
 

 
 
 

THE COMPLETE 
TECHNICAL PAPER PROCEEDINGS 

FROM: 
 
 
 

 
  

 

 
 

 
 
 



A 4.5 KM OPERATIONAL FIBER OPTIC COMMUNICATIONS SYSTEM 

Abstract 

Frederic N. Wilkenloh 
Comm/Scope Company 
Catawba, North Carolina 

A 4.5 km (2.80 miles) operational fiber 
optic communications system has been in
stalled and is currently being utilized 
for commercial telephone traffic. As
pects of fiber optic cable construction 
and manufacturing, cable placement, 
splicing, optical transmission equipment 
and field testing are presented. 

Introduction 

During the past several years, world
wide attention has been increasingly 
focused on developments in fiber optic 
technology and potential usage for tele
communications applications. Laboratory 
and development activity has advanced 
this technology at a rate faster than 
anticipated, resulting in field trial 
and operational systems installations. 

The third such installation by an opera
ting telephone company in the United 
States was recently completed by the 
Central Telephone and Utilities Corpora
tion, Nevada division in Las Vegas, 
Nevada. The increased bandwidth and re
duced repeater requirements, offered by 
optical communications techniques, were 
extremely attractive for an installation 
in an existing operational telecommuni
cations system. 

In December of 1977, the United States 
Independent Telephone Association held 
their annual national convention in Las 
Vegas and Centel, as host for the con
vention, decided to provide and demon
strate optical communications for the 
convention area in the MGM Grand Hotel. 
A non-repeatered T-1 PCM system was 
connected over a fiber optic communica
tions link between the hotel and a 
central office location 4.5 km (2.80 
miles) away, providing courtesy phones 
and a message center to serve the conven
tion. Additionally, news services were 
displayed, slow scan TV was used for 
message posting and a remote computer 
was accessed for inter-active computer 
games over the optical link. 

Dr. Marshall C. Hudson 
Valtec Corporation 
W. Boylston, Massachusetts 
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The entire system was developed and 
manufactured by the Valtec Corporation 
and its subsidiaries, Laser Diode Lab
oratories of Metuchen, New Jersey, and 
Comm/Scope Company of Catawba, North 
Carolina. The engineering staff, instal
lation and splicing crews of Centel pro
vided pre-construction make-ready, 
installation expertise, equipment, and 
personnel. 

Cable Construction 

Utilizing low-loss, graded index fiber 
manufactured by Valtec, a cable design 
was developed and tested which would alJow 
direct placement in underground ducts 
with conventional installation techniques. 

In the center of the cable is a strength 
member of stranded steel insulated with 
polyethylene. Stranded around the 
strength member are six fiber sub-units. 
Each sub-unit contains a single fiber, 
loosely contained in an extruded poly
propylene tube. The polypropylene tubes 
are served with two layers of contra
helically wound Kevlar reinforcing 
fibers with an overall extruded polyure
thane jacket to a diameter of 3.81 mm 
(0.150 inches). Each sub-unit was color 
coded for testing and installation iden
tification. The fiber sub-unit so con
structed proved to be capable of sustain
ing a 227 kg (500 pound) tensional force 
in a guage length of 50.8 em (20 inches) 



around a 5 . 08 e m (2 inch) ma nd r e l with
ou t bre akage or damage to th e glass 
f i be r . 

Strand e d in the out e r interstices of the 
s i x sub - unit s are six AWG 22 (0.64 mm) 
in su l at ed copper wires . The entire 
s trand e d assembly is wrapped with a hel i 
cally applied 0 . 05 mm (0 .002 inch) poly 
ester tape . A vapor barri er of 0 .20 mm 
(0 . 00 8 i n ch ) corrugated a l uminum tape is 
app l ied lon git ud inally with a n over l ap . 
An e t hy l ene a c r y li c aci d coating on the 
outer surface of the a l um i n um tape bond s 
i t tightly to a n ove ra ll ex t r uded outer 
jacket o f b right r ed po l yethylene . Over
all diameter of the comp le ted cable is 
16 .5 mm (0.650 inches) . Th e cable was 
t ested ov e r a 100 met er (328 feet) length 
wit h a for ce of 500 kg ( 1 ,100 po unds) 
withou t sustainin g cable da mag e or fib er 
br eaka ge . 

Fac tory Measurements 

Spectra l a ttenuation and pulse br oaden
ing meas urements were mad e on e ach c o l or
coded fiber sub -unit in each of the six 
cabl es manufactured. Fina l q uality 
control atte nuation measur e me nts were 
made at seven wavelengths on the finish
ed ree led cables. These me asurements 
used a launch numeri ca l aperture of 0.18 
with a measur ement accuracy o f approxi
mat e l y ±0.1 dB/km. RMS pu l s e broadening 
was me asured using a pu l sed 900 nm i n 
j ect i o n laser d i ode with an i nput RMS 
p ul s e width of 0 . 30 n s. Accuracy of the 
RMS pulse broadening me asur emen ts ha s 
bee n dete r mi ned to be ±0 .2 n s . 

Histogram of Fiber AHen11atlon 
Measured Before and After Cabling 
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As shown, there was a s l i gh t c h a nge i n 
a ve r age att e nuation be f o r e and after 
cab ling . A greater c ha nge was observed 
in d i stribution ; possibly due to cab l ing 
losses but als o c ontribut e d to by induc
e d micro -bending loss presen t in buffe r 
e d fiber measur eme nts. 

AVERAGE FI BER CABLE PROPERTIES 

Fiber Diameter 
Core Diamet e r 
At t e nuation (85 0 nm) 
Atten ua tion (90 0 nm ) 
Numerica l Aoertur e 
Pulse Broad~ning ( rms) 

1 2 8 . 9 ± 3-3 mm 
6 8 . 2 ± 4 . 0 mr.1 

5 .11 dB/ km 
I~ . 62 dB/ km 
0 .2 62 ± 0 . 005 
2 . 0 ± 0 . 6 ns/km 
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Th e fiber cable was p l aced in under
g round ducts c onnecting the Sou th 5 
Ce n tra l Office to the MGM Gra nd Hot el. 
Pri o r to t he act ua l cab l e ins ta llati on, 
Ce n te l personne l d eterm ined duct r outing 
c l e ared ducts to be us ed a nd ins talled 
pull ing ropes betwe en man ho le l ocations 
where cable - end spli c ing would occur. 

Convent ional cable hand l ing techniques 
and equipment we re u se d throughout as 
cable reels wer e p o sitioned o n pay-off 
trailers over manhol e l ocations . 
Attachment of the pu l ling rope to the 
cable was made with a " Chinese f inger" 
grip wi t h swi vel. A hea t s hrinkab l e 
boot wa s p l aced ove r the cab l e end 
( under the grip) to pr event wa ter from 
e nt e r ing t he cab l e s ince duc ts were f ar 
fr om dry . The centra l s t e e l strength 
member was wrapped around the end of the 
grip and clamped back o n itself so that 
it co uld take much of the pulling for ce . 
The "Chinese finger " effec t di stribut ed 
the remaining f orces t o the strengthened 
fiber sub-units. 

The cab le was pai d out downward in to the 
ma n ho l e where it was we ll lubricated a s 
i t entered the ducts . At t he p ulling 
end, the cab l e passed a ro und a 61 em 
(24 inch) d i ameter s hea ve which 



translated the horizontal plane of the 
duct to the vertical pull, exiting the 
manhole onto a drum driven by a winch, 
whose clutch was set to slip at a pre
deterEtLned 227 kg (500 pound) force. 
ThrouF;lwut the installation, pulling 
speeds were held to 30.~8 m (100 feet) 
per minute. 

Pullinh forces were measured several 
times during the installation by stopping 
the pull a few feet before the end and 
inserting a dynamometer between pulling 
rope and cable grip. Maximum tension 
was measured at 136 kg (300 pounds) in 
the first section [890 m (2,920 feet)] 
installed between the central office and 
first splice point. In this instance, 
the cable route made a large 90° turn 
followed by a sweeping dogleg. Measured 
tension on the longest pull [1,169 m 
(3,835 feet)] was 102 kg (225 pounds). 

Field Measurements and Cable Splicing 

Field measurements were made on each 
fiber of the installed cable. An LED 
operating at 880 nm was used for these 
measurements and since the fiber was 
butt-coupled to the LED emitting surface, 
full launch aperture was approximated. 
Due to the uncertainty in source and 
detector alignment in the field, and 
instabilities arising from time and 
temperature differences between the long 
length and short reference length 
measurements, field values are accurate 
to approximately ±0.5 dB. Coupled 
optical power was measured over an in
stalled fiber length. The detector was 
then brought back to the source and a 
second measurement was made by breaking 
the fiber approximately l meter from the 
source. The dB difference in the two 
power levels was then calculated. No 
increases in average attenuation were 
observed when compared to factory 
measurements. 

Fiber cable splicing was accomplished 
using a conventional telephone splice 
case (Smith 18" x 6 l/2 11 ) to provide a 
waterproof termination of the cable ends. 
The case was modified internally to 
contain a fiber splice mounting plate 
fixed to the center of the case. Approx
imately 1.5 meter lengths of fiber sub
units were separated and coiled in the 
splice cases to provide for the 
possibility of future measurements and 
re-splicing. 

Fiber splicing was done using simple 
splicing sleeves manufactured by Thomas 
and Betts of Elizabeth, New Jersey. 
These were tiny three alignment-rod 
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splices with a viewing aperture in the 
center. 

Fiber ends were prepared using a cleaving 
tool manufactured by Fujikura Cable of 
Japan to provide the clean cut, perpendi
cular fiber ends necessary. Prepared 
fiber ends to be spliced were inserted 
into the alignment rod splice and proper
ly positioned by observation under a 
microscope. A 0.0005 to 0.001 inch gap 
was left between fiber ends. After the 
fibers were aligned, an index-matching 
epoxy was added through the viewing aper
ture. Then, heat shrinkable tubing was 
installed around the splice. After a 
brief training period, field splicing was 
accomplished by Centel splicing craftsmen 
who had no previous experience with 
optical fiber splicing. 

Splice losses were calculated by compar
ing the power output from the first fiber 
to the splice to the output power of the 
far end of the fiber spliced to the first 
fiber. The total loss so calculated from 
these two power measurements represents 
the sum of the splice loss and the 
attenuation of the appended fiber. 
Therefore, the uncertainty in the measur
ed splice calculations contains both the 
uncertainty of the field measurement and 
the uncertainty of the appended fiber 
attenuation. 

LED 

Field Splice Measurement 
Method 

Source S1 S2 • 0 0 :J-P, 

S1 S2 S3 II, • 0 0 0 

L 53 = 10•1og !.! -II, 
P, 

::J- P, 

....... 
The average loss measured on 15 splices 
was 1.13 dB. Average cumulative loss was 
0.90 dB, calculated after measuring 
system end-to-end loss and subtracting 
measured cable attenuation, giving good 
agreement with average measured loss and 
indicating approximately 1 dB as average 
individual splice loss. 

Average end-to-end loss of the installed, 
spliced cable was 25.5 dB. Since the 
optical transmitter/receiver system was 
capable of accommodating approximately 

6 48 dB end-to-end loss (for a BER of 10- ), 
more than adequate margin was present in 
the system. 



Optical Transmitter/Receiver System 

The injection laser transmitter was de
signed and constructed by Laser Diode 
Laboratories of Metuchen, New Jersey, a 
division of Valtec Corporation. The 
transmitter utilizes an injection laser 
diode, with thermo-electric heater/cooler 
to maintain stud temperature at 25°C. 
(77°F. ). A fiber pigtail is attached and 
protrudes from the rear of the transmitter 
where it is spliced to the cable fiber 
using the previously described fiber 
splicing technique. The splice is then 
housed in a small brass tube and attached 
firmly to the transmitter chassis. 

The optical receiver was designed and 
constructed by Valtec and utilized a 
Texas Instruments avalanche photo detec
tor module. Cable fiber was butted and 
clamped to the surface of the avalanche 
detector unit. 

ll 
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4.2Km 
6 Fiberootic Strands 

Use of an optical transmit and receive 
system required the conversion of bi
polar PCM data at 1.544 Mb/s from the T-1 
channel bank into a unipolar data stream, 
The normal 324 ns bipolar pulse was con
verted into a 50 ns unipolar pulse in 
order to reduce the laser duty cycle and 
increase its expected lifetime from 5,000 
hours cw to 50,000 hours pulsed. Within 
the receiver, the pulses are stretched to 
the 324 ns width and re-converted to bi
polar format, thus recreating the 
original bipolar data stream. 

649ns -

0 
Binary Data 

T-1 Carrier 
BlpolarPCM 
Data Stream 

Unipolar Laser 
Data Stream 

Detected, Stretched 
Unipolar Data 
Stream 

Reconstructed 
Bipolar Data 
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Although a back-up optical transmit/ 
receive system was installed concurrent
ly with the primary system, the primary 
system operated flawlessly and the back
up was used only for demonstration 
purposes. 

Conclusion 

Immediately following the convention, 
the system was removed from the conven
tion center and re-installed in the PBX 
room of the MGM Grand Hotel where it 
currently is in commercial usage, carry
ing 24 channels of voice communications 
to the central office. Testing has 
shown the optical link to be transparent 
by conventional T-1 PCM criteria. For the 
future, the fiber optic cable installa
tion is capable of the higher PCM rates 
required for the DS-3 rates of 44.7 Mb/~ 

A new technology has been successfully 
transferred from laboratory to field, 
and telephone company craftsmen have 
proven their ability to adapt to the new 
technology. 
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A CRYING NEED - TRAINING AND CONTINUINl~ EDUCATION 

Fred E. Furnish, (;eneral Electric Cablevision, Decatur, Illinois 

General Electric Cablevision Corporation 

As our industry expands and the state of 
the art changes radically in so many areas 
we will find it extremely difficult to keep 
abreast of resultant technical and admin
istration advances. Our industry is at a 
crossroads, we have kept up in the past but 
rapidly changing technology will make us as 
obsolete as the vacuum tube if we do not 
respond now. It is hoped that a sharper 
awareness of the need for training and 
further education will be recognized by the 
reader of this paper. The time for our 
industry to react in a positive manner to 
insure that we stay on top of technical 
advances and administrative expertise is 
now. 

The theme of this convention, "Thirty 
Years of Innovation and Service", indicates 
that the cable industry has experienced 
many years of seasoning, however, we are 
st.ill a relatively "young" industry. Our 
status as a young industry is further com
plicated by the rapidly changing technology 
and new innovations. The early technical 
changes from tube equipment to solid state 
now seem insignificant when we consider 
transitions to Local Origination to Pay TV 
and to Earth Stations. While the most in
depth changes have been recognized as tech
nically oriented it has been necessary for 
everyone from the newest installer, to the 
office clerk, to the system manager to ad
just to these changes. 

We have remained flexible and subject 
to changes but we could have benefited from 
a strong nucleus of long time experienced 
people within our systems to help us weather 
the storm of growing pains. In many indus
tries, such as utilities, it is not unusual 
to have employees with 30 and 1~0 years of 
experience who may impart their knowledge 
and training to new employees. The absorp
tion of new employees may be accomplished 
with a minimum of disruption of normal day
to-day activities with such a nucleus of 
experienced Long-term people. However, 
since most of our cable systems employ a 
relatively small number of people and 
usually do not have the backing of long-
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term employees, it appears that we are con
tinually training new people. 

We assign ~any varied responsibilities 
to our Service and Engineering sections. The 
major areas of responsibility are as follows: 

* Head end and distribution instal-
lation and maintenance 

* Safety and OSHA regulations 
* Local Origination equipment 
* Home installations 
* CARS Band microwave 
* Pay TV traps and scrambler and 

descramblers 
* Earth Station installation and 

maintenance 
* Fibre Optics (near future) 
* Customer service and satisfaction 
* Direct supervision and training of 

installers, servicemen and 
technicians 

In the past we have relied upon vendor 
training, isolated seminars and courses, on 
the job training, and a lot of good common 
horse sense to keep up from both a technical 
and administration standpoint. Under the 
circumstances our industry has fared remark
ably well because many good people have put 
forth a lot of time and effort to assure our 
success. 

Along with the day-to-day pressures of 
keeping abreast technically we must also take 
care of the numerous installations, reconnects, 
disconnects, plant maintenance and customer 
service calls. Our training and continuing 
education must be sandwiched in along with 
many other necessary functions. While we 
recognize the need for more training we must 
also keep the store open for business. In 
most cases our key technical people are also 
key people from an administration standpoint, 
so it is vital that their presence be felt on 
a day-to-day basis in their respective system 
by the people reporting to them in order to 
keep effective communications and employee 
discipline intact. We must hit a happy 
medium between necessary training time spent 
away from the system and keeping their r·e
spective responsibilities intact. 

While continued technical training is a 
high priority area, expecially in light of 
rapidly changing technology, there are many 



associated areas of concern that have become 
equally as important. Some of those non
technical areas of concern are as follows: 

Supervision techniques - when an 
employee quits it may very well be the fault 
of a supervisor. It is a continual effort 
to make certain that all employees are 
treated fairly and equally. Employee atti
htdes and reliability have been proven to be 
lacking because of poor supervision in many 
cases. 

Lmployee motivation - is one of our 
bL~gest problem areas or opportunities. 
Techniques for keepinginterest high and 
competition among employees flourishing is 
a very challenging situation especially when 
we consider, once again, that with a rela
tively small number of employees in each 
system the opportunities for advancement may 
be somewhat limited. 

Equal Employment Opportunities and 
new consumer credit laws - are two areas 
that may seem far removed from the technical 
area, but yet the administration of the tech
nical area is very much concerned with these 
two items. 

