first 1ine extender, between 50 MHz and

300 MHz, the response is well within 3 dB peak-to-
valley. This response is not as tight as we would
Tike to see, and we are continuing to work with
Scientific Atlanta to improve the overall response.
The major contributor to the poor response at the
end of the second line extender appears to be the
accumulative effects of roll-off on feed through
Toss exhibited by the directional taps between

300 MHz and 400 MHz.

RELIABILITY

With over 2,000 subscribers now being served
by this 400 MHz system, and increasing at approx-
imately 40 subscribers per day, it is worthy to
note that in the past five months, not one service
call has been attributed to the distribution svstem.
The system has now successfully performed through
summer and winter and has exhibited Tevel stability
of + 3 dB over wide ambient temperature variations.
The only outage experienced thus far occurred when
the system was purposely shut down to allow the
processing equipment to be moved from its temporary
facilities in the trailer to its permanent facilities
in the Cox Cable of Orland Park office complex. It
is certainly note-worthy that, at this time, there
have been no distribution equipment failures of any
type. Our people on site report that this is the
most stable and reliable system that they have
ever worked with.



CONCLUSION

Our experience with 400 MHz systems in
Orland Park, I1linois with over 2,000 sub-
scribers and Jacksonville Teach, Florida with
over 1,000 subscribers gives us great con-
fidence that 400 MHz systems are not something
of the future, but are deliverable, workable
and reliable - today. Judging by the noise
and distortion figures measured, we see no
reason why at least a twenty amplifier cascade

79

could not be designed and operated successfully.
Our confidence in 400 MHz cable TV systems util-
izing 400 MHz technology is evidenced by our
commitment to the following systems, which are
either under construction, or in the design phase:
Michigan City, Indiana; Cranston, Rhode Island;
Great Neck, New York; HRorth Shores, New York;
Maywood, I11inois; Park Forest, Il1linois;
Libertyville, I11inois; Mundelime, I11inois;
Wauconda, I1linois; Grayslake, I11inois;
Omaha, Nebraska; New Orleans, Louisiana.



THE IMPACT OF 3° SPACING
ON CABLE TELEVISION
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ABSTRACT

This paper discusses the impact of 3°
orbital spacing upon satellite distribution

of cable television programming. Included
are preliminary results of:
° Experiments designed to establish an

appropriate protection ratio for ca-
ble video transmissions.

° Calculations indicating expected lev-
els of interference at 3~ spacing.

The conc%usions of these exercises indicate
that a 3 orbital spacing for C-band damest-
ic satellites will not have a deleterious
impact upon program distribution to exist-
ing (4.5 meter) cable earth stations.
Recommendations are made concerning ap-
propriate protection ratios, use of 3
meter antennas and optimum spacecraft de-
ployment schemes.

INTRODUCTION

The Federal Communications Commission,
in December 1980, dramatically set a course
for the domestic satellite business. Its
grants of orbital assignments and launch
authorities provide a framework encourag-
ing the orderly development of our indus-
try. BAmong the issues addressed by the
Commission's order was the recognition
that the geosynchronous orbital arc is a
finite resource that must be used effi-
ciently. One approach to satisfying this
requirement is reduction of spacing be-
tween adjacent C-band satellites from the
present 4° to 39,

This paper examines the impact of such
a reduced spacing upon cable television
distribution via domestic satellites.

ENGINEERING CONSIDERATIONS

The most important measure of picture
quality in a satellite television 1link is
signal-to-noise (S/N) defined as the ratio,
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in dB, of the peak-to-peak picture
(luminance) signal to RMS weighted noise.
Expressed in equation form by:

S/N = C/N + FMI (1)
where
S/N = signal-to-noise ratio
C/N = carrier-to-thermal noise
ratio in the link
FMI = frequency modulation improve-

ment

Typically, cable television systems
operating with current United States do-
mestic satellites realize an S/N on the
order of 50.0 dB at the earth station.
The primary determinants of C/N are the
thermal noise contributions of the up
and downlinks of the satellite system;
however, the video receiver at a cable
earth station is also exposed to the inter-
fering effects of undesired signals which
may simultaneously occupy the same band-
width as the desired carrier (see
Figure 1).

20 Mz

Co-poldrized
Taterfgrer

Wanted
Transgonder

Co-polariced
Interferer

40 Mz

Cross-polarized
Interferer

Cross-polarized
Interferer

Figure 1

Transponder Frequency and Polarization
Plan



These originate from three major sources:

° Internal interference (C/Ijpn¢) within
the satellite caused by noise or sig-
nals in adjacent or cross-polarized
transponders which penetrate into
the desired transponder. The level
of this interference is established
by the skirt selectivity of the trans-
ponder filters and the cross-polari-
zation performance of the earth-
satellite link.

™ Terrestrial interference (C/Iterr)
from microwave systems operating in
the 4 GHz band.

° Adjacent satellite interference

(C/Iadj) from co-frequency signals of
neighbdring satellite systems, the
level of which is.primarily a function
of the receiving antenna's off-axis
discrimination.

Total carrier-to-interference (C/Iyy),
defined as the ratio, in dB, between the
power of the wanted signal and the power
of all interfering signals as measured at
the input to the earth station receiver,
is expressed in equation form as:

(C/Itot) = C/Iint ® C/Iterr ® C/Iadj (2)
where
C/I, = 26 dB for frequency reuse
int
spacecraft
C/It = 25 dB the typical level for
err . :
which frequency coordi-
nation is accomplished
C/Iadj = adjacent satellite inter-

ference

©) = power summation

This paper examines the (C/Iadj) ratio
with 39 spacing and its impact-upon cable
video transmissions.

The next section presents results
of subjective testing accomplished at the
RCA Laboratories for the purpose of es-
tablishing reasonable protection ratios
(minimum required C/Itqot) for cable video
services.

PROTECTION RATIO

An appropriate protection ratio for
cable television services can only be de-
termined via extensive subjective testing.
The unique nature of the color video sig-
nal, and the complex physiological and
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psychological processes involved in human
perception of color images combine to make
the effect of an interfering signal on a
color television transmission analytically
intractable and highly subjective, i.e.,
viewer dependent.

RCA has ongoing programs investigat-
ing the nature and characteristics of
video signals. The most recent efforts
explored subjective judgments of color
video interference effects by groups of
viewers. This involved controlled intro-
duction of various types and levels of
interfering signals as viewers indicated
on data sheets the points associated with:

° Just Perceptible Interference (JPI),
defined as that level in which the
viewer first notices an anomaly in
the picture.

° Just Objectionable Interference (JOI),
defined as that level at which the
viewers will turn off a program they
desire to watch because the picture
is intolerable.

A description of the test conditions
and results follows. Note that data re-
duction efforts are still under way and
the results presented here are prelimi-
nary.

TEST CONDITIONS

Wanted Signals (all with audio sub-carrier
and energy dispersal):

Still slide (red flower on green back-
ground)

(1)

(2) High quality video tape (Rose Bowl

Parade)
(3) EIA Sstandard color bars

Interfering Signals:

Full Transponder:

(1) Full transponder FDM/FM (1872 channels)
(2) EIA Standard magenta field

(3) EIA standard color bars

(4) Off-air scenes
Narrowband:
(1) 56 kbps BPSK

Transmission parameters used for the

wanted signals (all located in the center
of the transponder) were:



Peak

Deviation 1IF BW C/N (daB)
(MHZ) (MHz)
Case I1: 10.8%* 30 11.9
Case II: 10.8* 30 15.9
Case III: 6.7 17.5 19.2
Case IV: 6.7 17.5 25.2

*Presently used for Satcom video
transmissions

Tests were conducted at the RCA
Laboratories in a dark room. All si
were displayed on a 25" RCA XL-100 t
vision set. Viewers were seated 4 -
feet from the screen.