Crass roots politics - is more impor
tant every day and we just cannot get by 
with letting "George" do it. We must alJ 
get .involved. This represents another change 
in the day-to-day operation of our systems 
which has come about in recent years. We 
cannot wait until we need something from our 
legislators to get acquainted. It is neces
sary to establish and maintain effective 
political relationships on a continuing 
basis. 

All of the aforementioned problem areas 
are further compounded by the fact that a 
large majority of our employees are young 
people looking for their niche in life. 
Many of these people will stay with us and 
become very valuable employees, while others 
are looking only for a stepping stone in this 
game of life. We nmst accept the fact that 
after spending time and money to train a 
person to become productive, the person may 
then move on. 

Despite all of the problems against us 
we continue to survive and grow and prosper. 
With all our shortcomings and areas of need 
our i.ndustry has not suffered loss of growth 
or prestige. Now after 30 years of innova
tion and service we are at a crossroad or a 
threshold point. All of the aforementioned 
areas of concern now have an accunmlativc 
effect. It's almost as if we have a tiger 
by the tail today--with a crying need for 
training and continuing education. 

Training and education sources which 
have been at our disposal must be utilized, 
as in the past, to keep us alerted to tech
nical changes and improvements. We must 
encourage local educational institutions to 
incorporate cable related courses while 
taking advantage of those established courses 
that may be of value to us, such as super
vision and employee motivation. Basic safety 
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and Red Cross instruction is readily avail
able from local facilities. Intercompany 
training must be refined and expanded. Our 
state and national organizations may con
tribute heavily toward our needs. 

At this point our industry must bite the 
bullet and move toward the sophistication o[ 

training and further education for all of our 
people, and certainly for the backbone of our 
industry--our technical people. 



A RELIABLE AND REPRODUCIBLE TECHNIQUE FOR EVALUATING 

THE SHIELDING EFFECTIVENESS OF CATV APPARATUS 

Warren L. Braun, P.E. 

ComSonics®, Inc. 
Harrisonburg, Virginia 

ABSTRACT 

The CATV industry has long needed a re
liable and reproducible technique for 
evaluating the shielding effectiveness 
of CATV apparatus. The author will des
cribe an operational system capable of 
swept frequency integrity measurements 
in excess of 150 dB, over a frequency 
range of 5-300 MHz, which technique does 
not require a screen room. Results of 
data obtained will be presented. 

Long term CATV system shielding integrity 
has recently received substantially in
creased attention due to the FAA/FCC 
inquiry concerning CATV system radiation. 
Strict enforcement of the FCC radiation 
rules, Sub Part K, 76.605, is certain 
and destined to become of increasing 
concern for system operators. 

The additional factors involving security 
of service on certain channels, coupled 
with reverse system signal requirement, 
all demand close attention to the selec
tion of system components which assure 
long term shielding integrity. 

In the face of this requirement, current 
experience with available rf integrity 
measurement methodologies 1,2,3 show 
substantial deficiences such as: 

A) Method difficult to implement. 
B) Measurements available at discrete 

frequencies only. 
C) Measurement data influence by envi

ronmental factors not easily subject 
to control 

The ideal measurement technology permits 

1 - 1973 NCTA Transcripts, "A Study of 
Aluminum Cable Connector Interfaces 
and Their Effect on CATV System RF 
Ingress", Eric Winston. 

2- Transfer impedance method. 

3- Sniffer System. 
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system component integrity measurements on 
an "in situ" environmental condition, and 
further would permit continuous integrity 
evaluation over a frequency spectrum of 
5-300 MHz, with a continuum of measure
ments over the spectrum as opposed to 
spot frequency integrity measurements. 

A major connector manufacturing firm, LRC 
of Horseheads, NY, commissioned the 
author's R & D firm to study the available 
technology and following on, develop mea
surement techniques adequate to fulfill 
all the desired goals. 

ComSonics®, Inc. retained as co-consul
tants, Sachs & Freeman Associates, Inc., 
the eminent EMI specialists of Hyattsville, 
Maryland. After preliminary study it was 
determined that a new field detection 
aperature patterned after the one devel
oped by ComSonics® for near field measure
ment in the Sniffer cable leakage detection 
system would be designed for this task. 

Although the FCC radiation criteria are 
stated in microvolts per meter, this is a 
far (Fraunhofer) field intensity specifi
cation which is a function of the actual 
power coupled from the interior of the 
cable through a shield integrity fault to 
an external radiation element, composed of 
an essentially uncontrolled environment. 
In most cases the statistical nature of 
the effective aperature "A" and its direc
tivity in this external environment pre
clude the precision desired for reproduci
ble leakage measurements. Therefore, such 
measurements should be made in the near 
field, ie.,<<l >-, (the near field or 
Fresnel zone) from the radiation source 
to exclude those variable which are not 
strictly a part of the connector shielding 
effectiveness. 

Several advantages are realized. Since 
this type of measurement is dependent only 
on the magnetic and electrostatic flux 
lines surrounding the sheath of the cable 
at the shielding flaw, the total path loss 
is significantly reduced, substantially 
improving the system's flaw detection cap
ability. By its inherent characteristics, 



a "near field" aperature is physically 
and electrically small4 to a Fraunhofer 
(far field) aperature, significantly re
ducing the interference from external com
munications transmissions such as FM and 
TV broadcast facilities. The resultant 
data is far more reproducible and rele
vant to actual connector's shielding 
efficiency. 

Far field approximations of field inten
sity may then be estimated from the known 
near field flux density. 

Unfortunately, no wide band near field 
aperatures were available to meet this 
measurement requirement, therefore a 
major R & D program was implemented to 
develop such a device. Upon completion 
of this task, the system possessed the 
following capability: 

* Measurement frequency range -
Continuous from 5-300 MHz 

* Shielding integrity sensitivity 
= ::>160 dB 

* Reproducibility variation 
"!:! + 2 dB 

METHODOLOGY AND MEASUREMENT SYSTEM 
DESCRIPTION 

A block diagram of the completed measure
ment system is shown in Fig. 1 comprised 
of (a) transmission equipment and cable 
span distribution, (b) leakage detector 
probe, and (c) reception and signal pro
cessing equipment. The inside lab layout 
is illustrated pictorially in Fig. 2 
through Fig. 4, while the outside cable 
spans and detector probe housing are shown 
in Fig. 5 through Fig. 8. A list of equip
ment utilized is shown in Table 1. 

The system functions in a continuous sweep/ 
reception mode covering a frequency band 
from 5 MHz to 300 MHz. The sweep source 
is provided by a tracking generator whose 
output frequency versus time is locked to 
the swept/tuned reception of the spectrum 
analyzer used as the received signal mea
surement and processing apparatus. This 
allows the precise simultaneous trans
mission and reception of a given frequency 
as the system continuously sweeps the en
tire band from 5-300 MHz. To achieve the 
necessary high signal level injection into 
the cable, the tracking generator output 
level is amplified to a level of 4.5 watts 
of power into the desired cable span under 
test. The high output levels utilized and 
high sensitivity of the receiving equip
ment is close proximity to the R.F. power 
amplifier, necessitated special isolation 

4 
- Compared to a dipole. 
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construction and procedures in the lab 
setup. By example, the 50 ohm coaxial 
interconnection cable from tracking gener
ator to the R.F. power amp assembly enclo
sure had to be run through a section of 
solid copper conduit to adequately isolate 
this cable to avoid regenerative effects 
in the system. This conduit was soldered 
completely around the circumference of 
each connector, thus comprising a solid 
shield for interconnection. The opposite 
end of the pipe was inserted through an 
aperature in the wall of the high power 
transmitting enclosure and also soldered. 
The R.F. amplifier shielding housing was 
constructed of a metal enclosure large 
enough to house the R.F. amplifier, wide
band matching transformer, additional AC 
power line filters, and connection cables. 
Two bulkhead mount feed thru type power 
line filters were mounted in the enclo
sure wall to adequately shield and filter 
the power lines to the R.F. power amp. 
An additional RFI power line filter was 
mounted on the inside of the enclosure to 
provide additional power line RFI filter
ing required to eliminate any externally 
radiated fields. Four bulkhead mounting 
type connectors were mounted in the enclo
sure shield wall to provide the outputs 
to the four transmitting cables feeding 
four cable/connector spans. The cable 
span being used at any time internally 
selected by connecting the R.F. power 
amp output to any one of the bulkhead 
connectors via a jumper cable. These 
construction precautions provided the 
necessary high degree of isolation be
tween transmitting and receiving equip
ment, and precluded the necessity of 
special shielding techniques in the re
ceiving apparatus apart from usual con
struction procedures. 

As stated previously the transmitting 
enclosure provides four outputs to the 
outside cable spans interconnected by 
four sections of 0.5" cable which were 
run through the exterior wall of the 
testing laboratory. The cables are run 
underground through a section of plastic 
conduit, providing a protective jacketing 
for the cables, to one end of each of the 
200' aerial cable spans. Two parallel 
spans were hung on cross arms with a 
horizontal spacing of 4' with the other 
two parallel spans hung 4' below the first 
two. (See Fig. 5) Each of the cable 
spans is identical in construction to the 
other three, consisting of a splice block 
interconnecting the feed cable and the 
0.5" cable/connector section. Each cable 
section between splice blocks measures 
18', with each cable span consisting of 
11 such sections, interconnecting 10 
splice blocks of 2 connectors each. Thus 
each cable span contains 20 connectors 
excluding the first splice block. Each 



cable span is terminated after the 11th 
cable section by an appropriate 75 ohm 
terminator. These construction details 
are illustrated pictorially in Fig. 5 and 
Fig. 8. 

Two receiving cables were mounted under 
the four main cable spans, each extending 
aerially halfway between one end of the 
cable spans and the center, back to the 
center of the span itself. At this mid
point in the cable span the two cables 
meet and are fed through an underground 
plastic conduit returning to an aperature 
in the exterior wall of the testing facil
ity as was done for the four transmitting 
cables. These details are illustrated in 
the block diagram of Fig. 1 and pictor
ially in Fig. 8. 

This construction allows detection probe 
access to the receiving cable point over 
the shortest possible distance from one 
end of the system to the center of the 
spans. Thus, signal reception is 
achieved via the receiving cable located 
under the system portion in which the 
measurements are being made. The two 
receiving cables, A and B, are run inside 
the testing facility in close proximity 
to the receiving equipment, where the 
appropriate interconnection is made via 
a short section of cable. This inter
connects the chosen receiving cable/DC 
power inserterS through a wideband match
ing transformer converting the 75 ohm 
characteristic impedance of the cable 
system to the 50 ohm input impedance of 
a 20 dB low noise wideband post amp. The 
output of this post amplifier is then con
nected to the 50 ohm R.F. input to the 
Tektronix 7Ll2 spectrum analyzer, which 
provides the required signal processing 
and spectrum display. The spectrum ana
lyzer incorporates selectable IF band
width, which is operated in the 300 Hz 
resolution mode providing the lowest sys
tem measurement noise. As the analyzer 
sweeps across the 5-300 MHz band, the 
tracking generator output is simultane
ously produced, and the resulting connec
tor leakage is monitored by the detector 
probes connected to the spectrum analyzer 
and displayed on the analyzer CRT. 

A separate regulated power supply was con
structed to provide +12.5 VDC and +20.0 
VDC supply voltages to the detector probes 
and the 20 dB post amp. This supply in
sures fixed and reliable gain for recep
tion calibration. The probe powering 
supply output is switchable allowing 
power to be interrupted when outside re
ceiving cable disconnection/connection 

5 - Used to feed the DC supply to the ex
ternal detection probe/preamplifier. 
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is being made. 

RF LEAKAGE DETECTION PROBES AND HOUSING 

Connector leakage detection is accom
plished by precise physical placement 
of two near field flux probes located 
in close to the connector under test. 
Fig. 7 illustrates construcion of the 
probe housing and interconnections. 
Circular notches are cut in two sides 
to allow the housing to be hung easily 
on each cable/strand assembly from the 
ground, as illustrated in Fig. 6. Phy
sical location of support bearing and 
lateral mounting of the two probes are 
tightly controlled to facilitate mea
surement of each connector within narrow 
limits of distance to each end of the 
two probe housings. With the spacing 
thus controlled, the housing can then 
be moved along each strand to assure 
that each connector i~ directly under 
the probe at time of measurement. 

Since there are many connectors mounted 
on the same energized cable span, leakage 
from any one connector will be launched 
along the cable sheath, propagating to 
other connector locations, combining with 
leakage measurements being made at a par
ticular connector. The shielding inte
grity of any connector can potentially 
degrade sufficiently over time to cause 
significant signal contributions at other 
connector test locations and thus intro
duce errors which result in false spectral 
signatures in the measurements. It was, 
therefore, necessary to develop a method 
to isolate the leakage of a particular 
splice block from other splice blocks in 
the cable span. It was determined that 
an antenna probe housing was needed pro
viding at least a semi-enclosed, R.F. 
shielded environment for the two leakage 
detection probes. Fig. 6 and 7 pictor
ially illustrate the constructed housing. 
A lightweight metal frame was covered 
with a fine mesh metal screen, which cov
ered the top, back and two side frame 
panels, and is physically connected on 
each side to a multi-layer RFI shielding 
mesh lining the circular support notches. 
This mesh provides an electrical contact 
from the housing to the cable span 
sheath achieving excellent reproduci
bility. In early measurements it was 
also determined that the antenna probe 
circuit ground must be electrically 
referenced to the cable sheath very close 
to the point of radiation. This effec
tively desensitized the probes to radia
tion other than leakage produced by the 
connector under test, and effectively 
eliminates effects of external signals 
induced via the receiving cable sheath. 
Probe referencing connection is provided 
by two stainless steel rods, as illustrated 



in Fig. 7, each connected to one probe 
mounting bracket in such a way as to be 
under tension against the cable sheath or 
splice block as the housing rests on the 
cable at the two support locations. 

One antenna probe operates from 5-100 MHz 
and the other from 100-300 MHz. A com
biner/filter module was constructed to 
connect the two probes to a common output 
cable, while maintining a high degree of 
electrical isolation between the indivi
dual probe outputs. The highband probe 
filter input allows only those signals 
from 100-300 MHz to pass to the common 
output, while the low band input passes 
signals only from 5-100 MHz, thus allow
ing completely independent operation of 
the two probes. DC power for the probe/ 
preamplifier combination is supplied via 
the receiving cable. Both probes are 
small aperature/near field flux/sensing 
devices, arranged to perform their func
tion in an essentially frequency indepen
dent mode. This technology allows the 
discrete analysis of a small radiating 
aperature area, such as a single connec
tor in a splice block. 

The pick-up loop output in connected to 
the input of a low noise MOSFET preamp
lifier stage. This stage provides the 
requisite match for the antenna sections, 
also achieving the low input noise floor 
required for high leakage detection sen
sitivity. A broadband transformer was 
constructed for impedance transformation 
and signal coupling the FET output to the 
75 ohm cable input. This transformer also 
provides DC power connection from the 
probe output port to the preamplifier 
stage. 

SPECTRUM PHOTOGRAPHS INTERPRETATIONS 

Several leakage spectrum photographs are 
labeled here for comparison. Each photo
graph contains necessary quantitative in
formation on the spectrum analyzer cali
bration/display mode settings. The alpha
numeric readout on each photograph indi
cates the signal level vertical display, 
scaling at 10 dB per main horizontal 
graticule division, a full scale (top 
graticule line) reference level of -84 dBm, 
and a bandwidth or resolution setting of 
300 Hz. The lower right hand display of 
~50 MHz indicates a horizontal frequency 
scale calibration of less than 50 MHz per 
division. This is due to the frequency 
scale calibration of 30 MHz per vertical 
graticule division, 06 Hz is on the ex
treme left hand vertical scale line and 
300 MHz is on the extreme right hand ver
tical scale line, displaying the total 

6 - Lowest actual measurement frequency 
is 5 MHZ. 
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spectrum of 0-300 MHz over the entire CRT 
display. Since there are 10 main vetical 
divisions viewing from left to right, 
each division of change equals 30 MHz. 
The exact center of the display then re
presents 5 divisions of 150 MHz. 

As was stated, the full scale or top hori
zontal line indicates a received signal 
strength of -84 dBm or 84 dB below one 
milliwatt at the detector probe antenna 
output terminals. The lowest calibrated 
full scale reference of the spectrum 
analyzer is -60 dBm, measured at the ana
lyzer's input port. The broadband gain 
of the detector probes is 4 dB, and that 
of the preamp immediately preceeding the 
analyzer is 20 dB, for a total of 24 dB 
broadband gain. Therefore, -60 dBm 
-24 dB = -84 dBm true full scale refer
ence level as indicated in the photograph 
display. As stated, each vertical div
sion equals a 10 dB change in signal 
level. The midscale graticule in the 
photographs then represents a -124 dBm 
level. 

The photograph labeled "Noise Floor'' re
presents total receiving system detected 
spectrum with no signal input to the 
cable spans and with the energized detec
tor probe assembly hanging outside on one 
of the cable spans. The display then re
presents total receiving system noise out
put and detected pickup of any remote 
sources of radiation present at the out
side measurement site. Therefore, this 
spectrum representation is defined as the 
measurement system noise floor or lowest 
detectable signal levels possible in the 
measurement system. A reduction in spec
trum analyzer resolution reduces the 
undesired received noise power that would 
mask any desired signal to be displayed. 
The analyzer is, therefore, operated with 
its lowest obtainable bandwidth or reso
lution of 300 Hz as represented on the 
spectrum photographs. The system noise 
floor level, excluding the individual 
carriers present in the display, ranges 
from about -134 dBm out to 150 MHz, to 
about -140 dBm to 300 MHz. The 4.5 watt 
output level maintained into any of the 
cable spans converts to +36.5 dBm, re
sulting then in a total system measure
ment dynamic range of 36.5 + 134 = 170.5 
dB minimum. Thus the receiving apparatus 
can display detected leakage signals at 
the antenna probe head output terminals 
(preceeding the first probe preamp) that 
are 170 dB reduced from the level present 
in the cable span, less any cable losses. 

Referring to the noise floor photograph, 
several individual spectrum lines can be 
seen at levels significantly above that 
of the -134 dBm noise floor. These repre
sent extraneous signals present at the 
measurement site, consisting in part of 



VHF television band channels, FM radio 
broadcast signals, and other business 
communication signals. The two highest 
l e vels seen at 90.7 MHz and 100.7 MHz are 
being received from two local FM broadcast 
stations. 

SUMMARY 

Te st results indicate a reproducible and 
reliable individual component integrity 
measureme nt s y stem, permitting continuous 
evaluation over a frequency spectrum of 
5-300 MHz. Utilizing ne ar field detection 
methodology and isolation properties of 
the developed detection probes housing, 
it is possible to obtain individual com
pone nts spectral signatures in a multi
compone nt system, thus permitting a more 
me aningful and relevant analysis of a 
varie ty of system components on a statis
tic a l basis. This then allows a "typical" 
performance pattern definition on a par
ticular component group, as well as rela
ti ve group comparisons. Test results 
also indicate the capability of more 
a ccurate location of the component leak
age point, thus facilitating accurate 
definitions of integrity failure mecha
nisms. 

Spectrum pattern data obtained for sev
eral different connector types have shown 
easily detectable spectrum signatures of 
non-integral mandrel connectors and a 
variety of integral mandrel types. Cyc
lical pattern variations due to tempera
ture fluctuations, frequency selective 
integrity degradations, and general 
shielding integrity deficiencies over 
certain selective portions of the measure
ment band have been identified as a re
sult of the 5-300 MHz spectrum measure
ment methodology. Such results would 
obviously not be possible from single 
connector, spot frequency measurements. 

This same measurement system methodology 
will be utilized by ComSonics®, Inc. in 
the near future for flexible coaxial 
cable connectors. However, several 
characteristics unique to this type of 
cable require further development for 
successful measurement implementation. 
Shielding effectiveness of flexible cable 
itself is significantly less than the 
measurement system sensitivity. Unless 
the integrity of the connector/cable in
terface is lower than the cable integrity, 
additional isolation techniques will be 
needed for relevant measurements. As for 
hardline connectors, signal levels at a 
particular connector can be influenced by 
degrading connectors at other points in 
the cable span. Present solutions to 
this problem by special detection probe 
housing construction will be difficult to 
implement due to the nonconductive o uter 
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jacket of flexible cable to be used for 
connector point connection. Methodology 
and apparatus developed for hardline con
nector measurements will be expanded fur
ther to provide reliable testing for this 
spe cial case. 

The author wishes to thank Richard Shimp, 
Director of Research and Development, and 
Glen K. Shomo, III, P.E., Assistant 
Director of Research and Development at 
ComSonics®. Both of these engineers 
worked diligently and brilliantly, solv
ing some very difficult, state-of-the-art 
proble ms. 
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FIG. 4 - Power Amp Assembly Enclosure 

FIG. 6 - Detection Housing -
Operational Placement 

FIG. B - Cable/Connectors Construction 

FIG. 5 - Cable Spans Feed Points 

FIG. 7 - Detection Probes & Housing 
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A Time Compression Multiplex System For Multiple Video 
and Data Distribution Using Existing Satellite Channels 

Donald Kirk, Jr. 

Digital Communications, Inc. 

Abstract - A multiplex system is described 
in which sequential segments of two video 
signals are time compressed and interleaved 
in analog form for transmission over a 
satellite transponder. Channel information 
rate and S/N are considered. The Time 
Compression Multiplex approach is extended 
to data plus video and two way video cases. 
A signal enhancement system for S/N im
provement is proposed. 

Introduction Starting with WEST AR I in 
April of 1974, four domestic 

satellites have been placed in geostationary 
orbit to serve miscellaneous customers in 
the continental United States. They make 
a vail able a total of 7 2 transponder channels, 
each of 36 megacycles bandwidth, for trans
mission of various kinds of signals. A number 
of services including multi-channel telephone 
and high rate digital data transmission have 
developed to use these channels. At present, 
one of the fastest growing users of satellite 
channels is the CATV industry with its need 
for color video transmission. 

Because of the high cost of satellite trans
ponder channels it is natural that we should 
question the efficiency with which they are 
used. For multi-channel audio or data the 
efficiency of time bandwidth utilization con
trols the selection of the multiplex method 
chosen to assemble the various signals for 
transmission through a common path. A num
ber of such multiplex systems are described 
in the literature. (1) 

The situation for video transmission is more 
complex. Several systems which can transmit 
two video signals over one trans~onder channel 
are suggested in the literature, ( ) but none of 
them are in widespread use. It is the purpose 
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of this paper to propose another system called 
Time Compression Multiplex which may over
come some of the problems encountered by the 
earlier systems. 

The permissible cost of a multiplex system can 
be examined by considering the case of an 
operator who is currently delivering one 
channel of video via one satellite transponder to 
N earth stations. To deliver a second channel 
he may lease a second transponder and provide 
a second receiver at each earth station. The 
cost per earth station C is then: 

T 
C = R + N , where R is the cost of a receiver 

and T is the present value of a transponder 
channel. A useful multiplex system should 
have a receiving terminal cost of less than C 
which is in the range of $1. 7 x 104 to 
$4.4 x 10 4 as N varies from 300 to 100. 
(Assuming R = 4 x 10 3 and T = 4 x 10 6 ). If a 
value is assigned to spectrum conservation as 
well as to hardware the allowable terminal cost 
would be considerably larger. 

Frequency division multiplex, or Frequency 
Division Multiple Access as it is called in 
Satellite circles, has been widely used for 
transmitting a large number of telephone sig
nals over a single transponder channel. 
Figure 1 is a block diagram showing how this 
technique might be used to carry two video 
channels with one transponder. Unfortunately, 
when two independent signals are passed through 
the satellite channel the average power output 
must be reduced by something of the order of 
6 dB to reduce the intermodulation products to 
acceptable values, In addition, the FM 
deviation must be reduced by about 8 dB be
cause of the reduction in available bandwidth. 
For performance comparable to a single 
channel system with a 15 foot dish, a two 
channel system would require an antenna of over 
50 ft. diameter. 



Other approaches to Frequency Division 
Multiple Access experience the same signal 
to noise ratio problem. For example, let the 
proposal be to use two 6 MHz AM channels 
instead of the 18 MHz FM paths, The noise 
bandwidth of the receiver is now less, but 
there is no FM improvement, and the back-off 
in satellite power must be greater to prevent 
intermodulation problems. 

The intermodulation problems of Frequency 
Division Multiple Access can be eliminated by 
going to some time division system in which the 
two information streams do not use the trans
mission path simultaneously. In order to 
examine the available Time Division Multiplex 
possibilities we need to first establish the data 
rates involved. 

Channel Capacity Conventional sampling of a 
5 MHz video channel and 

use of an eight bit PCM code yields a data rate 
of 80 Megabits I sec. or 160 Megabits for two 
video channels. 

Application of Shannon's Theorem for a band 
limited channel in the presence of white noise 

(1) R = B Log2 (1 + S/N) bits/sec. 

to a satellite down-link of bandwidth 

B = 36 MHz 

and a carrier to noise ratio 

S/N = 12 dB 

yields a limit for the information rate of 

R = 146. 7 Megabits/sec. 

Clearly. two signals requiring a total data rate 
of 160 Mb/s cannot pass through this channel. 

Let us examine the video channel more closely 
to see whether the conventional PCM encoding 
approach was efficient. We know that a useable 
video signal can be passed through a circuit of 
about 4. 2 MHz bandwidth with a delivered signal 
to noise ratio of about 46 dB P-P/rms. Re
ducing this to an rms/rms value of 37 dB and 
using ( 1) again we find that the greatest data 
rate which the video channel can have is 51. 6 
Megabits I sec. 

Two different approaches have been reported 
in the search for a more efficient method for 
encoding a video channel. In one approach the 
video signal is stored and examined at the 
transmitting end of the system. To the 
greatest extent possible, redundancy is re-
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moved from the signal, and what is left is en
coded and transmitted, 

In the second approach alternate frames of each 
video signal are deleted at the transmitting 
terminal and the remaining frames are time 
interleaved for transmission on a common path. 
At the receiving end the incoming data is stored 
and made available to a computer which is pro
grammed to predict what the missing frames 
probably were. 

Using the first system, good picture quality has 
been reported with data rates of 33 to 43 Mega
bits per channel. Two channel operation over a 
single transponder with a 15 ft. receive dish has 
been demonstrated. Some picture degradation 
is reported with the second approach. With 
each of these systems some costly storage and 
computational hardware is required. 

The TCM System If the second system is 
modified somewhat we can 

avoid the necessity for omitting part of the 
incoming data at the transmitting terminal and 
predicting its probable value at the receiver. 
Figure 2 shows an arrangement in which alter
nate blocks of data from a video input, A, are 
stored in two stores A-1 T and A-2T. The same 
treatment is given a second signal, B. The 
stores are read sequentially into a common path 
in the order shown. The reading speed is twice 
the real time writing speed used to record the 
data in the store. Thus, in the common path, 
time is apparently compressed to half its real 
value, and spectral components of the incoming 
signals are doubled in frequency. 

At the receiving terminal the process is re
versed. The signals are read into the stores 
at high speed and read out into separate lines in 
real time. We will call this complete process 
Time Compression Multiplex (TCM). 

To investigate the ability of a satellite channel 
to carry the TCM signal, recall that the signal 
to noise ratio of the FM channel is related to its 
carrier to noise ratio by 

where fj. f is the peak deviation 

fm is the highest modulating frequency 
B is the I F bandwidth and 
T is the de-emphasis time constant 



For our example let fm T = 1. 25; in which case 
the third factor, giving the effect of use of pre 
and de emphasis, is 13. 1 dB. 

Let the deviation and the highest base band fre
quency be related to the bandwidth by Carson's 
rule. 

(3) B = 2(.Af + fm) 

Using (1), (2), and (3) we can plot the informa
tion capacity of an FJVI channel as a function of 
highest modulating frequency. This has been 
done in Figure 3. For the single channel case 
where fm = 4. 2 MHz, we have an excess 
channel capacity of about 17 Megabits. For 
the dual channel case assuming fm of 8, 4 MHz 
the excess channel capacity is about zero. 
(In both cases we are assuming that the re
quired data rate for the analog channel is 51. 6 
Mb/sec. as previously calculated.) 

For S/N >)' l, we may restate Shannon's 
Theorem, ( 1), as 

R 1 B Log2 (siN) 1 and 

R2 B Log2 ( s/N) 2 

By subtraction 

LIR = Log2 r-:S/ND, where R 1 - R 2 =AR. 
B LS/N2 

Then 

4 S/N in dB, 

is the relation between excess channel capacity 
expressed as bit rate and available noise mar
gin expressed as S/N in dB. 

It can be seen that unless the data rate of the 
two channel TCM system can be somehow 
reduced, the system will have no noise perfor
mance margin. 

The previous computation which indicated that a 
video channel could represent a data rate of as 
much as 51.6 lVIb/sec. assumed that all times 
were equally important in the video signal. 
This is not necessarily true. The active por
tion of the video scanning line occupies only 

108 ths of the total time. The remaining 
130 -

B_ ths of the time is used for horizontal 
130 -
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synchronizing signal which has very low infor
mation content, If we can save most of this 
time we can reduce the data stream by 

2 x 51.6 x ~ = 17.5 Megabits/sec. 
130 

Using this reduction in data rate for an 8. 4MHz 
channel in ( 4) indicates that we may be able to 
achieve a 6 dB improvement in Signal to Noise 
Ratio. All of this improvement will not be 
realized in the design of a system because some 
of the available data rate must be assigned to the 
audio channels and to synchronization. 

Application of TCM to Two Video Channels 

Before proceeding to a sample system design 
consider again the block diagram of the TCM 
system in Figure 2. The signals going into the 
storage units are analog in character. Those 
coming out into the common line are also analog; 
but they occupy half as much time, and their 
spectral components are doubled in frequency. 
The stores are not necessarily analog. They 
could be digital shift registers preceeded by an 
A I D converter and followed by a D/ A converter. 
Recently there have become available some 
Charge Coupled Devices (CCD) sometimes 
called "Bucket Brigade Delay Lines" which can 
perform the storage function without the require
ment for the A/D and D/A conversions. In 
these devices an amount of charge proportional 
to the analog input voltage is shifted through the 
cells of the device in response to a clock signal. 
When this charge eventually flows through an 
output resistor it reproduces the analog input 
voltage but delayed in time, By having available 
two clock frequencies one may place a line of 
video in store at one rate and read it out of store 
at a different rate. 

For either the digital or the analog the data is 
acquired by a sampling process, and the time 
between samples can be no greater than the 
Nyquist interval or T = 1/2 fm sec. 

There is no requirement that samples of the 
input signal be taken all the time. During the 
sync interval the value of the signal is known, 
and no samples need to be taken. This reduces 
the total number of samples to be transmitted 
and thus reduces the maximum frequency in the 
common line. 

There is no requirement that the two clock rates 
be related by a 2:1 factor. The clock which 
reads information out of store and into the 



common line is chosen to be fast enough to 
move the required number of samples in the 
available time leaving enough time to insert 
a small data stream containing the two sound 
channels, system sync, etc. 

The common line of Figure 2 corresponds to 
the Earth Station Transmitter - Satellite Trans
ponder - Earth Station Receiver of a satellite 
relay system, In this line, the highest frequen
cy necessarily present would be 

Total number of Samples from 
two video lines + DIGITAL 
Time of one horizontal line 

The digital group representing sync and sound 
channels would be treated as a frequency shift 
keyed signal of either Binary or M'ary type. 

In the common line we need to be concerned 
with the time of transition from one of the 
analog signals to the other. In general, it is 
limitations arising in this transition time 
which have restricted the usefulness of Pulse 
Amplitude Modulation Systems to which the 
TCM system may be compared. Limitations 
in the phase response of the common line can 
cause a sudden amplitude transition to be 
accompanied by a precursor or tail (ringing or 
overshoot). By this mechanism, cross talk 
between channels is created. 

We can avoid half of the problems of this cross 
talk by making the transition from one analog 
signal to the other during the sync interval of 
one of the signals. At the receive end of the 
system, we will generate and reinsert clean 
sync in this channel. Thus the effects of the 
cross talk will be removed. 

In the general case the two video signals will 
have no fixed relation between their sync times. 
Thus, while the above fix works for one master 
channel (to which system sync is keyed), it is of 
no help for the slave channel. For the slave 
channel the problem may be avoided by trans
mission of a small amount of additional infor
mation. 

In Figure 2, let the samples stored in Store 
A-1 T be taken from Channel A video starting 
and ending during A blanking. Then add a few 
samples of B video taken from the B line just 
preceeding the samples used to fill store B-1 T 
from the B line (with a pause in loading during 
B sync time). Load a few extra samples of B 
video after the complete line is loaded. (These 
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samples will be duplicates of the first few 
samples in B-2T). 

When read into the common line there will be no 
channel transition at the time when loading of 
B-1 R or B- 2R starts or stops because the 
common line is carrying B information on both 
sides of these points. Let us make a trial sys
tem design based on a video channel of about 
4. 2 MHz bandwidth and a store which can hold 
455 samples. For NTSC video all of the fre
quencies and intervals are related to a master 
frequency, FM = 14.31818 MHz. The time 

building block is: 

The horizontal line time is 130 T A• and this 
becomes the time in which we must read out 
both video stores plus the digital store. In 
loading the store let this horizontal line time be 
equal to 532 sample times, (Tsi). Then, maxi

mum base band frequency we can handle is 

1 532 532 FM 

fm = 2 Tsi = 2 x 130 TA = 2x7x130 = 4.19 MHz 

The active portion of the video line is lOST A 

long which corresponds to approximately 
442 Tsi . A typical load for an A store would 
then be: 

4 samples of A Blanking level 

442 samples of A active video 
4 samples of A Blanking video 
5 samples of B video for cross talk 

prevention 

455 Total samples 

For the B stores the load would be the same 
except that the 8 samples of blanking would 
come somewhere in the middle of the store, and 
there would be a pause during loading in 
response to B sync. 

When the samples are read out into the common 
line, let us use the following sample assignment: 

455 samples from A-1 T 
455 samples from B-1 T 
32 sample times for Master sync. 
10 sample times for A /B Sync difference 
16 sample times for A audio PCM 
16 sample times forB audio PCM 
16 sample times - Spare at this time 

1, 000 Total sample times 



The sample time into the output common line is 
130 TA 

Tso = 1000 

We can now calculate the maximum base band 
video frequency which must be transmitted over 
the satellite as 

f 1 1000 1000 FM 
m = 2 Tso- 2x130T A = 2x7x130 = 7. 87 MHz 

One may well object to a system design which 
calls for sampling at the Nyquist interval. Note, 
however, that this is an internal problem which 
may be resolved by using a larger number of 
cells in the store. The ratio of the top fre
quency in the video input to the highest 
frequency presented to the satellite transmit-
ter base band is: 

532 
1TIOO 

4. 19 MHz 

7. 87 MHz 

If a store with 910 rather than 455 cells had 
been used this ratio would have stayed the 
same. Sampling rates within the multiplex 
equipment would have doubled and the digital 
samples would have been twice as long in 
terms of sample times but the same length 
in real time. 