There were ten participants; fi
male and five female. Of the total,
were
pert viewers.

Experimental Results (Preliminary)

Full Transponder Interferers:

Cases
Average Required
C/1 (dB)
I II III
JPI 14.6 15.9 18.6
JOI 5.7 3.9 6.3
Narrowband Interferer:
Cases
Average Required
C/1I (dB)
I II III
JPI 19.5 19.3 21.9
JOI 11.4 7.6 13.1

PRELIMINARY CONCLUSIONS
OF SUBJECTIVE TESTING

. A protection ratio (C/Iiq¢) of
proximately 18.0 dB would be sa
factory for cable television se

° Narrowband signals were found t
the worst interferers requiring
average, the highest protection
ratios. However, the level of

gnals
ele-
6

ve
two

expert and the remainder were inex-

Iv

17.7

v
21.3

11.1

ap-
tis-
rvice.

o be
, on

nar-

rowband signals in operational systems

49

of adjacent satellite interference.

is considerably below the power which
might introduce interference in ad-
jacent satellite transmissions be-
cause such signals operate with
substantial transponder backoffs.

Reduction of the peak deviation from
10.8 MHz in Cases I and II to 6.7
MHz in Cases III and IV resulted in
a greater susceptibility to inter-
fering signals. Pursuing this, we
ran some abbreviated tests using
overdeviation techniques (peak devi-
ation 13.7 MHz) and discovered that
the required C/I for Just Perceptible
Interference was reduced (improved)
by 8.0 dB. Changing Satcom video
transmission parameters to make the
signal more rugged and less suscept-
ible to interference may be appropri-
ate. More experiments are planned
on this point.

Waveform monitors show the effects
of interfering signals well before
(10 dB) the picture does. Protection
ratios predicated upon meeting para-
metric measurements would need to be
considerably higher than the recom-
mended level of 18.0 dB. -

ADJACENT SATELLITE INTERFERENCE

Figure 2 illustrates the mechanisms
8

&=

Downlink Interference

XX 3 Uplink Interference

OO0 O 0O O 0O 0 O

Q' L] g = orbiral spacing
0 = wanted signal
X = interfering signals

Figure 2

Interference Mechanisms

There

are two contributions:

Uplink interference occurs by virtue
of the finite gain of transmitting
antennas in the direction of an ad-
jacent satellite illuminating the
receiving system in the wanted



spacecraft. This energy is then re-
radiated into the receiving earth
station.

) Downlink interference occurs by virtue
of the finite gain of the receiving
earth station in the direction of an
adjacent satellite.

Clearly, a most critical parameter is
the earth station antenna discrimination,
the ratio in dB between maximum gain on
boresight and gain in the direction of
an adjacent spacecraft. Earth station an-
tenna gain decreases monotonically with
increasing angle off boresight (the FCC
requirement is 32-25 log 6, where @ is the
angle off-axis). Thus, greater separation
between satellites implies greater dis-
crimination and concomitantly lower inter-
ference.

There also exists a cross-polari-
zation advantage of approximately 4 - 6 dB
in the off-axis (sidelobe) region of earth
station antennas. This compares to 30 - 40
dB cross-polarization discrimination on-
axis. An antenna oriented to receive a
given transponder from a spacecraft (e.g.
horizontal) will attenuate the energy of
a co-frequency transponder in an adjacent
satellite in accordance with the 32-25
log & characteristic; however, if the co-
frequency transponder is orthogonally
polarized (e.g. vertical) it will encount-
er an additional attenuation of 4 - 6 dB.

Frequency plans of 24-transponder
satellites utilize staggered transponder
center frequencies to minimize internal
interference (see Figure 1).

This ameliorates the interfering
effect of frequency interleaved transpond-
ers in adjacent satellites as well. Ad-
ditional improvement for television
transmission is realized because the bulk
of the energy in a video signal is concen-
trated near the center of the transponder
at the carrier frequency.

EXPECTED INTERFERENCE LEVELS

The expected total C/I ratio for 4.5
meter facilities at 3° satellite spacing
is 17.2 4B (see Table 1). This assumes
no advantage due to cross-polarization
discrimination (XPD) in the sidelobe
region. The subjective testing discussed
previously indicates that this would pro-
vide satisfactory performance for cable
television distribution via satellite.
Thus, the impact of 3°© spacing on 4.5
meter cable systems would be a modest re-
duction in system margins with no

perceptible degradation of the video
signal.

Off-axis cross-polarization discrimi-
nation of cable earth stations offers a
means of recovering lost system margin.
Optimum placement of satellites at 30
spacing would call for spacecraft having
orthogonal polarizations and frequency
interleaved transponders on uplinks and
downlinks to be located adjacent to one
another, i.e., Transponder 10 on one sat-
ellite would be horizontal on the uplink
and vertical on the downlink, whereas in
the adjacent spacecraft Transponder 10
would be vertical on the uplink and hori-
zontal on the downlink. Table 1 shows to-
tal C/I ratios that could be expected as a
function of off-axis XPD for 4.5 meter and
3.0 meter antennas and a beam edge EIRP of
33.0 dBW (provided by RCA Satcom III-R at
131° for all CONUS except southern Texas,
Florida and New England). By way of com-
parison, the predicted C/Ii,, assuming
no XPD advantage for 4.5 meter earth
stations at 49© spacing, is 19.2 dB.
Therefore, while 4.5 meter dishes will
provide satisfactory performance at 3°
spacing, margin can be recovered as a
function of XPD off-axis and it makes a
dramatic impact upon performance with
3 meter antennas.

RCA plans further studies on the sub-
ject of interference to and from video
signals. Of particular interest is an
evaluation of the impact of high-speed
(50 Mbps) services on orbital spacing.

Table 1
BEAM EDGE EIRP
33 dBW

3° satellite Spacing

Cross Polarization

Discrimination 4.5m 3.0m
(off-axis)
C/Iadj C/Itot C/Iadj C/Itot
0 18.8 17.2 14.2 13.6
4 22.3 19.4 18.0 16.7
6 23.8 20.1 19.8 17.9

1. Declaratory Ruling and Order, Federal
Communications Commission, 15 DEC 1976,
Authorization of Receive-Only Small
Earth Station Antennas.
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CONCLUSIONS

Spacing domestic C-band spacecraft at
3° will not degrade cable television
distribution via satellite to 4.5
meter facilities. System margins
will be slightly reduced but overall
performance will be satisfactory.

Cross-polarization discrimination
(XPD) in the sidelobe region of
earth station antennas offers a means
of improving system margins at 3©
spacing. Modest levels of XPD pro-
vide significant improvement in
protection ratios. Optimum orbital
deployment for use of this feature
calls for adjacent satellites to be
completely cross-polarized relative
to one another on both up and down-
links and to be homogeneous, i.e.,
to have approximately the same EIRP.

A

Three-meter antennas will not pro-
vide satisfactory protection ratios
with 3© satellite spacing unless
off-axis discrimination of these
antennas is superior to the FCC mini-
mum of 32-25 log ©.