The numbers chosen for the example come 
from an attempt to design around an existing 
CCD storage device of 455 cells which may be 
driven at sampling rates as high as 16 Mega
samples/sec. 

Let us compare the noise performance of this 
two channel TCM system with that of a conven
tional single video channel over a satellite 
transponder. The path of interest is the down
link and we will use a carrier to noise ratio of 
12 dB for the TCM system. For the single 
channel system the C /N will be increased to 
12. 8 dB to take into account the fact that a re
ceiver of 30 rather than 36 MHz bandwidth is 
often used in current practice. 

A relationship which is frequently used is 

(5) 
8

p-p = ~ +20 LogAf + 10 Log B-
Nrms N 

- 30 Log fm + 10 Log 6 + EW 

Where the emphasis weighting factor is 13. 1dB 

For the single channel case where 

ll f = 10.5 MHz peak deviation and 

fm = 4. 2 MHz highest base band frequency 
the result is S/N = 50. 2 dB 
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For the two channel TCM system the applicable 
factors are: 

f 10. 13 MHz, 

fm 7. 87 MHz, 

and the result is S/N = 41. 7 dB 

The single channel system would normally trans
mit video with sync having a maximum amplitude 
of 160 IRE units (including maximum color sig
nal). In the TCM system the sync signal would 
be regenerated and added at the receiving end. 
Thus, the maximum P- P value for its video 
would be 140 IRE units. A 1. 2 dB improvement 
in S/N can be realized by taking advantage of 
this. In addition, a portion of the transmitter 
deviation in the single channel case was attri
butable to the sound subcarrier which is not 
needed in the TCM case. If a 1. 5 dB adjustment 
is made for this the result is: 

single channel 
S/N = 50.2 dB 

two channel 
SIN= 44.4 

S/N Enhancement There is an additional step 
which we can take to improve 

the signal to noise ratio of the TCM system. 
Note that before each line of video is read into 
the common output line, the entire line is in 
storage. The maximum peak to peak amplitude 
of the line could have been determined as it was 
written into the store. This information can be 
used to increase the gain of the transmitter 
modulator and reduce the gain of the receiver 
video amplifier by equal amounts for any video 
line having less than the maximum allowable 
amplitude. The result will be no change in sig
nal at the receiver, but the received noise will 
be attenuated. 

This possibility is shown in block diagram form 
in Figure 4. Here the S/N enhancement cir
cuitry has been shown separated from the TCM 
circuit. In this arrangement the incoming vide"o 
signal is alternately stored in one of two stores. 

As a particular line of video is written into 
storage, its peak to peak amplitude is monitored. 
As that line of video is read out of storage the 
results of the monitoring process is used to set 
a digital attenuator such that the amplitude of 
the line will be increased to the maximum which 
can be accepted by the transmitter. A code 
word to tell the receiving end of the system how 
to set its attenuator is inserted in the digital 
portion of the TCM format. 

At the receiving end of the system, the sync 



timing and the instruction code words are re
covered directly from the common line. An 
instruction generated from the code word is 
used to set a digital attenuator to remove the 
results of the extra deviation inserted at the 
transmitter. In doing this, it brings the signal 
back to the proper level and reduces the noise 
power introduced by the satellite link. 

This enhancement process could, of course, be 
used in other applications such as line of sight 
microwave or video tape recording, 

Figure 5 shows one attempt to divide video 
waveforms into categories which could be 
designated with a 4 bit digital word. The 
approach used here was to divide the problem 
into two parts. First, an off-set voltage was 
picked as the average amplitude of the signal 
measured from black level. Two bits were 
used to describe this off- set. Then, the peak 
to peak variation around this off- set was given 
a two bit designation. To use this with the 
signal enhancement circuit described the in
struction generators at the transmitter and 
receiver ends of the system would control both 
a four level current generator and a four level 
digital attenuator. 

The amount of signal to noise improvement 
which can be achieved with this circuit cannot 
be calculated. It must be determined through 
subjective tests. We have no reason to feel 
that a given amount of noise power will have an 
equally degrading effect in a high contrast 
portion of the picture and a portion of little 
contrast. 

The circuit can,of course, remove much more 
noise power from a low contrast picture than 
it can from one with large changes of light level. 
It is interesting to note that for a video stream 
in which the wave forms shown in Figure 5 were 
equiprobable the measured reduction in noise 
provided by the enhancement circuit would be 
5 dB. 

A Video and Data Application The usefulness 
of the TCM 

approach is not limited to the transmission of 
two video programs over one transponder 
channel. In the example discussed, a digital 
stream representing two audio channels was 
interspersed with the two video signals. The 
different signal sources accommodated by a 
Time Compression Multiplex system may have 
greatly differing information rates. The time 
alloted to each source will be approximately 
proportional to its information rate. The 
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system is flexible in that it can use different 
modulation processes to achieve different error 
performances for the various subchannels. 

For example, a low data rate channel requiring 
excellent error performance might be handled as 
Binary Frequency Shift Keying. At some in
crease in error rate and a worthwhile improve
ment in signalling speed a channel could use 
Quaternary or M'ary FSK. For high values of 
M the channel error performance would be 
limited by phase equalization requirements un
less a high correlation exists between adjacent 
symbols thus limiting the ringing or overshoot 
introduced by large transitions in a channel of 
poor equalization, It is the high intersymbol 
correlation of a video signal which allows us to 
increase M without bound and transmit video in 
its analog form on a TCM system. 

To investigate the versatility of the TCM approach 
let us try to design a system which can intermix 
a standard video channel, its companion sound 
channel, and a low data rate digital channel (of 
the order of 105 bits/sec.) 

Make it a further requirement that we be able to 
receive the digital channel with an inexpensive 
Receive Only Earth Station. The cost of an 
earth station for receiving satellite signals is 
determined by its G/T figure of merit. This 
term, usually expressed in dB/°K is simply 

G/T = 10 Log GANT - 10 Log Ts, where 

GANT is the power gain of the receiving antenna 
and Ts is the noise temperature of the system 
determined primarily by the input low noise 
amplifier used (LNA). 

For a typical receive only video terminal using 
a 15ft. dish and a 150°K LNA the G/T rating 
would be 21. 5 dB/°K 

To achieve a low cost receive terminal for our 
low data rate channel we would like to use a 4 ft. 
dish and perhaps a 750-1000°K LNA. For this 
combination the figure of merit would be around 
zero dB/°K. 

Let us assume some system parameters and see 
how they affect the performance which can be 
expected. First assign to the video channel 3/4 
of the available time and allow the remaining 1/4 
for the data channel. This means that in the 
video receiver the top base band frequency ·nil] 
no longer be 7. 87 MHz as it was in the example: 
using two video channels. It will be reduced by 
a factor of 1. 5/1 to 5. 25 MHz. The noise per-



formance of the video channel will be improved 
by 30 Log 1. 5 for reduced base band frequency 
and by 20 Log 12 · 75 for increased possible 

10. 13 
deviation. These combine to predict a S/N of 
51. 6 dB for the single channel with data com
pared to the 44.4 computed for two video 
channels. 

Now let us select Quaternary Phase Shift Keying 
as a modulation method for the data channel. 
Allow a receive bandwidth of Breceive where 

Brec = 0. 75 fdata and fdata is the data rate 
transmitted. Since data is only transmitted 
during 1/4 of the time 

fdata = 4 x 105 Bits/sec. for our assumed 

input data rate of 105 bits/sec. 

The receiver bandwidth is 

B = 0. 75 x 4 x 105 
= 3 x 105 Hz 

Assume that the Quadraphase modulation is 
differentially coherent and that a carrier to 
noise ratio of 14 dB will give adequate error 
performance. We can now compute the re
quired figure of merit for the data service 
ground station. 

Recall that the carrier to noise ratio of a re
ceiving earth station is given by 

c_c 
(6) N- 7 - LD -K + EIRPsAT _ 

- 10 Log B, where 

G/T is the receiving figure of merit 

LD is the total loss in the down link 

K is a constant -228.6 dBW/°K 

EIRPSAT is radiated satellite power, and 

B is the receiver bandwidth. 

For the video link we have been considering 
with B = 36 MHz, we assumed a C/N of 12 dB 
when G/T was 21.5 dB/°K. 

For the same satellite, we can rearrange (6) 
to give the required figure of merit for our data 
channel as 

(7) G/T = C/N- 66 + 10 Log B. 

From this we have 

G/T = 14 - 66 +54. 77 = 2. 8 dB/°K. 

To use a 4 ft. receiving dish, we would need a 
750° K LNA. 
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Figure 6 shows the block diagram of a combina
tion video and data system using TCM. Since 
different types of modulation are proposed for 
the two different kinds of input, the two streams 
are essentially separate until they feed a final 
transmitting amplifier. Both of the streams use 
angle modulation. 

There must be one connection between the two 
streams having to do with timing. It would 
probably be easiest to take system timing from 
the video side. This might cause some buffer
ing problems on the data side which would 
require pulse stuffing to adjust the data rate to 
go with a store switching time set by the video. 

At one receiving site a small dish and a narrow 
band receiver would receive the data signal. A 
number of possibilities exist for recovering 
timing. Recall that the beginning of the data 
stream of interest corresponds to switching off 
a FM signal which was shifted to a frequency 
representing black level of the video and switch
ing on a DQPSK signal centered in the receiver 
pass band. 

This should afford a start toward achieving a 
sync signal. 

There is no particular requirement that the data 
subchannel be located in the center of the trans
ponder passband. The location of a data 
subchannel might well be chosen to avoid inter
fere::lce from a similar channel on the same 
transponder channel of an adjacent satellite. 

At a second location a larger dish and a wide 
band receiver are used to recover the video 
traffic. Analog stores spread this time com
pressed signal and deliver it at a real time rate 
to the output line. 

Two Way Application In the previous example, 
the actual interleaving of 

the signals took place when they were in radio 
frequency form on their way to a transmitter. 
The signals were actually separated in the 
radiation downlink from the satellite. By an 
extension of this idea we can use TCM to achieve 
two way video communication via one satellite 
channel. 

There are two sets of timing requirements. The 
first stems from the fact that the two signals are 
completely independent in timing. The other 
from the fact that the transmission paths via the 
satellite are not fixed in length. To solve both 
of these, we start by nominating one video 



source as master and the other as slave. As 
shown in Figure 7, we locate a receiving 
ground station at the slave (B) location. At the 
master station, we transmit time compressed 
bursts of A video starting and stopping during 
blanking interval. Station A 1s transmission 
must have with it a digital group for audio and 
sync purposes. 

At station B, we receive A's transmission and 
compute when B's transmitted burst would have 
to occur to fit on an interleaved basis. A time 
guard band must be provided to accommodate 
motion of the satellite relative to the two ground 
stations. We have two options to make provi
sions for B's commutating switch. A time base 
corrector can be used to GenLock B video to 
A video. It does this by storing a video frame 
and adding or deleting a blank line during the 
vertical interval as necessary to accommodate 
absolute differences in sync frequency. This 
is an expensive device, and it may be pre
ferred to simply increase slightly the time 
guard band allowed and transmit extra B 
samples to avoid crosstalk from the commu
tating switch. The total guard band time 
allowed must take into account the fact that the 
time delay introduced in the transmissions 
from both stations is not constant. The 
satellite may be moving toward station A and 
away from station B. In this case the trans
mission from A will appear to arrive too early 
and that from B, too late. The time guard 
band must be large enough to prevent the last 
part of a B transmission from overlapping the 
start of an A transmission. This requirement 
is relatively easy to meet. A more severe 
requirement is that between one transmission 
burst and the next, the distance should not 
change enough from either station to alter the 
phase of the recovered color subcarrier more 
than some acceptable amount, 

The distance from an earth station to a satellite 
of relative longitude L and latitude H is about 

r= 26500 (1-0. 295 CosH Cos L} 112 . 

If the satellite is at H = 30°, L = 50°, and it 
changes station by 0. 1°, its distance will 
change by about 7. 5 miles. For a satellite 
which keeps station to~ 0. 1° , the worst case 
change of range will be 15 miles and the 
change in difference of distance from two earth 
stations will be about 5 miles. Thus, the worst 
case change in loop delay is 160 microseconds, 
and for difference in delay, the change is 27 
microseconds. If the satellite drifts through its 
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extreme positions in a one hour period, the rate 
of change of loop delay is 4. 4 x 10- 8 sec I sec. 
and the rate of change of delay difference is 
7. 5 x 10- 9 sec/sec. 

The rate of change of loop delay controls our 
ability to achieve proper color synchronization 
by sending a burst of color carrier once per 
field. With the rate of change of delay computed 
above, the color carrier would shift in phase by 
about 1° in 1/60 sec. 

The rate of change in delay difference controls 
how much the time guard band between two inter
leaved transmissions can change in the time re
quired to send a signal up to the satellite and get 
a reply back. This time is about 0. 28 seconds, 
and in that time the delay difference could have 
changed by about two nanoseconds for the 
example given, 

Conclusions The Time Compression Multiplex 
System described here is in a 

developmental status. A number of possible 
configurations must be built and tested before 
its full potential will be known. Subjective tests 
of picture quality in the laboratory and trans
mission tests over satellite paths must both be 
made before system parameters can be finalized. 
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AGC/ASC DESIGN 

Bert Arnold 

RCA/Community Television Systems 
North Hollywood, California 

Abstract 

A unique AGC/ASC design which is capable of being 
cascaded in every amplifier in a CATV system without the 
problems associated with conventional AGC/ASC design 
is discussed. A conventional AGC/ASC design is com
pared to the new design by use of block diagrams and 
each function of the AGC/ASC is discussed. Finally, 
the measured results of the cascade performance is given. 

Introduction 

CATV systems require automatic gain and slope controls 
to compensate for cable changes due to temperature 
variations. The AGC in an amplifier samples the level 
of a reference carrier and corrects the gain of the ampli
fier to compensate for any level change. Over the past 
years, the cable industry has switched from using CW 
carriers for these reference carriers, to video modulated 
carriers and back again. There are some problems that 
can be encountered by using cascaded AGC/ASC's, 
which have caused this indecision on the use of CW or 
modulated pilot carriers and also whether AGC/ASC 
should be used in every position, every other, or every 
third position. 

This paper discusses some of these problems associated 
with cascaded AGC/ASC's and presents an AGC/ASC 
design which overcomes these problems. 

RF 
Gain Slope 

AGC/ASC 

A conventional AGC/ASC design used in the cable 
industry is shown in Figure 1. The RF signal is sampled 
at the output of the RF amplifier by a directional coupler 
and filtered by a bandpass filter. lhe RF signal is then 
amplified, detected, and compared to a DC reference 
voltage to provide a correction voltage to the voltage 
controlled attenuator. A low pass filter after the DC 
amplifier filters any low frequency components which 
might modulate the control voltage. The low pass filter 
is usually a single pole filter (one capacitor to ground) 
to ensure stability of the AGC loop. If a CW pilot 
carrier is used, the HI ter capacitor does not have to be 
very large as long as the pilot filter on the input of the 
AGC is sharp enough to reject the adjacent channels. If 
modulated pilot carriers are used, the filter capacitor 
must be large enough to reject the low frequency com
ponents that are present in the modulated video (transfer 
modulation) of the pilot carrier or adjacent channels. 
Increasing this filter capacitor causes the time constant 
of the AGC/ASC loop to increase. This large time 
constant makes the system AGC difficult to set up and 
results in a long settling time for the system Following 
a transient in this pilot signal or an adjustment of the 
AGC controls. In order to overcome this problem, 
systems using this conventibnal type of AGC/ ASC will 
compromise by minimizing the number of AGC/ASC's, 
placing them in every other, or every third trunk station. 

RF 
Amp DC 

FIGURE 1 
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A cost savings is also claimed for this type of system 
using a minimum number of AGC/ASC's. The opposite 
is true in cases where the temperature change is large. 
In order ta achieve the same performance with AGC/ 
ASC in every amplifier, the system with AGC/ASC in 
every other position would have to operate at a lower 
level ta allow for the variations due ta temperarure in 
the non-AGC amplifiers The lower output level would 
result in more amplifiers per mile at a total system cost 
exceeding the cost differential between AGC/ASC in 
every trunk station versus every other station. 

RCA-AGC/ ASC 

RCA has designed an AGC/ASC which minimizes cascade 
instability resulting from a long time constant and 
minimizes the transfer modulation resulting from low 
frequency components of the video modulation. This 
design allows for maximum utilization of AGC/ASC's 
in a system for maximum performance. A block diagram 
is given in Figure 2 of the RCA-AGC/ ASC. 

RCA's AGC/ASC is designed using video detection 
techniques which eliminate the need for the large filter 
capacitor in the low pass filter. This design allows for a 
relatively fast time constant, excellent filtering for 
adjacent channel rejection and provides a high detector 
voltage for stability. The following is an explanation of 
the block diagram in Figure 2: 

Hybrid Amplifiers A 1 and A2 -

The hybrid amplifiers are wideband RF gain blocks within 
the CATV amplifier. 

Gain and Slope Controls -

The signal, after being amplified by hybrid NAt, passes 
through a gain and slope control. These controls are a 
voltage controlled attenuator and variable equalizer, 
respectively. The AGC/ASC provides the required 
voltage for controlling the gain and slope of the ampli
fier. 

RF 
# Al Gain Slope 

Directional Coupler -

A high value directional coupler samples the level of a 
reference carrier at the output of the second hybrid 
module. A high value (15 dB) DC is used to minimize 
insertion loss in the output of the amplifier and to isolate 
the AGC/ASC from the main trunk line. 

Attenuatar -

The sampled signal is then passed through an attenuator. 
With normal signal levels in a system, this attenuator is 
not used. The purpose of the attenuator is ta provide a 
wide dynamic range ta the AGC/ASC for special appli
cations. If the amp! i fier should be used as a transporta
tion trunk, carrying a few channels, the levels in the 
trunk could be raised to improve the carrier-to-noise 
ratio. The sampled signal to the AGC/ASC may then be 
reduced by the input AGC/ ASC attenuator for proper 
operation. 

Buffer Amplifier -

The sampled signal is amplified by a wideband RF ampli
fier, This amplifier provides a portion of the required 
loop gain while increasing the isolation between the 
AGC/ASC filters and the main trunk line. 

Pilot Filters- No. 1 and No.2-

The pilot filters select the pilot frequencies that will be 
processed to control the gain and slope of the amp I ifier, 

RF Amplifier -

The pilot signals are further amplified by a wideband 
amplifier before a second set of pilot filters separate the 
gain and slope frequencies into separate paths. From this 
point, the AGC and ASC circuits are almost identical, 
so this description will be of the lower AGC circuit in 
the schematic. 

FIGURE 2 
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Video Detector -

If the pilot signal is a CW signal, the output of the video 
detector will be a DC voltage that is proportional to the 
amplitude of the RF signal. If the pilot signal is a modu
lated television channel, the video detector output will 
be a sync-positive video signal with the DC level of the 
sync-tips proportional to the level of the RF signal. 

Video Filter-

The video filter limits the video bandwidth and filters out 
any RF components. Filtering in the video domain mini
mizes the effects of adjacent channels on the pi lot 
channels with a relatively small filter capacitor. As a 
result, excellent filtering is provided with greatly 
increasing the time constant of the AGC loop. 

Gain Adj-

The "Gain Adj" selects the required video level to pro
duce the module AGC output voltage that is required by 
the trunk module. 

Video Amplifier-

The video signal is amplified by an integrated circuit 
video amplifier to provide a high voltage ( 6 volts) to 
drive the following peak detector. By amplifying the 
AGC signal in the video domain, a more stable ampli
Fier relative to RF gain, can be achieved. The high 
voltage driving the peak detector assures that the detec
tor diode is operating in the most linear and stuble 
region, and the amplified sync-tips minimize the effect 
of the video information on the AGC loop. 

Peak Detector -

The peak detector detects the peak of the video signal, 
or the sync-tips, in the case where the pilot frequency 
is modulated. It passes the DC signal resulting from a 
CW pilot frequency. 

DC Amplifier-

The detected signal is then compared to a reference 
voltage and amp I ified. 

Low Pass Filter -

With the filtering and processing done on the video, the 
requirement for a large filter capacitor to filter the 
modulated signal is not necessary. A nominal amount 
of filtering is used to attenuate any frequency components 
above the DC control voltage. The resulting DC control 
voltage drives the gain control to correct for any level 
change in the system. 
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Cascade Performance 

A cascade of RCA Model 151 Amplifiers was tested to 
verify the stability and practicality of using AGC/ASC 
in every amplifier position for maximum performance and 
economy. 

Figure 3 is a plot of the amplifier reaction time when the 
pilot level was stepped + 2 dB. The figures show that 
overshoot and undershoot are present in cascaded AGC's 
when pulsed, but the time constant of this transient is 
50 to 100 times faster than conventional AGC/ASC's 
( 0.3 sec). This fast time constant minimizes any 
system instability due to transients or field set up adjust
ments and allows AGC/ASC to be used in every amplifier 
station. 

The pilot signals for gain and slope were also turned off 
and on with settling times being the same as shown in 
Figure 3. 

Both adjacent channels to the pilot channels, were 
switched on and off with less than a 0.1 dB change in 
the pilot level. The modulation was also switched on 
and off the pi lot channel with less than 0. 1 dB change in 
pilot level. This stability in the pilot level is a result 
of the video processing and peak detection in the AGC/ 
ASC as discussed above. 

SUMMARY: 

1. AGC/ASC should be used in every trunk amplifier 
in a _system to achieve excellent performance and 
economy. 

2. Video processing and peak detection in the AGC/ 
ASC minimizes the effects of adjacent channels, 
modulation, and other low frequency components. 

3. Short time constant allows system to be easily set 
up because of the fast settling time and greatly 
reduces the duration of any transients. 

4. Reliability of the total system is improved with 
AGC/ASC in each amplifier. If an AGC/ASC 
module should fail, the system will have the AGC/ 
ASC range to make up for the failure before the 
system experiences any overload distortion. 
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"AN 8 KM FIBER OPTIC CATV SUPERTRUNK SYSTEM" 

By 

Whitworth W. Cotten and Dr. C. Richard Patisaul 
Harris Corporation, Melbourne, Florida U.S.A. 

Donald G. Monteith 
Cablesystems Engineering, London, Ontario, Canada 

ABSTRACT 

The technical criteria for the design, 
analysis and hardware implementation of the 
first major fiber-optic digital CATV supertrunk 
in North America are presented. 

The supertrunk system transmits 12 NTSC 
color television channels and 12 FM stereo chan
nels over an eight-fiber cable 7.8 km in length. 
The optical fiber cable is lashed to messenger 
wires with optical repeaters at 2.8 km inter
vals. Audio, video and FM signals are digitized 
and multiplexed into a single 322 Mb/s bit 
stream modulating an injection laser diode 
transmitter. 

1.0 INTRODUCTION 

Fiber optics technology has made its debut 
from the laboratory to operating hardware in 
dramatic fashion this past year. 

Major telephone companies have installed 
operational interoffice trunking in large cities 
in the U.S., Japan, and Europe. Utility firms 
have installed data transmission systems using 
optical fiber systems. 

The cable television industry has also 
s-hown a high degree of interest in fiber optics 
systems as a possible means of increasing sub
scriber options through two-way telecommunica
tions services, higher reliability and service 
to peripheral areas previously not cost
effective to serve. In addition, the economic 
projections of smaller cable, fewer repeaters, 
lower maintenance costs and lower capital 
investment have intensified CATV interest. 

A wide variety of papers have been pub
lished by others speculating on what fiber 
optics might do for the CATV industry. This 
paper will describe actual fiber-optic system 
hardware built for a specific CATV application, 
i.e., a 7.8 km fiber-optic digital television 
trunking system. Applications to the general 
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trunking problem will become apparent as the 
system is described. 

2.0 SYSTEM DESIGN CRITERIA 

An optimal fiber-optic trunking system is 
directly dependent on the trunk variables of 
length and performance specifications. Exten
sive analytical studies were done on this par
ticular link, which carries 12 channels of color 
television and 12 FM stereo channels from the 
headend studio location to the hub distribution 
node. The studies made use of computer models 
for the transmission link using various modula
tion schemes. 

The results of these studies showed that 
for a trunk length of less than 8 km, only two 
repeaters would be required in the link to pro
vide studio quality video reception. The opti
mal modulation scheme was shown to be digital 
pulse code modulation (PCM) for this link, pro
viding the best overall technical-cost 
performance. 

An important consideration in the system 
design was the potential for hardware simplifi
cation offered by a fiber-optic digital repeater 
over conventional analog repeaters. Repeaters 
can be reduced to simple optical-to-electrical 
(and back again) regenerators for binary sig
nals. Further, previous problems such as accum
ulation of intermodulation distortion (IMD) 
products through cascaded analog repeater chains 
do not exist for digital PCM video transmission 
systems. While such problems have limited the 
length of analog trunks, digital trunks have no 
such limitation. The net result favors digital 
transmission methods by providing less complex 
repeater modules, higher reliability, lower sys
tem maintenance costs and the potential of very 
long trunk lines. 

2.1 System Trade-Offs 

Fiber-optic repeaters can be spaced at 
intervals of 3 km or more, depending on fiber 
attenuation and dispersion characteristics. 



This fact is important because fiber-optic trunk 
lines can reach 5 to 6 times as far as conven
tional coaxial systems before repeater units are 
required. Fiber-optic repeater lines up to 1000 
km long are presently under serious considera
tion by major operating telephone companies. 

As a general rule, fiber-optic repeaters 
require digital retiming (bit synchronization) 
in each unit to correct for the accumulation of 
bit errors through cascaded repeaters. For the 
particular 7.8 km trunking system described in 
this paper, analysis showed that link retiming 
could be accomplished effectively in the hub 
terminal equipment alone, and would not be nec
essary in the individual repeaters. Thus fur
ther equipment simplification and lower parts 
count were made possible in the repeater units, 
providing increased reliability. The overriding 
design goal was to design the optical repeater 
units as simply and straightforward as possible, 
since they are pole-mounted and operate in a 
more severe environment than the headend and hub 
terminal equipments. 

Another important system design considera
tion was the trade-off of two candidate types of 
television signals to be encoded and trans
mitted, i.e., baseband video signals or vestigal 
sideband (VSB) signals. One well-known method 
of transmitting television signals is to digi
tally encode the baseband video, separately 
encode the program audio, and then combine the 
two data formats digitally into a single digital 
bit stream. 

A second method of transmitting television 
signals which is particularly attractive to CATV 
applications, is to digitally encode the entire 
vestigal sideband spectrum. Since the VSB spec
trum includes audio, picture and color subcar
riers, it offers the potential of significant 
headend equipment cost reductions for new or 
updated installations. 

Table 1 lists the major benefits and dis
advantages of both video encoding methods. Both 
methods of video digitization are provided in 
this system to permit field tests of both imple
mentations, on a side-by-side basis with each 
other and also with a conventional coaxial ana
log supertrunk. 

Table 1. Trade-Off of Baseband Versus 
VSB Video PCM Encoding Methods 

Baseband Video Encoding 

Advantages Disadvantages 

• Lower Link Costs 
(3 TV channels per 
fiber) 

1 Lower Encoding 
Electronics Cost 

1 Higher Fixed Terminal 
Costs ("off-air" sig
nals require demodu
lation to baseband) 

1 Total Interface Cost 
3 to 4 Times Greater 
Than VSB Encoding 
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VSB Video Encoding 

Advantages Disadvantages 

1 Lower Fixed Terminal 
Costs (no demod/ 
modulator required) 

1 Higher Link Costs 
(2 TV channels per 
fiber) 

1 Lower Total Interface 1 Higher Encoding Elec-
Cost (direct VSB tronics Cost 
encoding} 

The variables shown in Table 1 can be sep
arated into two cost factors, fixed terminal 
costs and variable link costs. Fixed costs 
depend on the specific choices of headend and of 
terminal distribution equipment. Variable link 
costs depend on the total trunk length and the 
number of repeaters and fibers used in the 
link. Using 1981 cost projections of fixed and 
variable costs for both baseband and VSB PCM 
encoding equipments, it can be shown that the 
total cost of a VSB link is less than the total 
cost of a baseband link, if the total length is 
less than 20 km. In other words, two channels 
per fiber VSB PCM is more cost-effective than 
three channels per fiber baseband PCM for dis
tances less than 20 km, because the additional 
terminal equipment cost for the three channels 
per fiber case is not offset by variable link 
costs until the link length exceeds 20 km. 

3.0 DESCRIPTION OF THE SYSTEM 

The telecommunications system described in 
this paper uses graded-index optical fibers hav
ing a bandwidth-distance product in excess of 
600 MHz-km and attenuation less than 8 dB/km. 
Eight small optical fibers (0.005-inch diameter) 
are formed into a single multifiber cable pro
viding transmission capacity for a full 12 TV 
channel supertrunk in a cable less than 1/2-inch 
in diameter. 

Of the eight fibers, only six are actively 
used, allowing the two spare fibers to be used 
for expansion to 18 channels. The six fibers 
are allocated as follows: 

Fiber No. Function 

1, 2 Each fiber carries three high-quality 
digital baseband TV channels, three 
digital FM stereo channels plus par
ity and housekeeping data. 

3, 4, 5 Each fiber carries two high-quality 
digital VSB TV channels, four digital 
FM stereo channels, plus housekeeping 
data. 

6 Fiber carries three channels of high
quality digital baseband in the 
opposite direction (i.e., from dis
tribution hub to headend) 

Thus the system provides for full duplex 
(two-way) video communication. 
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The total system length selected for this 
system is 7.8 km, the distance between the head
end terminal location and the hub distribution 
location. 

A block diagram of the system is shown in 
Figure 1. 

3.1 Baseband TV Processing 

In order to transmit studio quality sig
nals, a baseband encoded digital TV signal 
requires 8 bits sampled at or above the Nyquist 
rate. The snmpling rate was chosen at 10.74 
MHz, the third harmonic of the color subcarrier 
frequency. An additional ninth bit is required 
for multiplexing the audio portion of the signal 
and for carrying the frame synchronizing data. 
A tenth bit is used for a parity bit for error 
detection and concealment to reduce the effect 
uf bit errors on decoded video quality. With 
this data format, each single baseband TV signal 
produces a 107.4 megabit per second (Mb/s) digi
tal bit stream. 

Three such digital bit streams are then 
multiplexed into one serial bit stream at 322.2 
Mb/s, which is in turn transmitted over the 
fiber-optic link. The FM stereo bits are inter
leaved into the bit stream into spare time
division multiplexed timeslots. 

3.2 Vestigal Sideband Processing 

The VSB encoded TV signal is encoded in a 
similar manner to the baseband scheme previously 
described, but is sampled at a higher sampling 
rate of 16.1 MHz because of its higher analog 
bandwidth. The VSB digital data format produces 
a bit stream at 161.1 Mbjs. Two such bit streams 
are interleaved into one serial bit stream at 
322.2 Mb/s for transmission over the link. 

3.3 Fiber-Optic Link 

The system uses injection laser diode 
(ILD) transmitters and avalanche photodiode 
(APD) receivers at both ends of the link as well 
as in repeaters. 

A block diagram of the ILD transmitter is 
shown in Figure 2. The transmitter outputs 322 
Mb/s NRZ digital code in optical form, giving 
over 1 mW of optical power into the fiber. An 
optical feedback circuit controls and stabilizes 
the laser threshold over temperature and time 
variations. 

The APD receiver is shown in Figure 3. 
The optical fiber stub terminates on the face of 
the photodiode, the output of which is amplified 
by a wideband, high-gain RF amplifier with AGC. 

The fiber-optic link was designed to pro
vide an overall end-to-end system BER of better 
than one error in 109 bits (BER< 10-9) 
at a data rate of 322 Mb/s. Actual BER perform
ance has been measured at better than 10-10, 
which is the limit of the present test equipment. 
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Additional "safety margins" have been 
incorporated in the system design to ensure that 
the bit-error rate never limits system perform
ance. For example, a parity detection circuit 
was designed into the system to search for bit 
errors in the four most significant bits of the 
digitized video sample. A logic processor 
stores the third previous video word to minimize 
changes in chrominance and luminance coherency, 
and the current word is checked for parity error. 
If an error is found, the previous correct sample 
is used, and the present erroneous sample is 
discarded. In effect, this technique of error 
detection and concealment allows errors to be 
located and removed prior to transmission to 
system subscribers. The result is a greater 
improvement in video service quality and 
reliability. 

Another safety feature of the fiber-optic 
link is optical power margin, or link margin. 
This is the extra allowance made for equipment 
aging, variations in optical power, lossy fiber 



splices, and general time-variant system param
eters. The link margin for this supertrunk sys
tem is 10 dB, which indicates that a significant 
optical link degradation can occur over time 
without the bit-error rate falling below the 
system BER specification of lo-9. 

It might be observed that the system 
appears to be "overdesigned" for the intended 
purpose as a CATV supertrunk. Previous work 
published in the digital video field (by SMPTE 
and others) has established that a BER of 10-7 
or less will have no perceptible effect on the 
quality of the digitally transmitted video. One 
might next ask why, then, was the system 
designed for 2 to 3 orders of magnitude better 
BER performance than required? 

The answer lies in the basic need for the 
CATV industry to accept a more universal view of 
the tremendous telecommunications potential of 
fiber optics trunking systems to include other 
broadband communications services. Data commu
nications, computer and satellite interconnects, 
two-way telephone trunking, teleconferencing and 
"wired city" concepts are but a few of the 
myriad of telecommunications applications effec
tively addressed by fiber optics. Most of these 
services are more sensitive to bit-error rate 
than is digital video, and the specified system 
BER of 10- 9can readily accommodate each of 
these services. 

Some of the excess bit capacity in the 
system has been specifically dedicated to permit 
such external synchronous or asynchronous digi
tal data services to be transmitted over the 
supertrunk link, in addition to the normal 
video, audio and FM stereo channels. Each Base
band Video Encoder drawer, for example, can 
accept up to 30 synchronous CVSD 1 voice channels 
or 10 multiplexed channels of g6QO baud data 
service modem inputs. 

JL {2Jy -z.._. 

I I 
l llO I OPTICAL WAVEGUIDE I 

TRANSMITTER 

I I I 
I I I 

To further illustrate, if one of the six 
fibers in the cable were dedicated to purely 
digital telephone trunking, nearly 5,000 
standard half-duplex voice channels (Bell-type 
64 kb/s logarithmic companded voice) can be 
accommodated on one single-fiber. 