Revising video transmission para-
meters (overdeviation) offers a
means of reducing susceptibility of
video signals to interference.
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THE LINK BETWEEN THE COMPUTER AND ‘IELEVISION

Ralph E. Grabowski

VISION tec ©

147 Summer Street / Danvers, Massachusetts 01923 617-TT7-1838

Abstract

Much discussion has been focused recently on "the home of the future.
Making the home interactive is a goal of cable television operators to
create new markets and increase cable revenues. Recent advances in
computerized image processing components make such applications possible.

Teleshopping, Demand Electronic Knowledge, Municipal Image Data Bases, and
other apnlications require the creation, storeage and distribution of a vast
quantity of images. They need to be created inexpensively, recalled at
random, and distributed easily over currently installed cable systems.

This paper describes new developments in inexpensive image processging com-
ponents that use standard television and interface directly with inexpensive
minicomputers. The author will present a vidco tape presentation showing
the live creation of a Teleshopping catalog data base, and other applications
along with a description of a home and municipal distribution system suitable
for two-way interaction Demand Electronic Knowledge.

Three apnlications are demonstrated live:

1  SECURITY
2  IMAGE DATA BASE
3  TELESHOPPING

SECURITY on a real-time monitoring basis uses the future capability of
full two-way video cable.

IMAGE DATA BASE and TELESHOPPING are here today with a telephone for inbound
transmission and cable TV for outbound transmission. Although telephone lines
are widely used for vidoetext services at present, cable TV offers an alternate
delivery method. Its advantage is that it is broadband, which allows sophis-
ticated graphics and photographs to be readily transmitted to a terminal screen.

HEAD END DATABASE HOME

telephone up-link /\

1
< cable down-link




Let's focus on TELESHUPPING.

Retailing is a 81 trillion market in the USA now, and direct marketing (catalog
shopping and direct mail) is over a $100 billion market. Yet powerful social,

economic and technical trends will significantly reshape the merchandising mar-
ketplace in the 1980's leading to shonping over home television...TELESIIOPPING:

# over } of the women now work and have less time for shopping.

* the rising cost of gasoline will preclude shopping trips while pre-
selling of name brands will make trips a luxury.

* cable operators are rapidly wiring the majority of American homes and
doing so with excess channel capacity mandated by local franchise
boards anticipating "two-way" services.

* Teletext and Viewdata are already accepted in England and Europe and
are already generating significant retailing revenues. These services
will explode shortly in America.

* the advent of home computers, television sets designed like friendly
appliances, and declining prices of video components will create
consumer demand for the home information network.

But two major problems remain...

1l  FRAME CREATION
2 FRAME DISTRIBUTION

For TELESHOPPING to truly reach it's potential "information providers" must
be able to easily create and edit literally many thousands of frames of
information. European experience with Teletext and Viewdata supports the
conclusion that plain text frames are not read. They have the problem...
"How do you put the Sears Catalog &én?"...and do so in the television media.

A second opportunity for TELESHOPPING is image distribution over cable TV.

Industry experts agree that cable TV operations offer a significant market

advantage to "information providers" with the capability to provide distri-~
bution of full images at high bandwidth. This will be 30 frames per

second with addressable frame grabbers in the home.

The author shows how inexpensive image processing components and minicom-

puters are used in the VISIONtec system to address thest two major
opportunities by providing frame creation and a frame distribution system.
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“"Tieing It All Together"

William Down

LRC Electronics,

How and why of connector usage is re-

viewed along with some pointers as to
the selection of connectors sizes and
types. Testing of connectors for re-
turn loss and center conductor strength
is described, noting some of the pit-
falls that can be encountered in this
testing. The objective of this report
is to enable the reader to "Tie it all
Together¥ and havé a smooth running
cable system,

Without coanectors a cable system
is no more than a lot of Coax Cable and
electronics with nothing to do.

There are many things to be con-
sidered in the selection and applica-
‘tion of aluminum cable connectors, and
I will present some thoughts on the
various applications of these connectors,
These considerations can be divided in-
to two broad classes, mechanical and
electrical, and then these can be fur-
ther subdivided. We will first cover
the many mechanical considerations in
connector selection.

First and seemingly very simple is
the matter of what size connector has to
be selected. I say simple, but it must
be realized that all aluminum cable of
the same size designation (1/2 - 3/4,
etc.) is not created equal, To go back
and review, the impedance of a coaxial
structure is determined by the ratio of
the outer diameter of the inner conduc-
tor, to the inner diameter of the outer
conductor, modified by the dielectric
constant of the material in between.
Since the different manufactures of
cable all have different methods of
"creating" a dielectric in the cable,
there are almost as many variations of
ratios of diameter of cable within any
one size designated as there are cable
manufacturers,

See fig. 1

129

Inc.

€,=Relative
Dielectric
Constant

Yigure |

Thus, much attention has to be paid to
what particular type of cable one is buy-
ing connectors for. Going furthur, make
sure that you are using the connector the
manufacturer recommends for the particul-
ar cable you are using.

This selection must be done without
the user making any assumptions as to
which connector goes on which cable. For
example: just because one connector com-
pany groups cable connector combinations
in a particular way, don't assume that
another connector company does the same,
This doesn't mean one is right and the
other wrong, just that they have chosen
their mean dimension of their connectors
at a different point. 1In a practical
connector design the center conductor
seizure terminal will only reliably close
a finite amount from its full open size,
therefore, the choice of this starting
size will influence the range of center
conductor sizes that can be accommodated
in any one connector size.



The type of connector to be used is
a matter that should be considered early
in the design phase of your system build
or rebuild. By type I mean pin type,
feed through and with some connector
companies,which family of connectors
you want to use, Each type can have
some finite advantage, and disadvan-
tages for the way you may want to use
it.

Feed through connectors have a
major advantage in that they are cheap-
er to buy, but some of the cost can be
used up in the type needed for a long-
er center conductor preparation along
with the increased difficulty removing
equipment (taps, etc.) once they are
installed. Feed through connectors
generally have better electrical spec-
ifications due to their lack of inter-
nal parts. This same lack of parts is
interpreted by some people to mean a
greater reliability, but this point
can be argued to great length, since
the same basic steps must be followed
in installation, the connector is sub-
jected to the same errors as other
types. Feed through connectors may
be used in conjunction with splice
blocks which gives the user some finite
advantages with this type of construc-
tion. 1In the older systems and in par-
tial rebuilds, the splice block may be
used to join two different types of
cable and can even be used to splice
two different sizes should the need
arise.

Splice blocks have the additional
use of allowing maintenance personal
access to the center conductor of the
cable without interrupting service or
opening up a housing simply by remov-
ing the access plug on the splice
block. Most connector companies also
offer a test adaptor that may be screw-
ed into the splice block which then has
a test point for both RF and powering
brought out in a usable mariner, This
test adaptor should only be used as a
trouble shooting tool and not to set
amps or balance the systems. This is
due to the error introduced by making a
"T" connection in the coax structure in-
stead of going through a transformer as
one does in a directional tap. The "“T*"
connection introduces a mismatch of
about 10db at the higher frequencies
which would introduce about 1ldb error
in the through loss.

Feed through connectors in the larg-
er sizes (3/4) require a reducing pin
to be used in many pieces of equipment
due to the inability of the center
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conductor. This reducing pin must be cri-
mped in place with the proper tool in or-
der to achieve the reliability desired.
This is important because this crimp is
the actual means of holding the center
conductor and making good mechanical and
electrical connection.

While on the subject of crimping,
this is a good time to discuss the use of
Nicropress type splices. These fittings
have been around for a good many years
and probably will be around for a good
many more. These fittings are very simple
to use and have very good mechanical and
electrical specifications, the only dis-
advantage is that they require the use of
individual radiation sleeves and this is
distasteful to some.