3.4 Computer Simulation Model 

An important tool used in the design of 
the 322 Mb/s digital fiber-optic link was the 
computer simulation model of the so-called 
"linear channel" of a repeater-to-repeater 
span. This model, shown in Figure 4, simulates 
the effects of the injection laser transmitter, 
the optical cable delay distortion or disper
sion, the photodiode and amplifier, the noise 
filter and the equalizer on the received wave
form prior to reshaping. The output of the com
puter model is a simulated eye pattern2which 
gives a measure of the quality of the channel. 
Figure 5a shows the eye diagram for a 2.8 km 
repeater span and no delay distortion equaliza
tion. The effect of a simple equalizer is 
illustrated in Figure 5b. 

A photograph of the actual measured eye 
pattern over the 2.8 km optical link at 322 Mb/s 
is shown in Figure 6, confirming the predicted 
link performance using computer simulation. 

The results of the computer simulation are 
coupled with the known noise characteristics of 
the receiver to predict the BER as a function of 
received optical power. Figure 7 gives this 
relationship for a 3 km repeater span both with 
and without delay distortion equalization. Fur
ther analysis shows that the degradation in 
BER performance caused by cable dispersion is 
slightly less than the noise penalty associated 
with equalization, so that the unequalized 
receiver is about 0.7 dB more sensitive than the 

b. t: rv-
I 

APD RE'CEIVEA NOISE Fll TER I EQUALIZER 

I 
I 

101).'17 ·4 

Figure 4. Linear Channel Waveform Simulation Model 

1 CVSD refers to Continuously Variable Slope 
Delta modulation, a companding method of digital_ 
voice modulation used to convert voice signals 
into serial NRZ digital data, and to reconvert 
that data into voice. These functions are cur
rently available in single 14-pin CMOS integrated 
circuits, such as the Harris Semiconductor 
HC- 55532 series. 
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2 The eye pattern is an oscilloscope display 
used as a qualitative indication of the perform
ance of a digital PCM system. The degree of 
"eye opening" enables one to tell at a glance 
the effects of bandwidth limiting and noise 
accumulation in the system. In general, the 
wider the eye opening, the lower the probability 
that the receiving equipment will make errors in 
reading the binary digits of the PCM bit stream. 
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equalized receiver. Therefore equalization of 
the repeater link in this case offered no advan
tage whatever in performance, and the link con
tains no equalization circuitry. 
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Received Optical Power 

4.0 AUTOMATIC FAULT DIAGNOSTICS 

One of the major objectives in the design 
of this system was to directly address some of 
the most challenging operational and maintenance 
concerns of the CATV industry: 

1 How does the CATV system operator deter
mine the location and nature of a system 
failure? 

1 Is it possible to provide an "early warn
ing" system to the CATV operator, provid
ing in advance, the location, nature and 
rate of degradation of a system link 
component? 

1 Can the means be provided by which both 
the long- and short-term system 
performance parameters can be monitored to 
provide trend data? 

Several technical approaches were con
sidered to meet these challenging requirements, 
ranging from simple manual test sets to 
computer-controlled automatic test sequencers. 
The selected approach was incorporated on a 
medium-complexity, yet cost-effective digital 
on-line performance monitor called the Link Test 



and Maintenance Unit (LTMU), which is included 
as part of the total system equipment 
configuration. 

The LTMU provides meaningful on-line data 
to the system operator about every important 
parameter in the system, including bit-error 
rate, repeater quality and condition and remote 
temperature conditions. 

In comparison to previous CATV system per
formance monitors, the LTMU represents a quantum 
jump in the level of system fault diagnostic 
equipment. Yet in comparison to the technology 
of the fiber-optic trunking system to be moni
tored, the LTMU represents a reasoned trade-off 
between test sophistication and the requirement 
for a practical tool for system operator 
personne 1. 

4.1 Continuous Monitoring 

The LTMU continuously monitors the bit
error rate of the digital bit stream at the 
receiver terminal. An automatic audible alarm 
is intitiated at the hub terminal location if 
the system BER exceeds a preset thresh81d. 

In addition to BER monitoring, the ~TMU 
can "call up" any transmitter or reu'iver module 
in any fiber-optic repeater unit anvwhere in the 
system, and ask for qualitative status and per
formance information. This process of digital 
"interrogation-and-response" to and from the 
LTMU to other remote system components is the 
key to rapid fault location and an early warning 
system of degraded performance. 

A transponder module located in every 
repeater unit enables the LTMU and repeater sub
assemblies to digitally communicate via unique 
digital code addresses to each subassembly. 
Each unit so addressed replies qualitatively as 
to the condition of the laser transmitter or the 
photodiode receiver. These data are visually 
displayed along with BER performance on the 
LTMU's digital panel readout. The system opera
tor technician simply records these values peri
odically in a daily log. Thus, any data trends 
toward degradation will become apparent as vari
ations from given tolerances, and corrective 
action can be taken before a catastrophic fail
ure occurs and the link goes down. Further, a 
repair technician can identify from the LTMU the 
exact repeater, subassembly and module to be 
replaced before he leaves the shop. 

The cost benefits to the system operator 
in fault location time, troubleshooting, system 
reliability and customer service complaints are 
apparent. 

5.0 CONCLUSION 

This paper has presented a report on the 
first major CATV installation of fiber optics 
trunking using digital television transmission. 
Fiber optics CATV transmission offers both a 
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challenge and a promise: A challenge for the 
CATV community to adapt and cope with a rapid 
technological changeover, and the promise of 
economically providing extended broadband ser
vices to outlying or marginally populated market 
areas not previously considered within reach. 
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BASIC ACOUSTICS 
FOR THE 

CABLE TELEVISION STUDIO 

w. Sherwood Campbell 

American Television and Communications Corporation 
Denver, Colorado 

This tutorial paper shows how to calculate the 
optimum reverberation time for a studio, based 
on its volume and whether it will be used for 
voice or music. Also given is the calculation 
of the actual reverberation time, based on the 
studio's volume, surface area, surface materi
als and contents. Using three typical local 
origination size studios as examples, methods 
for improving reverberation time are given. 

Once a local origination studio has been construc
ted to minimize the transmission of external sounds 
through its walls, doors and windows, consideration 
must be given to the acoustical treatments neces
sary to control the reflections of sounds within 
the studio. If reflections are not sufficiently 
attenuated, the studio will have an unpleasant 
"hollow"sound, and in extreme cases, intelligibili
ty will suffer. On the other hand, too much atten
uation will give the studio a "flat" sound, which 
can be psychologically annoying to performers. A 
measure of this characteristic is reverberation 
time, with the symbol tGo• Reverberation time is 
defined as the time required for a sound's ampli
tude to decrease 60 dB. 

The optimum reverberation for a broadcast studio 
being used for speech is given approximately by: 

0.3 log V- 0.65 {l) 

V is the studio volume in cubic feet, and t 60 is in 
seconds. For a studio used for music, a reverbera
tion time 250 milliseconds longer than this may be 
used. 

To calculate the actual reverberation time in a 
studio, the equation is: 

tGo = 0.049 v 
-2.3 s log (1-a) 

(2) 
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S is the total wall, ceiling and floor surface area 
in square feet and a is the average sound absorp
tion coefficient (or acoustic absorptivity) of 
these areas. Figure l gives the absorption coef
ficients for a number of typical wall, ceiling and 
floor surfaces. 

APPROXIMATE ACOUSTIC 
ABSORPII ON COEEE I C I ENTS • 

PA!NTEIT BRICK WALL .02 
PLASTER , 03 
UNPAINTED BRICK WALL , 04 
PLATE GLASS , 06 
WooD PANEL! NG , 07 
GYPSUM BOARD ON 2 X 4 STUDS ON 15" CENTERS , 11 
3/8" PLYWOOD , 16 
COARSE CONCRETE BLOCK ,34 
HEAVY DRAPED FABRIC .46 

CoNCRETE • 02 
Wooo .04 
LINOLEUM ON CONCRETE .06 
UNLINED CARPET ,30 
CARPET W !TH PAD , 40 

AcousTICAl TrLES CEMENTED TO WALLS oR CEll lNG .. 

1/2" '55 
y~ .~ 

3/4" .70 
ln ,75 

* BASED ON MEASUREMENTS BY THE ACOUST !CAL MATERIALS 

AssociATION LABORATORY, 

EXACT COEFFIC lENTS FOR A PARTICULAR PRODUCT AND MOUNT

ING METHOD MAY BE OBTAINED FROM THE MANUFACTURER, 



(A) 

Let's see how these equations can be used to calcu
late the acoustic requirements in a 12' wide, 18' 
long and 9' high studio. Its volume is (12) (18) (9)= 
1944 cubic feet, and its wall, ceiling and floor 
surface area is (2) (12) (18) + (2) (12) (9) + (2) (18) 
(9) = 792 square feet. From Equation (1), the op
timum reverberation time is: 

tso = 0.3 log 1944 - 0.65 = .337 seconds 

Rearranging Equation (2) gives 

( 
-0.0213 v) 

n = 1 - 10 s tso (3) 

By substituting the t 60 calculated above and the 
studio's volume and floor, ceiling and wall surface 
area into the equation gives a required average co- (B) 
efficient of absorption of n = .30. 

There are, of course, a number of ways by which 
this value could be achieved. But let's assume a 
concrete floor, 1/2" acoustical tiles on the ceil
ing and gypsum board walls. The present average 
coefficient of absorption can now be found by: 

n = Esini (4) 

s (5) 
(12) (18) (.55)+(12) (18) (.02)+(60) (9) (.11) 

2 .23 792 

One way by which the average acoustical absorptivi
ty could be increased from .23 to .30 would be by 
applying 1/2" acoustical tiles to an area, x, of 
the wall surface. Equation (5) would then become: 

or: 

.30 = .155 + (540-x) (.ll)+(x) (.55) 
792 

x = 125.2 square feet 

Some rules of thumb that are helpful in distribut
ing this 125 square feet of acoustical material 
most efficiently are illustrated in Figure 2. 

C) 

(D) 
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SORPTIVE MATERIAL. DRAWING (B) REPRESENTS AN INCREASE 

IN EFFECTIVENESS OVER (A) BECAUSE THE MATERIAL HAS BEEN 

SPREAD OUT IN A CHECKERBOARD PATTERN OVER A LAR6ER WALL 

AREA, fuRTHER INPROVEIIENT IS OBTAINED IN (c) WHEN THE 

MATERIAL IS PLACED ON ADJACENT, RATHER THAN OPPOSITE 

WALLS, IN (D) STILL ANOTHER IMPROVEMENT IS EFFECTED 

WHEN THE MATERIAL IS PLACED IN THE CORNERS, RATHER THAN 

ON THE CENTER, OF THE WALL SURFACES • 



Let's look at a second example of an 8' long, 8' 
wide and 9' high announce booth with the ceiling 
and 50% of the wall area covered with l/2" acousti
cal tiles and with a floor consisting of linoleum 
on concrete. The questions to be answered are: 
l. What is the booth's reverberation time? 2. How 
much will the reverberation time be shortened by 
placing one person, a wooden chair and a small ta
ble in the booth? 3. How does this reverberation 
time compare with the recommended optimum? 

The volume of the booth is (8) (8) (9) ~ 576 cubic 
feet, and its floor, wall and ceiling area is (2) 
(8) (8) + (32) (9) ~ 416 square feet. From Equation 
(4) and Figure 1: 

a~ l:s.a. 
~ ~ 

s 
(64) (.55)+(64) (.06)+(144) (.55)+(144) (.11) 

416 

From Equation (2), the booth's reverberation time 
is: 

t 6 o 0.049 V 
-2.3 X log (1-a) 

(0.049) (576) 
(-2.3) (416) log (l-.32) 

.174 seconds 

The effect which people and furnishings will have 
on reverberation time can be approximated by: 

t6o (furnished and occupied) 

sa t6 o (empty) 
Sa+a 

(6) 

Where "a" is the acoustical absorption, in sabins, 
of the furnishings and occupants. The absorption 
of the person, chair and table is, from Figure 3, 
4+1+1 ~ 6 sabins. 

APPROXIMATE DCCII PANT AiJD FI'RN ISH I NG 
ABSORPTIONS. IN SABINS 

SMALL TABLE 

Wooo CHAr R 

DESK 

PERSON 

From Equation (6) : 

t 60 (furnished and occupied) 

416(.32) 
( .174) 

416(.32) + 6 

.3 

.3 
1.0 
4, 0 
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~ .168 ~ .17 seconds 

From Equation (l) , the recommended reverberation 
time is: 

t 6 o 0.3 log V- .65 

0.3 log 576 - .65 

.18 seconds 

This is certainly close enough to the calculated 
.17 seconds, especially considering the tolerances 
on the acoustical absorptions and absorption coef
ficients we have used (about + 20%). 

Figure 4 shows the reverberation time versus aver
age acoustical absorption coefficient for three 
typical local origination studios. The optimum 
reverberation time for each studio is also shown; 
it can be seen that most local origination studios 
will require an average acoustic absorption coef
ficient close to .3. 
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GRAPH SlfO I G REL.ATIOH BETWEEN REYEABERATION 
T1 E, T.,, A D THE AVERAGE ABSORPTIO COEFFICIENT, , FOR 
A LARGE 30 X lj() X 18 t.OCAL DRIGI ATION STUDIO (CURVE A). 
A 514At.l 12 X 18 X 9 STUDIO (CURVE 8) AND A 8 X 8 X 9 A -

U CE BOOTH (CURVE (). THE CIRClED POINTS 0 THE GRAPH 
SHON THE OPT I ur< REVERBERATION TillES FOR THESE STUDIOS 
WHEN THEY ARE USED FOR SPEAK! G; FOR MUSIC, REVERBERATION 
TIMES APPROXIMATELY 250 MILLISECONDS LONGER WOUI.D BE OP
TII\IJr<, 
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Although these values and equations provide useful 
guidelines for determining the required acoustical 
treatment for a local origination studio, to do a 
rigorous acoustical analysis of a studio would re
quire considering a number of additional factors 
beyond the scope of this paper, including the fre
quency spectrum of the sounds being created, the 
humidity in the room and the placement of objects 
and furnishings within the room. 

Try these calculations on your studio. Maybe, with 
just a minor amount of acoustical treatment to the 
studio, your performers won't sound like they're 
inside a barrel any more. 

El.G.uR.E_5_ : TYPICAL LARGE CABLE TELEVISION STUDIO USING 

CARPn ON THE SPEAKER'S PLATFORM AND HEAVY, FREE-HANGING 

DRAPES TO REDUCE THE REVERBERATION TIME, 

~: FIBER GLASS BATTS, 2' X 4' X 6", PLACED 

ABOVE LIGHTING BATTENS TO REDUCE REVERBERATION TIME, 
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CABLE TELEVISION INSPECTIONS BY FOB FIELD ENGINEERS 

Presented by 

John R. Hudak 

Field Operations Bureau Staff 
Federal Communications Commission 

ABSTRACT 

Engineers with the Federal Communications 
Commission's Field Operations Bureau have re
sponsibility for inspecting cable television 
systems. This paper discusses the consider
ations of selecting a system for inspection, 
the organization and responsibilities of FCC 
field units, some of the general technical 
procedures followed, recent inspection findings 
and inspection follow-up. Also, the cable 
operator's responsibilities in assisting with 
the inspection are outlined. 

INTRODUCTION 

The FCC Field Operations Bureau (FOB) is re
sponsible for Commission engineering activities 
performed in the field, including enforcement, 
interference suppression and communications 
user liaison. Working with CATV systems is 
nothing new to the bureau. Our first experi
ence was obtained in the fifties in radiation 
leakage complaints involving TV interference 
to nonsubscribers. At that time, restrictions 
were specified in Part 15 of the FCC Rules and 
Regulations (Radio Frequency Devices). 

After the adoption of signal quality specifica
tions, Part 74 and later Part 76 of the Rules 
and Regulations, our FM/TV Enforcement Units 
routinely began making complete system perfor
mance measurements. Other field facilities 
began random inspections for a one-year period 
during 1975, gathering data from performance 
measurements conducted by system operators and 
also began and have continued, making other 
inspections for cause. More recently, several 
select field facilities have concluded a survey 
to determine the extent of cable television 
leakage radiation. The findings of this survey 
will be used to assist in analyzing cable TV's 
potential interference to aircraft radio sys
tems. 

FOB ORGANIZATION 

The Field Operations Bureau is composed of six 
regions, consisting of 31 district and limited 
offices, 13 monitoring stations and 5 special 
enforcement facilities, each staffed with elec
tronic engineers and technicians. The regional 
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boundaries and location of individual facili
ties are shown on Illustration 1. 
There are also four FM/TV/CATV enforcement 
units that specialize in technical analysis of 
FM broadcast, television broadcast, and cable 
television systems. The horne bases of these 
units are as follows: 

Eastern FM/TV/CATV Unit - Norfolk District 
Office 

Southern FM/TV/CATV Unit - Powder Springs, GA 
Monitoring Station 

Central FM/TV/CATV Unit - Kansas City District 
Office 

Western FM/TV/CATV Unit - San Francisco 
District Office 

Each of the FM/TV/CATV units is approximately 
a $100,000.00 package consisting of a 2.5-ton 
truck, sophisticated test equipment and trained 
engineer specialists. See Illustrations 2 and 
3. 

An average FOB inspector begins his career with 
the Commission soon after receiving a BS degree 
in Electrical Engineering. Others are hired 
after working in related fields in private in
dustry. The first assignment is a six-month 
comprehensive training course that provides a 
broad overview of the bureau's responsibilities 
and methods of accomplishing those responsibil
ities. A duty station is next assigned and 
career development continues through on-the-job 
training until journeyman level is obtained, 
usually in three years. The inspector is a 
generalist working with marine, land mobile, 
broadcast, aviation, citizens, cable television 
and other services. After obtaining journeyman 
status, a speciality such as an FM/TV/CATV unit 
might be selected or a senior engineer classi
fication obtained. 

CABLE SYSTEMS SELECTED FOR INSPECTION 

The bureau has limited resources that can be 
devoted to cable television enforcement. There
fore, most cable systems selected for field 
inspection are selected for some specific cause 
such as the following: 
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Illustration 2. Exterior View of HI/TV/CATV Unit Illustration 3. Test Equipment Rack in 
FM/TV/CATV Unit 
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1) Subscriber complaints that are not 
resolved by the cable operator. lJ 

2) Signal quality controversies between 
cable operators and television station 
operators where conflicting technical 
reports have been filed with the 
Commission. 

3) Gathering background or evidentiary 
material for use by another bureau or 
office. 

4) Although the majority of cable televi
sion inspections performed by FOB fall 
into one of the above categories, a few 
are based on random selection. 

It might be well to note that FOB should not be 
thought of as a substitute for a private con
sultant. We provide independent findings for 
enforcement and to resolve conflicts on which a 
Commission decision depends but we do not pro
vide findings in lieu of normally expected sub
missions from a cable operator. 

CO:-<DUCTING TilE INSPECTION 

Since inspections are usually for "cause" the 
tests and measurements performed vary according 
to the particulars of the individual case. A 
subscriber complaint of poor picture quality 
that goes unresolved usually requires con
ducting the complete technical performance 
measurements specified in Section 76.605 of the 
Rules. Additionally, using a television re
ceiver of known characteristics connected to 
the subscriber tap the picture quality of each 
received channel is subjectively evaluated and 
rated according to modified TASO ~ procedures. 
Remember the Rules require that "the signal 
shall be carried without material degradation 
in quality (within the limitations imposed by 
the technical state of the art)." 3/ We feel 
this TASO evaluation provides the best determi
nation of "material degradation." 

Occasionally, a cable operator and a television 
station operator become deadlocked in fixing 
blame for degraded signals at cable subscriber 
taps. Here again a complete set of cable tech
nical performance measurements as outlined in 

1/ Subscriber complaints are filed with the 
local engineer-in-charge or the cable bureau in 
Washington. First action on the complaint is a 
request to the cable operator to investigate, 
take corrective action if necessary, and report 
back. 
2/ Ratings range from 1 (Excellent) to 6 (Unus
able). See Engineering Aspects of Television 
Engineering, Report of the Television 
Allocations Study Organization (TASO) to the 
Federal Communications Commission, 
March 16, 1959. 
~ 47 CFR 76.55. 
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Section 76.605 of the Rules are conducted and 
the television station's off-the-air signal 
receives a detailed waveform analysis to deter
mine compliance with Part 73 of the Rules. 
Clarity and picture fineness are measured by 
having the television station transmit a stan
dard resolution test slide and then simply 
counting lines of horizontal resolution at 
various points along the signal path, i.e., 
television transmitter output, cable headend, 
and cable subscriber taps. Acceptable high 
quality television pictures should contain over 
325 to 350 lines of horizontal resolution. Sub
jective TASO picture evaluations are also made 
at various points. ~ 

Signal carriage disputes often center around a 
television station's field strength 5/ over a 
community or at a cable headend location. FOB 
determines the contour over a community by the 
spot sampling technique outlined in the TASO 
report. Using this method a rectangular grid 
is positioned on a city map with the number of 
intersections adjusted to equal three times the 
square root of the city population in thousands. 
Cluster measurements are then conducted at each 
intersection and the median value determines 
the signal grade. At the headend, the signal 
grade is determined by making measurements at 
five random locations within 100 feet of the 
cable system receiving antenna. For safety and 
convenience all measurements are made at ten 
feet and corrected to thirty feet. 

The illustrations listed above are typical of 
FOB cable inspections. Every effort is made to 
conduct all relevant measurements and this may 
require that the FOB engineer spend from one
half day up to one week working at the cable 
system. The inspector is equipped with all 
necessary test instruments and independently 
performs most measurements. The cable operator 
is expected to cooperate, as needed, in supply
ing test taps, access to the headend, required 
records and details of the plant layout. Most 
systems find it convenient to assign a techni
cian to accompany the inspector full-time but 
this is at the cable system's option. 

RECENT INSPECTION FINDINGS 

Recent inspections show that nearly all cable 
systems checked by FOB are in violation of one 
or more of the Commission's technical regula-

4/ Th1s procedure is outlined in the Initial 
Decision released August 21, 1973, in Docket No. 
19479, Meadville Master Antenna, Inc. 
5/ Sharply defined field strength boundaries 
determine a stations Grade A and B contours. 

Channel 

2 - 6 
7 - 13 

14 - 83 

Grade A (dBu) 

68 
71 
74 

See 47 CFR 73.683. 

Grade B (dBu) 

47 
56 
64 



tions. 6/ In Table 1, the "frequently" and 
"occasionally" violated rules are listed. This 
may serve as an indication of where greater 
preventive attention might be warranted. 

Table 1 

Frequently Violated Rules 

76.60l(c) 
76.60S(a)(2) 

76.60S(a)(4) 

76.60S(a) (5) (i) 

76.60S(a) (6) 

76.60S(a) (7) 
76.605(a)(8) 

76.605(a) (12) 

- Yearly performance tests 
- Visual carrier frequency 

tolerance 
- Signal level at sub

scriber tap 
- Ratio of adjacent chan

nel signals 
- Ratio of aural to visual 

signals 
- Low frequency hum 
- In channel frequency 

response 
- Radiation 

Occasionally Violated Rules 

76.30 7 

76.55(a)(l) 
76.605 (a) (3) 

76.605(a) (5) (ii) 

76.605 (a) (9) 
76.605(a) (11) 

- System available for 
inspection 

- Material degradation 
- Aural carrier frequency 

tolerance 
- Ratio of nonadjacent 

channel signals 
- System noise 
- Terminal isolation 

As part of the survey mentioned earlier, deal
ing with leakage radiation and possible adverse 
affects on aeronautical transmissions, FOB has 
just concluded tests on 65 cable plants. 
Eighty percent of the systems had one or more 
leaks of at least 50 mV/m at 10 feet. Seven
teen percent of the leaks were above 350 mV/m 
at 10 feet and one leak measured 5600 mV/m at 
10 feet. These findings indicate leakage radi
ation exists in seemingly significant quanti
ties. A second phase to the study is being 
implemented to determine the actual affect on 
aircraft communication and navigation devices. 

FOLLOW-UP ACTIONS 

Rule violations that are noted during an in
spection are brought to the cable operator's 
attention during a wrap-up session immediately 
following the completion of all measurements 
and later by written correspondence. A reply 
to the written correspondence is requested with
in 10 days indicating what corrective action 
is being taken to remedy the discrepancy. The 
inspecting engineer reviews the reply, provides 
comments as appropriate and forwards the com
plete inspection package to Washington head
quarters. 

(jj Admittedly, the sample is biased because of 
the selection process and the statement should 
not be applied to systems in general. 
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In Washington, FOB personnel review the inspec
tion package for accuracy and to determine what 
further action, if any, appears warranted. If 
a violation remains uncorrected, evidence indi
cates repeated or flagrant violations, unusual 
problems are evident or special interest was 
previously expressed, the package is coordi
nated with cable bureau for follow-up. 

On February 21, 1978, a bill was signed by the 
President amending the Communications Act of 
1934, to, among other things, broaden 
Commission administrative forfeiture procedures 
to include cable television systems. Proce
dures for implementing this new authority are 
being developed at this time. The amendment 
provides for a maximum cable forfeiture of 
$2,000 per violation per day with a total pen
alty not to exceed $20,000. Under the new law, 
a violation has occurred when any person has: 

'~) willfully or repeatedly failed to 
comply substantially with the terms 
and conditions of any license, per
mit, certificate, or other instrument 
or authorization issued by the 
Commission; 

"B) willfully or repeatedly failed to 
comply with any of the provisions of 
this Act or of any rule, regulation, 
or order issued by the Commission 
under this Act or under any treaty, 
convention, or other agreement to 
which the United States is a party 
and which is binding upon the United 
States; 

"C) violated any prov1s1on of Section 
317(c) or 509(a) of this Act; or 

"D) violated any provision of Section 
1304, 1343, or 1464 of title 18, 
United States Code .... " 

Further, in determining the amount of such a 
forfeiture penalty, the Commission or its des
ignee shall take into account the nature, cir
cumstances, extent and gravity of the prohib
ited acts committed and, with respect to the 
violator, the degree of culpability, any his
tory of prior offenses, ability to pay, and 
such other matters as justice may require. 

This new legislation should provide great flex
ibility in administering the cable enforcement 
program. However, I would like to stress that 
good cable service is the goal and penalties 
against a cable operator should be thought of 
as a final method of achieving that goal. 
would think the average cable operator will 
never be faced with a Commission penalty for 
technical problems. 



One notable exception to the general policy 
procedures for implementing administrative 
action, is the authority delegated recently 
to local engineers in charge to require a 
cable system that causes harmful interference 
to radio commw1ications involving the safety 
of life and protection of property to cease 
operations as necessary to eliminate the inter
ference. 7/ The authority is used with discre
tion and only with substantiated safety and 
property protection interference problems. 
Every effort is made to minimize any social, 
economic or technical effects on the system 
and system subscribers. For example, it may 
only be necessary to remove one specific 
carrier frequency. Similarly, the system 
operator is expected to react in an urgent 
and responsible manner when he becomes aware 
of any harmful interference. 

CONCLUSIONS 

The Field Operations Bureau's cable television 
inspection program has been operational for 
several years. Principal goals of the program 
are complaint resolution, detection of rule 
violations and engineering data collection. 
Since very limited resources are available, 
the program concentrates on problem areas. 

We hope that responsible cable operators will 
welcome a system inspection by FOB engineers. 
It is an excellent opportunity for exchanging 
ideas and isolating and resolving technical 
problems. 

!) 4 7 CFR 76. 613 
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CHANNEL RESPONSE MEASUREMENTS 
MADE EASY 

Gerald L. Bahr 
Chief Engineer 

Mission Cable TV, Inc. 
Division, Cox Cable Communications 

By employing a tracking generator/receiv
er system, (such as an Avantek sweep sys
tem) and incorporating a local oscilla
tor with a double-balanced mixer, you 
can develop a side band analyzer that 
greatly facilitates the requirement to 
measure and make adjustments to head-
end equipment, including video modula
tors. 

This technique allows the channel re
sponse measurement to be made in the 
presence of other carriers, thus negat
the requirement to turn the system head
end off while making these measurements. 
Using this technique, the head-end and 
system can be measured as one integral 
unit, thus, with the aid of a camera, 
providing proof of the channel response 
for the total system and eliminating 
the need to algebraically add two or 
more response measurements together. 

INTRODUCTION 

Anyone who has tried to comply with 
the FCC requirements of in-channel re
sponse measurements realizes that it is a 
tedious job, often times producing less 
than satisfactory results. Typically, 
the "proof" pictures are of poor quality 
and the correction of problems found can 
be a slow and cumbersome process. 

The problem has been in displaying a 
clean, steady and accurate response of a 
modulator, processor or strip amplifier 
with other carriers present. It is par
ticularly difficult to prevent a modula
tor carrier from saturating the detector 
and/or masking the sideband information, 
either of which makes it impossible to 
achieve satisfactory results using the 
typical sweep generator/detector tech
niques. 

The above problem can be overcome 
through the use of a sweep system using a 
tracking receiver. This paper will spe
eifically explain the method using the 
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Avantek CT/CR-2000A; however, the tech
niques will work equally well for earlier 
Avantek models or for tracking systems 
produced by other manufacturers. 

TEST EQUIPMENT REQUIRED 

1. Avantek CT/CR-2000A or equi
valent. 

2. Marker generator (RCA-WR99 or 
equivalent). 

3. Double-balanced mixer (Anzac 
Model MHF-1 or equivalent. 

4. VHF amplifier (may need two). 
5. Video amplifier (may not need). 
6. Assortment of pads, jumpers, etc. 

SWEEPING ON-CHANNEL PROCESSORS 

Test 

Output 

Equipment 
Under 
Test 

Aux. 

Set Up For Response Test 
Of On-Channel Equipment 

Figure l 

Input 

Figure l is the set up for sweeping 
on-channel equipment. This method is 
similar to the typical sweep generator/ 
detector method and does not use the 
double-balanced mixer. The marker genera
tor is used for marker reference only. 
For further details refer to the Avantek 
Manual, Section 12, page 30

1 
under "Proof 

of Performance Measurements'. 



SWEEPING OFF-CHANNEL PROCESSORS 

5"300 IIOjr 
Swug 

+ll.llm• 

>'<as required 

Off-Channel Processor Sweep 
Test Set Up 

Figure 2 

Figure 2 is the set up for sweeping 
off-channel processors, Note that the 
marker generator is used as a local oscil
lator, The generator is set to the dif
ference in the channel input frequency and 
channel output frequency. The products of 
the DBM are both the sum and difference of 
the LO and RF frequencies and this set up 
will provide the proper input sweep for 
any channel conversion, 

IF INPUT SWEEPING 

An IF input sweep uses the above set 
up as Figure 2 with the LO generator set 
at 45.75 MHz above the output channel fre
quency, 

SWEEPING MODULATORS 

Figure 3 is the set up for sweepi~g 
modulators. Note that the generator lS 
set to the same frequency as the output 
channel video carrier. 

In Figures 2 and 3 the VHF amplifier, 
pads and/or the video amplifier marked 
with an asterisk may or may not be re
quired, depending upon your individual 
equipment. 
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,•,as required 

Modulator Sweep Test Set Up 

Figure 3 

DOUBLE-BALANCED MIXER CAUTIONS 

A word of caution regarding the use 
of double-balanced mixers is in order at 
this point. The DBM is a useful and_ver
satile tool, and, if used properly, lt 
will provide excellent results, The first 
rule to remember is that the IF port must 
be terminated in a resistive load such as 
a pad, variable attenuator o: an amplifier 
if the amplifier has a good 1nput match 
well beyond the total bandwidth in ques
tion, Unless you know exactly what you 
are doing, ~ not terminat~ the IF port 
directly into a-Dandpass f1lter. ~f the 
IF port is terminated into a react1ve 
load the harmonic modulation products 
can ~ary as much as ±20 dB with the con
version loss varying as much as ±3 dB. 

The LO port is the next most criti
cal The main caution here again is to 
use'a resistive load. The RF port is not 
critical as the impedance that it sees. 

For most DBMs used in CATV the local 
oscillator input level should be +52 to 
+58 dBmV. 

A DBM with an impedance of 50 Ohms 
represents a return loss of 14 dB when 
used in a 75 Ohm test set up. If the 
above precautions are followed there 
should be no problems using a 50 OHm de
vice, 



AVANTEK SET UP 

It is necessary to modify the Avantek 
transmitter to remove the 49 MHz to 52 MHz 
pilot from the sweep in order to prevent 
overloading the VHF amplifier and/or the 
double-balanced mixer. 

Avantek Block Diagram 

Figure 4 

Refer to figure 4 for the Avantek 
block diagram and make the following 
modifications: 

1. Remove the jumper between T3-J3 
(output of pilot amplifier/fil
ter) and T4-J5 (input to hybrid 
combiner). 

2. Disconnect the jumper at T4-J4 
(one output of hybrid combiner) 
and reconnect at T3-J3 (output 
of pilot amplifier/filter). 

This now sets the transmitter up so 
that only the pilot is available at the 
test point jack and only the sweep at the 
sweep signal jack. 

MODULATOR SWEEP TEST PROCEDURE 

. The modulator sweep test procedure 
~s typically the most difficult of the 
head-end units and for the sake of brev
ity will be the only one treated in de
tail in this paper. 

Refer to Figure 3 and note that the 
sweep output of the Avantek transmitter 
is only +18 dBmV. This signal needs to 
be am?lified approximately 30 to 40 dB. 
The h~gher the output of the amplifier 
the better, as long as the amplifier does 
not overload and the combined sweep and 
LO powers don't burn out the DBM (some 
DBMs can handle combined powers of 65 to 
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70 dBmV without burning out). 

Feed this high level sweep signal 
into the RF port of the DBM. Then con
nect the local oscillator (RCA-WR99 or 
equivalent) to the LO port of the DBM. 
If either the RF sweep or the LO level is 
low into the DBM it may be necessary to 
install a video amplifier between the IF 
output of the DBM and the input to the 
modulator since 0.5 to 1.0 volt of video 
signal is necessary for proper modulation. 

With the proper IF (video) signal 
level into the modulator, connect its 
output to the input of the Avantek re
ceiver. Then connect the pilot tone from 
the Avantek transmitter (now located at 
the test point jack) to the auxiliary 
pilot input on the receiver. 

The modulator is now set up for 
sweep testing. Note that is mav be ne
cessary to pad the modulator output and/or 
the pilot tone to keep from overloading 
the Avantek receiver. 

. This test set up could be expanded 
to ~nclude the total cable system by in
serting the Avantek transmitter pilot (at 
the proper level) into the trunk cable 
and taking the Avantek receiver out into 
the system. 

If the head-end has a multi-channel 
AML transmitter with transmitter monitor
ing, the AML transmitter can be included 
in the test. However, since the AML 
can't transmit the 49-52 MHz pilot, the 
test cannot be run beyond the head-end. 