However, properly installed these
fittings will give service that compares
very favorably with the so called "State
of the Art" fittings.

A second broad classification of con-
nectors generally in use is the Auto seize
variety which .are sometimes referred to
as "seized center conductor" fittings,
both in the entry and splice configuation.
These connectors are the variety that with
some form of internal mechanism close the
center terminal around the cable center
conductor in a manner that seizes or holds
the cable center conductor for good mech-
anical and electrical performance. See
fig. 2

CENTER CONDUCTOR

CLAMP Nu:r-\ ENTRY BARREL

MECHANISM

(ngure 2

The more common configuration of this
type of connector is to have a separate
closing mechanism for the center conductor
and the cable sheath ferrule. These con-
nectors all have radiation sleeves, but
have different internal mechanisms from
manufacturer to manufacturer. As with any
connector it cannot be stressed enough
times to read and follow the suppliers in-
structions for assembly of his connector
on to the cable. In preparation of cable
for auto seize connectors always pay alot
of attention to the center conductor prep
length, remembering "more is not better"
in the length of the center conductor pre-
paration because too long a center



conductor could hold the center term-
inal open or it will not allow the
sheath in thecable to bottom in

the ferrule. Not allowing the cable
sheath to go all the way into the
connector ferrule can produce both
mechanical and electrical problems.
Mechanically, the ferrule does not
have the full gripping surface and
the pull strength of the holding
nut will be reduced by a fair a-
mount. A mismatch in impedance

can be introduced by the radiation
sleeve not being all the way in to
the cable end and allowing cable
with no dielectric around the cen-
ter conductor for too great a len-
gth.

Another style of connector now
being offered .by some manufacturers
combines the action of the center
seizing nut with the action of the
ferrule seizing nut in the same de-
vice, this type of connector is much
simpler to use and because of its
simplicity is rapidly gaining accep-
tance in the industry. With these con-
nectors a pusher that surround the pla-
stic center conductor closing mechan-
ism is driven forward by the cable
ferrule while it is closing around the
coaxial cable sheath, thus gripping
the center conductor with the same
tightening nut. That closes the ferr-
ule on the cable sheath. See fig. 3
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With any seized center conductor con-
nector the user should be concerned with
the "pull strength" specification of both
the center conductor and the sheath grip-~
ping mechanism on the type of cable that
he is going to use.

In fig. 4 a plot of pull strength
vrs, distance is shown as they are run
on a typical connector. Notice the str-
aight leading edge that gradually “rounds
off" near the maximum pull strength of the
connector, then rapidly drops about a
third of the pull, and holds at about
two-thirds of the maximum pull while the
center conductor slides out of the grip-
ping terminal.
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Tt is only necessary to stretch the
center conductor of the cable, beca-
use as it stretches it slides out of
the terminal due to the reduced dia-
meter. The conductor can be gripped
harder, but this only results in a
stress point on the conductor caus-
ing it to break at a lower strength,
with the overall effect of a higher
likelihood of a catastrophic failure.

Notice in the figure presented that
all of the data needed to come to a con-
clusion is presented on the plot. (i.e.:
cable size, type, center conductor seize)
not like some of the information eircula-
ted in our industry which show a plot
but with no accompaning information or
description.

As the system requirements are ex-
panded to a greater number of channels
and services that must be provided,
it becomes necessary to examine the ele-
ctrical requirements of the connectors
used in these systems. These require-
ments, fall into only two categories
that will effect system performance,
insertion loss and return loss.

On the surface it would appear that
measuring either one of these parameters
would be quite simple, however, if one
gives these measurements some thought
it becomes evident that this can be-
come real problems as to test fixtures
methods, etc. "How does one test an
entry connector?" "Easy", one answers.
"Install it in a housing and run your
tests.” This sounds easy and is, if the
test connectors, cable, housing and ter-
minations are all perfect.

But now lets come back to earth and see
what we can do about testing a connector
by itself. 1In order to test a connector
for return loss, the cables, test fix-
tures and termimators must be consider-
ably better than the connector to be test-
ed. To be assured that the test is valid
much pretesting needs to be done, and
methods developed that will minimize the
contributions of the test fixture to the
overall result.

Fig. 5 shows one type of test fixture
that can be used to run return loss mea-~
surements on an entry connector. The fix-
ture is a standard 1/2" Test Connector,
Lumafoam TII Cable, and a special con-
nector bored out to permit the cable to
go all the way thru. The cable adapter
has 5/8-24 female threads and allows the
terminatied cable to go all the way thru
to butt the ends of the cables. Calibra-
tion is then made with no connector in
place. To test entry connectors the cable
must be prepared and the connectors sub-
stituted for the bored out entry. The
center pin of the connector is cut flush
with the 5/8-24 male thread and the speci-
al adapter and termination are screwed
on to complete the test. To test splice
connectors both pieces of cable are pre-
pared and the splire inserted between
them, but in all cases it is possible to
first run the complete test fixture by
itself before adding the connectors to
be tested.

See fig. 6

SPECIAL FIXTURES
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After consgidering the many features
of the connectors offered the final step
in your selection process should defin-
tely included a "hands on" session with
connectors you are considering., With
the instruction sheet in hand go
through step by step the actual install-
ation of a connector on a sample of the
cable you are going to use and pay close
attention to any problems that may arise
such as cable twisted or difficulty of
assembly.

After installation remove the con-
nector from the cable and note the a-
mount of gripping shown on both center
conductor and cable sheath,
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Much information has circulated in
the cable industry as far as the electri-
cal specifications of connectors and as-
sociated equipment with little thought
given to the overall effect on the system
performance, Until the cable industry
has some equipment performance standards,
it is up to the technical staff of the
user to determine practical specifications
for the system that is to be built.



UPSTREAM NOISE AND BIT-ERROR RATE ANALYSIS OF AN OPERATIONAL ONE-WAY
SYSTEM CONVERTED TO TWO-WAY OPERATION

CLAUDE BAGGETT,

COX CABLE COMMUNICATIONS,

INTRODUCTION

A. As an industry, we have spent
many yvears perfecting the art of building
analog RF wideband communications systems.
Although the meaning of the term "wide-
band" takes on a new meaning every few
years, and the technology of RF circuit
design may still be more black art than
science, still we have become fairly com-
fortable with this discipline. Now, how-
ever, we have witnessed the marriage or
perhaps elopement of digital data pro-
cessing with our broadband RF analog cable
systems. What will be the ultimate issue
of this union cannot be fully determined
at this time, however, it can be said that
it is here to stay. Cox Cable has res-
ponded to this stimulus by the development
of its Tandem T-16 based INDAX system.
INDAX, which is an acronym for INteractive
DAta eXchange system, is a versatile,
modularly expandable interactive data
system for subscriber services and is
based upon the multi-processor, fully load-
sharing Tandem T-16 system. Communica-
tions between this central processor and
the user terminals occurs over dedicated
bandwidth on the subscriber cable. The
basic data transmission rate for all INDAX
communications is 28 KBS. This occurs in
two different modes. A number of 28 KBS
channels are set aside for what is essen-
tially one-way common user communications.
In this mode, data items of common
interest, such as sport briefs, stock
market reports, news and the like are
constantly cycled. A subscriber may tap
into one of these 28 KBS channels at any
time without requiring a unigue response
from the INDAX processor. The second mode
of operation is a two-way interactive
process, which once again is implemented
over dedicated bandwidth on the cable.
This service also operates at 28 KBS, but
in a different manner. After extensive
investigation Cox has determined that the
most efficient implementation for this
kind of service is a packetized system
utilizing carrier sense multiple access
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with collision detection, commonly called
CSMA-CD protocol. With this technique,
all communications occur in standard
digital packets in a listen-before-trans-
mit mode. This is the CSMA portion of the
protocol. The CD, or collision detection,
means that the transmitter listens to see
if another transmitter came up at exactly
the same time. If so, a random time is
delayed before attempting to retransmit.
Utilizing this process, the INDAX two-way
interactive system achieves a 70% effi-
ciency.

B. Cox has installed and is now
operating INDAX in a very large test area
in our San Diego system. However, before
this occurred, Cox wished to determine
two very important things. First, what
kind of bit error rate environment would
our INDAX system be working into in San
Diego and what distribution would those
errors take; and second, would the inclu-
sion of digital data and the possible
carrier collision in a CSMA-CD type system
have any adverse effect on adjacent video
channels. From the engineering stand-
point, we felt that San Diego was a good
choice because the system, although well
maintained, is not new and is very typical
for systems of its age, size and construc-
tion. After an initial examination of the
typical spectrum on the plant, we knew
that we would never be accused of testing
INDAX in a pristine laboratory environ-
ment. Not a "worst case" perhaps, but
certainly representative.

With this introduction, let me now
proceed with a description of the test.

TEST STRUCTURE

A. The portion of the INDAX market
area chosen for the test is as shown on
this slide. We arbitrarily designated the
trunk amplifier at this location as the
headend and chose a subscriber point down-
stream through an eleven amplifier cas-

cade. These sites were primarily chosen



for the convenience of the test and obser-
vational personnel. The headend for the
San Carlos area is located atop Cowles
Mountain and requires a 4-wheel drive
vehicle to approach. We were not con-
vinced that our rental cars were adequate
for the climb, nor that we were up to the
attempt. Our choice proved to be good

as there was considerable bouncing back
and forth between each end of the test
sample. The test supervisor was

Mr. Claude Baggett, Manager of Advanced
Systems Engineering for Cox in Atlanta.
The chief test engineer was Mr. Paul
Workman, Chief Engineer for Cox's sub-
sidiary in San Diego. Assisting were

Mr. Gilles Vrignaud of Catel Corporation,
Mr. Mark Dineson of Sytek Corporation,
and Messrs. Bob Celuska and Dan Barton,
technicians from the San Diego system.

B. This slide shows a block diagram
of the test set-up. Note that with fre-
quency translators at both ends of the
test sample we were able to vary the
amplifier cascade in eleven amplifier
increments out to a 44 amp cascade, which
we did. We used Sytek, Inc. Tverter
frequency translators, the new Catel
Prentice FM system FSK modem, and an Amdax
Model 740 Bi-g modem. Test equipment
included the Avantek 2000 Analyzer,

H.P. 141 Spectrum Analyzer, Instrument
Flight Regul. Receiver Corporation, Model
FM/AM-1000A Transceiver, and the Astrocom
Corporation AC-1900 data test set.

TEST PROCEDURE

With this equipment, we were able to
observe the following test factors:

A. Amplifier Cascade, as previously
stated.

B. Data Rate, up to 19.2 KBS.

C. Modulation Scheme.

D. Signal Input Levels from a maximum of

15 dB below video through the error
threshold and below (35 4B down from
video.)

E. Carrier Collision.

At a data transfer rate of 19.2 KBS,
to measure to a 1079 error rate takes a
minimum of 1-1/2 hours per test run.
Since we wanted to make measurements with
two different amplifier cascades, two
different modulation schemes at 4 levels,
a total of 16 tests were required at 1-1/2
hours each. In fact, as we gained exper-
ience with this testing, we found that
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several of these data points were un-
necessary, since the communication scheme
was far more robust than first believed.
As a result of this, only the threshold
areas needed to be investigated for
definition. The tendency of the modems
were to hang on until the signal passed
below sync lockup threshold, then drop
out at once. 1If timing were provided
through an alternate source, data trans-
mission would have been possible to a much
worst S/N.

Based on findings that the maximum
cascade which we were able to achieve
exceeded the minimum requirements for
threshold operation, we proceeded with the
following special tests to get a better
feel for operation of data transmission
with multiple modem technologies.

The modems previously mentioned in-
corporated three methods of modulation.
They were: FSK, FM and Bi-Phase. The
purpose of these special tests were to
determine the effect of collisions with
other data carriers in the cable TV RF
spectrum as well as to determine the im-
pact on the bit error rate during such
collisions. This was accomplished by
using a CW generator and zero beating it
with the data carrier which was trans-
mitted at a level 15 dB down from video
signal reference. The amplitude of the
injected carrier was varied from a level
equal to the transmitter carrier to a
level 12 4B below the transmitted data
carrier with the following findings:

With the data carrier 12 4B greater
than the interfering carrier, there was no
change in the BER, As the interfering
data carrier level was increased, the bit
error rate increased to the point when the
interfering carrier was 7 dB below the
data carrier level at which point the
system totally failed. The results of
comparing this with the three different
modem modulation techniques indicated that
the superior decoding capabilities of the
bi-phase was able to hold a higher bit
error rate than was the FSK or the FM,
however, all three still failed at the
7 dB level.

With regard to spurious signal gene-
ration due to the collision of data
carriers is precisely controlled, all
spurious signals fell within the expected
bandpass of the data channel and were
greater than 60 dB down in adjacent channel
spectrum.



Another question which was quite fre-
quently asked and which we sought an
answer to was whether the bit error rate
would be proportionate to the data rate
on the system. Given the limitations of
the modems we had available to use at the
time of the test, we varied the data rates
from 300 baud to 29 Kbaud, holding other
parameters in the system constant and
found no measurable difference in bit
error rates. While it can be argued that
burst noise impacting higher speed data
rates can affect a higher instantaneous
bit error rate, the statistical average
always came out consistent.

Another test which we accomplished
was to check the bit error rates on the
cable TV system as a function of carrier-
to-noise ratio. This was accomplished by
reducing the output carrier level of the
transmitted modems under test. The
findings are shown on this slide. As you
will notice, at the time of this test, a
consistent knee in the bit error rate
showed up between 27 and 30 dB down from
peak video carrier on the cable TV system.
The sharpness of this knee was dependent
on the method of modulation and de-modu-
lation used in the system with bi-phase
having the sharpest knee.

Since these tests were initially
made, we have proceeded to complete
the design of the overall INDAX system
in its analog and digital forms and have
had additional opportunities to test this
newly designed hardware in the San Diego
system.

Our initial concerns were that a
converted two-way operational system could
be kept free of spurious signals in the
return path. We have since found that
normal good trouble-shooting procedures in
keeping equipment aligned and connectors
tightened has been sufficient to supply a
44 dB carrier-to-noise ratio for the
upstream signal path with approximately
200 miles of plant activated.

The present system in San Diego has
not been modified for bridger switching
nor have the drop cables been replaced for
higher RFI integrity. Based on our
earlier tests, our requirements had called
for a 10-8 bit error rate using a 33 dB
carrier-to-noise ratio as a design para-
meter. It is apparent, based on these
tests and later operational findings, that
this was a conservative design goal.

Several areas of interest have come
out of the testing and development of the
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RF portion of this design. The method of
modulation, modulation index, and pre-modu-
lation requirements that would give a
noise-free narrow band data transmission
system. It has been shown in our tests
that Manchester and bi-phase modulation
coding schemes offer superior data recovery
capabilities. It is not clear at this time
that a data recovery system requires the
complex overhead of these modulation
schemes in order to work effectively. The
use of a pre-modulation filter in FSK and
FM modulation allows for the compression of
the data in the RF spectrum and is shown

to be a very valuable trade-off. It has
not been found that wide band FM adds any
significant performance to the operation

of the data system.

As INDAX and other cable based data
transmission schemes move forward in the
near future, additional data will be
gathered and will help in bringing this
technology into reality.



"VIRTEXT & VIRDATA:
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There are many videotex tests, trials, experiments,
and demonstrations in the U.S. But, to the best

of our knowledge, there is only one commercial
operation based on teletext technology in the U.S.
This enterprise is based on practical, produceable,
cost effective hardware. The results have been
encouraging. Several important new features have
been introduced.

Additionally, a brief discussion of the teletext
activities in Chicago will be included.

INTRODUCTION

Text-on-Video activities in the United States are
accelerating. This is a many-faceted situation
and this paper will concentrate on only a few
aspects. The aspects chosen for emphasis are
those with which I have closest assoclation.
Specifically, I will cover the satellite appli-
cations, and some features of the Chicago venture.

It 1s amusing to note that we see a pattern
emerging which allows us to gauge the progress of
a new technology. The first people to make money
on a new technology are the short-course orga-
nizers. Closely following these are the multi-
client study people. Conferences and newsletters
POP up next. Once the important issues are
defined, the lawyers enter to determine the nature
of the rights to the technology. Of course, the
lawyers make as much money as all the preceding
phases. Finally, the hardware and software produ-
cers become involved. Their problem, of course,
is the classical chicken and egg problem. Hard-
ware sales are hampered by lack of software;
software producers are less than enthusiastic in
the face of a paucity of hardware. In the case of
videotex, one opportunity exists for an ameliora-
tion of the chicken and egg problem because the
chicken and the egg can be relatively inexpensive.
Videotex technology 1s currently in these last

two stages.

VIRTEXT

The first commercial, non-experimental application
of teletext in the United States is the Cabletext
system by Southern Satellite Systems. This fills
a current market need. U.S. cable television
systems presently have what are called "Character
Generator Channels.” Information suppliers

provide data signals over telephone lines to cable
signal origination points. These signals are con-
verted into synthetic video for modulation onto
otherwise blank television channels. The viewer
sees scrolling lines of text. The usual informa-
tion providers are Reuters, United Press Inter-
national, Associated Press, Dow Jones, and others.
This is a current well established practice in the
U.S. cable industry. Another well established
practice is the use of "super stations." A super
station 1s a formerly local television station
which is picked up and distributed nationwide via
satellite to Television Receive Only (IVRO) earth
stations. The first super station was Channel 17,
WIBS-TV of Atlanta, Geargia. Ted Turner was the
spark plug behind this concept and Southern
Satellite Systems, Inc. (SSS) made the technology
work. Now WIBS is received by almost three thou-
sand TVRO stations for use by cable systems.
WGN-TV Channel 9, Chicago, is another super station;
it 1s distributed by United Video Inc. to about one
thousand cable systems.

SSS conceived of the concept of using teletext to
distribute the data via the super station's

Vertical Blanking Interval (VBI) to its subscribers.
This allows the cable systems to avoid leased
telephone line charges. In addition to this
benefit, the SSS system facilitates the entry of
new, smaller information providers. The equipment
used to provide the SSS CableText service is based
on British defined format teletext technology in
general and the Mullard integrated circuits in
particular. An early adaptation of this technology
to North American televislon standards was accom-
plished. The result is a workable, efficient, and
cost effective system. However, it is not precisely
the British proposal for teletext in North America.
It is a precursor of that standard. It is important
to realize that VIRTEXT and VIRDATA seek to build

on a technology which has an economic embodiment
available, i.e., integrated circuits. However,
VIRTEXT and VIRDATA must be incompatible with what
might someday be a consumer service because the
specific application of VIRTEXT and VIRDATA requires
restriction of access to subscribers. Full com-
patibility would permit theft of service. Specifi-
cally, VIRTEXT differs in that the page format is
twenty rows of forty characters instead of twenty-
four rows, none of the enhancements are formally
included, and the method of "gearing" is a prelimi-
nary approach.



GEARING

The hallmark of the defined format teletext system
is the one-to-one relationship between time in the
television signal, location in the page memory, and
spacial position on the television screen. By
simply knowing where an information bit appears in
time in the VBI, its location in memory, and its
position on the television screen are unambiguously
determined.

This procedure has two very important consequences.
First, it 1s a very rugged signaling scheme because
it carefully contains the results of any trans-
mission errors. Errors are simply not allowed to
propagate. The decoder takes advantage of the

most stable part of a television signal, the hori-
zontal synchronization pulse. The second very
important consequence is that the decoder 1s made
less expensive by not requiring the processing of
the signal prior to loading it into memory. A
microcomputer is not needed for decoding the
teletext signal; there is nothing worthwhile for it
to do. The data comes pre-addressed, caryying with
it its memory location. Thus it goes directly into
memory. There it 1s stored for access by the
raster-generating circuits. In essence, the pro-
cessing of the data has been pre-accomplished once,
at the signal origination point. This task is not
wastefully repeated in each decoder.

Gearing 1s the procedure which allows the preser-
vation of a one-to-one relationship between time

in the television signal (as measured relative to
the horizontal synchronization pulse) and the
spacial location of characters on the television
screen. Because the British television channel
bandwidth is significantly larger than the North
American channel bandwidth, a higher signaling bit
rate can be supported. Thus, all forty characters
which are displayed in one row of the teletext page
are transmitted in only one horizontal television
line. The North American bandwidth being smaller
will not allow this. The gearing procedure pro-
vides an ordered method of partitioning the
characters between the television lines. SSS
employs a 30/10 ratio with 5.5 megabit/second data
rate. Thus, the first thirty characters of the
first teletext row are transmitted, then the first
thirty characters of the second row, then the first
thirty characters of the third row. Following this
is the three sets of ten characters which are
needed to fill in the first three rows. This
procedure is repeated until the page is filled.
This takes place so quickly that the viewer does
not notice the details. The page quickly wipes

on to the screen.

The VIRTEXT method of accomplishing gearing is an
effective method using special control characters
which are Hamming protected. The official proposal
for teletext in North America uses an improved
method of gearing which is somewhat more rugged and
efficient in terms of hardware realization. The two
methods work well but are not compatible.
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DATA RATE

The data signaling rate of the VIRTEXT unit can be
changed by replacing a few components. Among the
various possible rates are 4 Mbits/second yielding
a 20/20 gearing ratio and a 5.7272 Mbits/sec rate
yielding a 32/8 gearing ratio.

The Mullard teletext chip set for the U.K. is
employed. Only the timing chip has been modified
for 525 scan lines. External chips are added to
accomplish gearing.

TWENTY-FOUR ROWS

A twenty row display is exceptionally convenient
and suitable for the VIRTEXT application. However,
we are advocates of a twenty-four row display for
the actual videotex services. We have built
several different versions of twenty-four row
display and have found twenty-four rows to be very
practical and economical, both with decoders built
into recelvers and with set-top adapters. These
techniques have been demonstrated to the Electronic
Industries Assoclation (EIA) Teletext Committee.

We believe there is no question that twenty-four
rows are technically achievable, economically
practical and eminentlvy readable when used with
character rounding and intelligently designed
character fonts.

PAGE SELECTION

The user of the VIRTEXT equipment has several
methods of page selection to choose from. This is
because the page selection mechanism is interfaced
with a four bit microcomputer. The usual wired

or wireless remote control key pad is available

as well as a set of thumb wheel switches mounted on
the panel of the unit. Additionally, the unit can
be hard wired to receive only a small number of
pages or the microcomputer can be programmed to
work its way thru a group of pages. The nonsub-
scriber can be precluded from accessing pages.

ORIGINATION EQUIPMENT

A small business computer product, the Zenith Data
Systems Model ZDS-89, has been programmed to create
teletext pages and to organize them into magazines.
This unit plus a small rack-mounted box of elec-
tronics is all that is required to generate tele-
text signals. Software packages are available for
VIRTEXT as well as the proposed British standard.
In fact, this small scale signal source can origi-
nate Antiope, Telidon, or any other signal format.
The unit is small scale, capable of forty-eight
page magazines, and holding seventy pages on a
floppy disk. Two computers could be used to double
this capacity immediately. Other methods of
increasing capacity are under development.

VIRDATA

Because the coding structure and the Mullard chip
set has so much inherent flexibility, we have been
able to add several exciting extensions to VIRTEXT.
And yet, we have hardly begun to exercise its full
flexibility.



The VIRDATA system allows for transparent data
transmission simultaneously with transmission of
teletext. The data can be computer programs,
teletypewriter signals, or other teletext formats
such as Antiope and Telidon, The header row
contains control signals which can be assigned to
direct a microcomputer to handle the data sent in
the rest of the line. This data can then be for-
matted for an RS-232 plug on the back panel of the
unit.

If one line in the vertical interval is permanently
assigned to this function a baud rate of 13,200 can
be supported. More lines can support higher data
rates. Conversely, if lower baud rates are all
that 1is required the VBI line can be time division
multiplexed to simultaneously provide teletext. It
is important to note that this powerful adaptation
1s by no means the most efficient transparent data
transmission mode. It's just one method that is
particularly convenient for implementation with

the integrated circuits as they currently exist.
Since it fulfills the requirements of its appli-
cation with plenty of margin, there 1s no need to
search for the optimum. The "unhook mode" of
British teletext 1s more efficient and does not
require a microcomputer. However, as previously
mentioned, this application seeks to build on but
not be compatible with what might someday be a
consumer product.

An important application of VIRDATA is in situa-
tions where an elaborate set of type fonts is
desired. Here VIRDATA's RS-232 output drives a
commercially available character generator to yield
the type face of choice.

OTHER EXTENSIONS

A second type of RS-232 output is available.
Called page-dump, it allows hard copy printout of
what appears on the teletext screen. Of course
the result is in monochrome. A detailed record of
pages received is possible,

Multipage storage versions allow many pages to be
received at a convenient time for subsequent
display. Time codes associated with the pages
permit them to be called forth and retired at
assigned times.

An important feature assigns each decoder its own
private address. Thus, electronic mail can be
delivered only to the intended decoders. Global
messages can, of course, be sent to all decoders.

The teletext page number is just an annoyance to
viewers on a cable or master antenna system who do
not have a remote control. Thus, an enhanced
version suppresses the header row. Borders of
selectable color replace the black frame of the
original series of decoders.

The fundamental flexibility of digital systems
makes it possible to assign control code sequences
which can be used to cause relay closures. Thus,
a remote control mechanism is established.
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TRUE TELETEXT PQSSIBLE

Since the SSS teletext signal is carried in the VBI
of Channel 17, WTBS, and since no cable system is
known to blank out that signal, VIRTEXT and VIRDATA
decoders can be carried into the cable system for
true teletext performance. That is, the user can
be given personal control of which pages appear

on his screen rather than having to wait for the
page of interest to roll by. This has been tried
in several cases with quite encouraging results.
Both set top adapters and decoders built into
recelvers are possible from components already
available. Only the detalls of assembly and inter-
face are required. It is anticipated that this
will take place later this year.

THE CHICAGO ACTIVITY

While VIRTEXT and VIRDATA are specifically intended
not to be compatible with a broadcast teletext
standard, the WFLD-TV, Channel 32 activity is the
first complete realization of level one of the
British proposal for teletext standards. The WFLD
activity comes under a newly formed subsidiary
called Field Electronic Publishing (FEP). FEP
information comes from the Chicago Sun-Times news-~
paper via telephone computer link. A unique
feature of the FEP activity is the permission to
charge advertisers and to lease receiyers. The
only way to determine willingness to pay is to
provide an opportunity to pay. Anything less is
mere hypothesis. A second unique feature is that
FEP is entirely funded by Field Enterprises. There
are no government (foreign or domestic) funds and
no foundation grants. This makes for a more
rigorous test of the economic viability of the
enterprise.

Again, the four Mullard integrated circuits are the
kernel of the decoder. But this time the inte-
grated circuits which surround the four implement
the official proposal. Twenty-four rows, 5.7272
megabit/second data rate, and the new method of
gearing are employed.

Approximately, one hundred and fifty color
receivers will be involved. These will be twenty-
five inch receivers with the decoder entirely
built in. The picture tube's red, green, and blue
electron guns will be directly driven (RGB drive)
for the sharpest possible images with the most
saturated colors. The television's wireless remote
control key pad will also control the teletext
functions. Since the key pad is interfaced via a
microcomputer, several interesting consumer con-
venience features will be tested. The receiver
includes a special linear phase surface wave
intermediate frequency amplifier, synchronous
detector, and special matching filter for data.

Later, a set-top, antenna terminal decoder is
planned. Also, a cable-head end version which will
allow character generator-like pages to be placed
on blank cable channels will be introduced. This
is similar to our VIRTEXT product, except that
compatibility is desired and use of the signal is



encouraged since the signal is advertiser-
supported.

It is intended that after-hours transmission will
soon go to full field. Only data will be trans~
mitted permitting four to six hundred pages per
second capacity.

As the venture proceeds, levels two thru five of
the British proposal will be implemented. Parallel
attributes by the more efficient ghost row tech-
nique and smoothened mosaics are just some of the
enhancements of level two. Level three includes
Dynamically Redefineable Character Sets (DRCS)
which permit cost effective, high resolution
graphics. Level four features alphageometric
graphics which can be Telidon compatible and level
five boasts alphaphotographic level quality. The
unhook mode for transparent data transmission will
also be implemented.
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WGN-TV Channel 9, the Chicago Tribune-owned VHF
station in Chicago, has experimental transmission
of teletext using the VIRTEXT equipment. This
equipment was chosen for its immediate availability.
It is convertible to the official standard proposal.
Level one conversion is available now.

CONCLUSION

A very practical and broad system of features have
been described which are possible because of the
flexibility and extensibility inherent in the
defined format teletext system. The Mullard
integrated circuit set's implementation of this
system is particularly convenient for realizing
these potentials. The limits of the system have
not yet been found.



WASEC'S NETWORK OPERATIONS CENTER

ANDY SETOS

WARNER AMEX SATELLITE ENTERTAINMENT COMPANY

ABSTRACT

A year and a half ago the newly formed Warner
Amex Satellite Entertainment Company was given a
charter by its parents, Warner Communications, Inc.
and American Express to develop and operate
several national cable television networks. In
order to accamplish this goal plans for distribu-
tion both on the earth and in space were formula-
ted. We describe operational requirements and the
resulting design concepts which led to plans to
construct the WASEC Network Operations Center in
Smithtown, N. Y. NOC will begin operations
12:01 a.m. 8/1/81 to deliver MIV, Music
Television, The Movie Channel, and Nickelodeon.

the summer of 1980 we undertook a search for a
site that would meet our needs realizing that new
program service offerings would be delayed until
a new expanded facility was available. A list of
site selection parameters was developed while

the facility itself was being designed. During
the course of this project the PERT system was
used to insure tasks would be undertaken at a
moment most appropriate to camplete the project
within a minumm amount of time.

STTE SELECTION

To consider a site we used a scoring system
with factors of differing weights.
importance these were:

In order of

_:r..‘. . y

NETWORK

W Warner Amex

Satellite Ent Co.

Proposed Potility Smfthtown , 1. V.
BACKGROUND

Currently WASBEC leases space in Buffalo,
New York for its videotape and cawmmications
equipment. Although operations there are now
satisfactory opportunities for long term expan—
sion are poor and its remoteness fram headquar-
ters is an intantible but sorely felt factor. In

-

OPERATIONS CENTER

frequency coordination
camunity acceptance
available work force
proximity to headquarters
available services

The New York City metropolitan area is a
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most congested cammnications enviromment. Armed
with such tools as natural and man-made shielding
evaluations were made both with camputer and on
site RFI measurements. ATT Long Lines was
invited to the site during the prior coordination
phase so that upon application to the Commission
there would be a minimm of objections. Cammnity
acceptance was a crucial hurdle. As site selec-
tion narrowed commnity officials were briefed
frankly and to the point regarding potential
hazards and benefits of such a facility so that
we would gain an early sense of disposition to our
plans. It was important to have a resident
trained workforce to augment those who accepted
the staff-wide invitation to relocate fram
Buffalo, as we would need fifteen to twenty addi-
tional operators and technicians at Smithtown.
That intangible, proximity to headquarters was
constantly directing our focus nearer to trans-
portation facilities and the city itself. Wwe
also considered the density of high technology
service and supply companies which would make
routine and emergency repairs that much easier.

The difficulty of reconciling the first two
criteria with the last three was great. But a
location in the township of Smithtown, N. Y.
within an industrial park met all our specifica-
tions. Using natural and man-made shielding and
employing a double diffraction model the orbital
arc from 50°W to 150°W was cleared for the entire
C band. WASEC now holds an FCC Construction
Permit for the site. The industrial park has
served as a high frequency cammmnications facili-
ty for over forty years and recently within the
park two 11 meter X band antennas have been erected
for an experimental military satellite program.
These installations made explaining the nature
and implications of our facility to the county
officials that much easier. Zoning variances
were approved on the eve of the hearings. With
respect to available workforce, a ten mile radius
encloses two UHF televisions, several large cable
systems, and three universities each with elabo-
rate teleproduction centers. The site is located
a little over an hour by car fram headquarters via
two main highway arteries and is serviced by the
Iong Island Railroad. Also it is five minutes
fram an airport which can be reached in ten
minutes fram a Manhattan heliport. Within a five
mile radius are several major suppliers of equip-
ment and services needed by such a facility. In
fact, the ground cammnications equipment design
is being supported and will be installed by a firm
within the industrial park, Satellite Transmission
Systems.

DESIGN

Three overall factors quided our design of
NOC, all of equal importance.

Capacity
Quality
Reliability
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WASEC now operates two networks, The Movie
Channel and Nickelodeon. On August lst, MIV,
Music Television will be launched. Several pro-
gram service offerings are in various stages of
development. Our space segment now consists of
four 24 hour assingments on RCA Americom's Cable
Net 1 and one 24 hour assingment on Cable Net 2.
Soon RCA will allocate an additional thirteen 24
hour assingments for activation in January 1982.
Taking these factors into consideration we set-
tled on a building able to house ten sets of
facilities ‘to service any particular network. Each
facility will include highband videotape equipment,
a control room, and cammunications equip-
ment. In addition there will be three communica-
tions antennas; two of eleven meters and one of
seven meters diameter. Wwhile these will serve
the near term long term capacity of the site will
allow the addition of two eleven meter antennas
plus tripling the building size. In all we have
purchased four acres of land and are constructing
a 15,000 sq. ft. building.

The technical quality of our picture and
sound is of major importance. In the hames of
your subscribers premium, basic, distant signals,
and must carry's will all be judged by the same
standard. WASEC intends to be unsurpassed in this
arena. Every piece of equipment has been selected
as an example of state of the art. Evéry moment
of origination will be fram either 1" Type C
format or 2" quadraplex cartridge machines.

There will be a dedicated control roam for screen-
ing all incoming programs so that picture and
sound may be monitored in a darkened and quietf
envirorment. Digitally generated VITS and VIRS
will be continuously available on all networks
for in-use testing, To protect our videotaped
programs fram premature wear the atmosphere with-
in the plant is cleaned with filters used in hos-
pital operating roams and kept to close tempera-
ture and humidity specifications.

Sound shall not be the "forgotten child" of
WASEC's networks. All equipment, including
quadraplex VIR's, backup VIR's, routing switchers,
ard patch fields have been designed for two
channels of sound. The first Dolby A noise
reduction equipment designed to be integral to the
Ampex VPR-2B's will be employed. The sound trans-
mission system for MIV, Music Television will
carry to your subscribers hi-fidelity true stereo
sound doing justice to the most discriminating
audiofile's camponent audio system.

High reliability is maintained by a balance
between personnel and equipment. Not only must
the inevitable equipment failures be taken into
consideration but the work load and envirornment
must be analyzed to ensure technicians will not
be overly burdened with information or tasks,
therefore avoiding potentially error prane
situations.

Elements of the equipment backup system
include:



Prime power diesel electric set for
the entire plant with a four day fuel
supply.

b. Five minute Uninteruptible Power
Supply for all technical equip-
ment to carry load while the
generator starts up.

c. Dual primary power feed fram the
electric utility campany to avoid
outages caused by local power line
interuptions.

2. Campletely redundant Heating,
Ventillating, and Air Condition-
ing System.

3. Each "VIR" is an ensemble consis-
ting of:

1" Type C w/TBC
3/4" w/TBC

Time Code Synchronizing
equipment

Audio Video switch between
the two VIRS

This ensemble will ensure that
programing will not be inter-
upted due to VIR related
difficulties.

4. Isolated backup switching equip-
ment in each control room.

5. Two Hot Standy Exciter/HPA's
under camputer control.

6. Tamporary emergency authoriza-
tion license for transmit on the
seven meter antenna in case of
an 11 meter antenna failure.

All of these steps have been taken to en-

sure that a single point failure will not effect
operations on any network.

Elements of the personnel workload limiters

1. One control roam per service - no
operator will be asked to operate
or monitor more than one network.
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2. Distributed camputer control for
each network using non-keyboard
type panels - during the inevitable
control system failures operators
will have access to program
switchers and VIR machine controls,
rather than having to remember and
type camplex commands on a key-
board.

3. One inch reels will be limited to
1 hour in length so that there will
be a uniform one to one relation-

ship to backup 3/4" recordings.

4. Sound isolation will be used
between VIR and Control Roams so
not to distract operators from
the task at hand.

5. Uniformity of equipment by make and
model so as to speed repairs by
technicians.

FUTURE

This project will not end with the scheduled
launch in August. In addition to providing for
rapid expansion of capacity to distribute program
services which are currently in development at
WASEC, NOC will be used as a tool for technology
developnent in transponder loading in order that
we maximize the quantity, quality, and type of
services we make available to our affiliates
using limited transponder resources of damestic
satellites.
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