To perform the sweep test, set the 
Avantek receiver controls as follows: 
video filter to normal; sweep rate to 
remote lock; video gain to 10 dB per 
centimeter; and sweep width to full. 
Then, with the transmitter in the local 
control mode, tune F1 approximately 30 
MHz below and F2 approximately 30 MHz 
above the outpuE video carrier frequency 
as indicated by their respective dials 
(these controls are internal pots on the 
Avantek transmitter models earlier than 
the 2000A). The video carrier should 
now be displayed on the receiver CRT with 
the base line being approximately two 
centimeters long and the video carrier 
near the center of the base line. Now 
tune the center frequency control so that 
the tuning marker is under the video car
rier. Switch the sweep width to 1 MHz 
per division. The video carrier should 
now be displayed near the center of the 
CRT. 

With the center frequency control 
move the video carrier two centimeters 



to the left of center and adjust F1 and 
F2 on the transmitter so that the base 
line just fills the full 10 centimeters 
of the CRT. Reduce the sweep rate on the 
transmitter to just above the flickering 
point, as viewed on the CRT. Now adjust 
the LO generator to the video carrier 
frequency. As the generator is tuned 
near the video carrier frequency, the 
response of the modulator will begin to 
rise up from the base line. Tune the LO 
generator for maximum level on the re
sponse as viewed on the CRT. The LO is 
now tuned to the video carrier frequency. 

As the LO generator is tuned for max
imum, it may be necessary to adjust the 
gain of the video amplifier (if used) 
and/or the video modulation control to 
prevent over-modulating the video modu
lator. It is best to adjust the modu
lation so that the sideband energy is 
approximately 6 dB below the video car
rier. 

As can be seen in the response photo
graphs (Figures 5 through 7), the display 
can be quite revealing. Figure 5 shows 
considerable reaction in the video pass
band area caused by the sound trap. Al
though in the interest of video sharpness 
it is desirable to have a video bandwidth 
of 7 to 10 MHz, it can be a detriment in 
a CATV system if the upper sideband in
formation is allowed to extend into the 
upper adjacent channel as indicated in 
the photograph. Keep in mind that the 
FCC channel response requirement is only 
from -0.5 MHz to +4 MHz with respect to 
the video carrier. 

Figure 7 is the response of a channel 
processor. Although the video carrier is 
not present, a marker generator could be 
used (as shown in Figure 3) to show the 
location of the video and/or sound car
riers if desired. 

With the logarithmic display it is 
possible to see the rejection level of 
the vestigial sideband change 10 to 30 dB 
depending upon the proper set up of the 
equipment and the proper installation of 
modules and jumpers. 

Depending upon the tuning of the 
Avantek receiver, the tuning marker may 
not be as prominent as the one in Figure 
5. 
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Figure 5 

Vertical--10 dB/em 

Horizontal--! MHz/cm 

RCA CTM--10 modulator, bandpass filter 
and AML. Video carrier at the 100 MHz 
line. Tuning marker at the 200 MHz line. 
Sound trap at the 230 MHz line. 

Figure 6 

Vertical--10 dB/em 

Horizontal--! MHz/cm 

SA-6300--modulator, bandpass filter and 
AML video carrier at the 100 MHz line. 
Sound trap at the 230 MHz line. 



Figure 7 

Vertical--10 dB/em 

Horizontal--1 MHz/cm 

SA-6150--processor, bandpass filter and 
AML. 

CONCLUSION 

The sweep generator, with its 
tracking receiver, provides a means for 
fast and accurate in-channel response 
measurements, With two-way communica
tions, two technicians can make the 
test from antenna terminals to the end 
of the system as one unit, 
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CO-CHANNEL PROTECTION LIMITATIONS OF THE CIRCULARLY 
POLARIZED ( CP) ANTENNA-ARRAY 

Steven I. Biro 

Biro Engineering 
Princeton, N.J. 

ABSTRACT 

Since the first experimental circularly po
larized TV broadcast started in 1974 (Station 
WLS-TV, Channel 7, Chicago), the application of 
CP receiving antennas enjoyed growing interest 
among CATV engineers and system operators. This 
presentation is intended as an introduction to 
the reader on the concept of circular polar
ization, and will be followed by a review of 
methods to generate and receive CP electromag
netic waves. The discussion then focuses on the 
co-channel protection difficulties experienced 
with CP antenna-arrays, due to amplitude and 
phase distortions. Representative references 
are listed at the end of this paper, so the 
reader may conveniently interrupt this fast 
guided tour for more detailed studies in select
ed important topics. 

DEFINITIONS 

The electromagnetic field is composed of an 
electric (E) and magnetic (H) fi eld vector. By 
definition, the polarization of the field is 
determined by the direction of the electric field 
vector. In case of linear polarization, such as 
a dipole above ground, the orientation of E coin
cides with the dipole. A horizontal dipole will 
emit horizontally polarized radiation. The ver
tical quarter-wave "whip" generates a vertically 
polarized field. 

While in the case of linear polarization the 
direction of E remains always constant, (Fig. 1-a) 

Fig. 1-a 

in more general condition of circular polarization 
the di~ection of the electric field vector will 
change during each cycle, describing a circle (or 
ellipse) in the plane perpendicular to the di
rection of propagation. (Fig. 1-b). 
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Fig. 1- b 

If the r otation of the electric field vector 
is clockwise, as viewed in the direction of pro
pagation, the polarization is defined as right
hand circular polarization. Similarly, a counter
clockwise rotation of the vector E will result in 
left-hand circular polarization. The FCC has 
ruled that the CP TV transmission in this country 
shall be right-hand circular. 

Actually, circular polarization is very seldom 
circular. Most of the time the rotating electric 
vector will map an ellipse, with a certain minor~ 
to-major axis ratio. (Fig. 2 ). 

y 

Fig. 2 

Major 
8XIS 

The two special forms of the elliptical po
larization are: 

a. The case of linear polarization, when the 
minor-to-major axis ratio is zero, and the 
ellipticity approaches oO dB. 



b. The case of circular polarization, when 
the minor-to major axis is one, and the 
ellipticity is ¢ dB. 

GENERATION OF CIRCULAR POLARIZATION 

Circular polarization can be generated by two 
crossed dipoles, feeding the dipoles with equal 
currents in "phase quadrature". (90° phase dif
ference between the currents). A convenient way 
to achieve phase quadrature is to feed one of the 
dipole s through a cable which is A./4 longer than 
the other feed line. (Fig. 3). 

An other approach requires the physical sepa
ration of the two crossed dipole s by A./4. (Fig.4). 

Fig. 4 

The r esulting field will ~ain be circularly 
polarized. 

A third method is the application of the helix. 
(Figure 5), radiating an unidirectional and cir-

Fig. S 

cularly polarized beam. 

Many other type of CP an~nnas, such as leaky 
wave, slotted line, open waveguide, etc. are fre
quently used in microwave communications or radar 
technology. Their concepts will not be discussed 
in this paper. 
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RECEPTION OF CIRCULAR POLARIZATION 

Utilizing the principle of reciptrocity, the 
antennas shown for the generation of CP transmis
sion could be also used for the reception of CP 
electromagnetic waves. 

As a matter of fact, CP receiving antennas 
have been used for decades in CATV. Not tore
ceive TV signals; but to receive FM signals. The 
popular FM turnstile antenna, Figure 3, operated 
in a planar mode (around the vertical axis), 
exhibits an omnidirectional horizontal radiation 
pattern, -3 dB gain in a single bay, and ¢ dB 
gain in a two-bay, vertically stacked configu
ration. 

The CP rece1 Vlng antenna of crossed Yagis or 
LP antennas, requiring a A./4 phaseshift line 
between the horizontal and vertical bays, are 
operated in the axial mode. The phase lines, 
tuned to a single frequency, usually at the center 
of the frequency range of operation, provide the 
necessary phase quadrature only on that particular 
frequency. Consequently, on any other frequency 
the A./4 line will introduce a moderate or consid
erable phase error. The calculation of gain, ra
diation pattern, beamwidth, or any other important 
performance parameter should use the same equations 
or principals as used in the development of single 
Yagis or LP antennas. 

The helical antenna (helix) has been. proven 
to be a practical and economical approach for pro
ducing circular polarization with excellent direct
ivity, good gain, and a fairly wide impedance 
match. The gain of the helix, using the symbols 
of Figure 6, can be calcula"te d by the following 

Fig. 6 

equation: 

G,. 8.76 +tot._, flf/"· ~s] 
Note, that the above formula is applicable 

only for the axial mode of operation. The ob
tained gain (in dB) is relative to a linearly 
polarized isotropic source , and valid for 0( =12. 5° 
g=0.8A. and d~0.002A.. 

The desirable helical antenna dimensions are : 

9::: 0.85"). 

A,. I.~ 1t 
:p .. .2.. 

7t 



For UHF and VHF high-band application the 
above dimensions are feasable. However, consid
ering the dimensions of the Channel 3 helical an
tenna, where g=l64", A=25'8" and D=6l~", a back
mounted and suitable for orientation helical an
tenna becomes too large (unsafe) for installation 
on the average size CATV tower. 

CP RECEIVING ANTENNA-ARRAYS 

The technical requirements for CP recelVlng 
antenna-arrays are just as stringent as those for 
the CP TV transmitting antennas, First, a CP re
ceiving antenna should receive the CP radiation 
as effectively as possible. In other words: the 
array should have a good impedance match, and po
larization ratio. Secondly, the array should be 
rugged and reliable. Thirdly, the antenna-array 
should provide adequate protection against co
channel interference. 

Arrays of CP antennas require special atten
tion when feeding two or four bays from hybrid 
couplers (two-way or four-way splitters). The 
antennas must be paired in the proper sense 
(right-hand). If not, the array will operate in 
a linear mode of polarization, or worst yet, may 
work in a left-hand CP mode, and not receive the 
right-hand polarized TV transmission at all. 

GHOST REDUCTION 

The primary objective of the circularly pola
rized TV transmission is the elimination (reduc
tion) of ghosting. Consider the case of a typi
cal ground reflection problem, as illustrated in 
Figure 7. 

..... 
' ',.,. I. AI< E. 
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Fig. 7 

A right-hand CP signal arrives from the left, 
suffering a total reflection from the surface of 
the lake. Note that the vertical component of the 
field has not changed in magnitude or in phase. 
However, the horizontal (H) component has suffered 
a 180° phase-shift. Consequently, the sense of 
polarization of the reflected wave changed to left 
hand, which cannot be received by the right-hand 
polarized CP receiving antenna. Circular pola
rization develops immunity against ghosting which 
is generated by off-the-air reflections. 

Note: Should the TV transmission be polarized 
elliptically, which is actually an imperfect cir
cular polarization, the cancellation of the re
flection will be limited, depending on the axial 
ratio of the polarization. 
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CO-CHANNEL PROTECTION DIFFICULTIES 

The reduction or elimination of ghosting is a 
highly desirable objective, achieved by the appli
cation of CP receiving antenna-arrays. However, 
the other paramount requirement, adequate co-chan
nel protection, must not be sacrificed. 

Co-channel interference protection is basi
cally an antenna radiation pattern problem. What 
really counts is the horizontal (E) plane pattern 
of the receiving array, no matter whether the TV 
transmission was horizontally, vertically or cir
cularly polarized. 

The creation of deep and accurately placed 
(relative angle) null requires: 

a. Absolute symmetry of the radiators 
b. Freedom of reflections 
c. Frequency independent phase-shift. 

The radiators (antennas) of the array must 
provide equal amplitude signals to the combiners. 
For instance, a 30 dB deep null 40° off the main 
beam requires less than 0.35 dB amplitude differ
ence between the two sides of the horizontally 
stacked two-bay array. It is suggested that an
tenna models, although identical, but produced at 
different times, should not be considered for 
array application. 

Antenna-arrays are usually tested under "free 
space" conditions on the manufacturer's antenna 
test range. In the real world of CATV, diamond 
antenna-arrays are always mounted on tower legs 
(36" to 4o" face towers), and supported by long' 
(resonating) crossarms. Quad-arrays of Yagis are 
generally antenna-gate mounted, which have long 
horizontal and vertical bars. Consequently, the 
antenna-arrays are exposed to reflections, gener
ated by the cross-bars of the tower, the tower 
legs, crossarms, antenna-gates or booms, micro
wave reflectors, or any other CATV antenna-arrays, 
mounted unreasonably close to each other. The re
flections cause amplitude and phase cancellations. 
The effects are unpredictable and difficult to 
calculate . 

The third disruption of the optimum radiation 
pattern performance is caused by the ~/4 phase 
quadrature line, which is frequently dependent. 

Numerical values of phase errors, as function 
of frequency (channel) of operation are given in 
Table 1. 

LOW-BAND LP ANTENNA 
PRASE-LINE TUNED TO CH 4 

HIGH-BAND LP ANTENNA 
PHASE-LINE TUNED TO CH 10 

CHANNEL 

2 
3 
4 
5 
6 

7 
8 
9 

10 
ll 
12 
13 

PRASE ERROR 

20.0° 
9.2° 
0.0° 

11.3° 
17.0° 

8.o0 

5-3° 
2.4° 
0.0° 
2.4° 
5·3° 
8.0° 
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mounted and suitable for orientation helical an
tenna becomes too large (unsafe) for installation 
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The technical requirements for CP recelVlng 
antenna-arrays are just as stringent as those for 
the CP TV transmitting antennas, First, a CP re
ceiving antenna should receive the CP radiation 
as effectively as possible. In other words: the 
array should have a good impedance match, and po
larization ratio. Secondly, the array should be 
rugged and reliable. Thirdly, the antenna-array 
should provide adequate protection against co
channel interference. 

Arrays of CP antennas require special atten
tion when feeding two or four bays from hybrid 
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(right-hand). If not, the array will operate in 
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A right-hand CP signal arrives from the left, 
suffering a total reflection from the surface of 
the lake. Note that the vertical component of the 
field has not changed in magnitude or in phase. 
However, the horizontal (H) component has suffered 
a 180° phase-shift. Consequently, the sense of 
polarization of the reflected wave changed to left 
hand, which cannot be received by the right-hand 
polarized CP receiving antenna. Circular pola
rization develops immunity against ghosting which 
is generated by off-the-air reflections. 

Note: Should the TV transmission be polarized 
elliptically, which is actually an imperfect cir
cular polarization, the cancellation of the re
flection will be limited, depending on the axial 
ratio of the polarization. 
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highly desirable objective, achieved by the appli
cation of CP receiving antenna-arrays. However, 
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For instance, a 30 dB deep null 40° off the main 
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ence between the two sides of the horizontally 
stacked two-bay array. It is suggested that an
tenna models, although identical, but produced at 
different times, should not be considered for 
array application. 
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generally antenna-gate mounted, which have long 
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quadrature line, which is frequently dependent. 
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As an other example, consider the problem of 
determining the effect of varying amplitude and 
phase on the far-field radiation pattern of a 
four-bay, horizontally stacked antenna-array, 
designed for 10° and 21° co-channel angle pro
tection. (H=2.8~ and H=l.4~). 

The array factor; expressed for even number 
radiators: 

E. ,.. i r~ Q." ( ~- o.!iJ~] 
N L'.., 

where: N = number of radiators (antennas) 

~ = 2. 1r ~ si" e + rl' 

e= the angle to the normal of the array
axis 

a-= the amplitude of the n-th radiator 

cf= relative phase-shift between radiators 

~ wavelength 

In a horizontally stacked antenna-array the 
relative phase-shift between adjacent elements 
must be: 

to ascertain the main beam of the radiation 
pattern normal to the array-axis (at 60 ). 

Substituting d into 'f' 

o/ = 2~ d ( .si.n e - si" e,.) 
The calculated radiation pattern of the four

bay antenna-array, assuming 0° phase-shift and 
0 dB amplitude variation is shown by the solid 
curve of Fig. 8. 
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0.1dB AMPLITUDE, 1° PHASE 

o.zdB AMPLITUDE 1 2° PHASE 

o.3dB AMPLITUDE, 3° PHASE 
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Fig. 8 
The various dashed lines exhibit the distort

ed radiation patterns resulting from moderate 
phase and amplitude errors. 

As illustrated, the deviations from the error
free condition generate no serious variations in 
the amplitude of the shoulders. However, the 
shifts in the radiation pattern nulls must not be 
neglected. 
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DEVELOPMENTAL APPROACHES FOR AN EXISTING CABLE SYSTEM 

FERNANDO CICCONE 
DEAN ADRIAN 

MANHATTAN CABLE TV 
NEW YORK, NEW YORK 

The paper will present, with the aid of 
audio-visuals, an analysis of the development of 
Manhattan Cable TV's programming effort, and the 
technical requirements needed to implement that 
effort. 

A brief history of our unique system will be 
followed by a discussion of the new demands placed 
upon us, focusing particularlv on those demands 
pl~ced upon the Transmission facility. 

More frequent program switching to accomodate 
a heavier programming schedule, which :iucludes 
Public Access, Leased Access, Municipal, Sports, 
and Special Event programs, plus promotional 
material, graphic interludes between these pro
grams, and commercial inserts, will be required 
over 10 channels. In addition, more system-wide 
signal routing and switching capability is re~ 
quired to accomodate a growing number of remote 
sources that wich to feed live programming over 
the Cable system. 

In conclusion, we will discuss the ways 
that each of our growth problems are being dealt 
with within our 10 year system. This includes 
partial automation, portableinfrared links, and 

signal processing equipment. 

The subject of this report is the parallel evolu
tion of programming concepts and hardware imple
mentations at Manhattan Cable TV. This represents 
one area of development out of several currently 
going on at our cable system. 

The initial concern of Manhattan Cable TV's 
efforts in New York City was to deliver better 
reception than over the air television, with 
little or no emphasis on originating programming. 
However, the franchise agreement stipulates that 
channels must be allocated for Public and Muni
ciple access. The company set up a transmission 
facility in its business offices on 23rd Street, 
downstream from the headend. The purpose of this 
facility was to play tapes submitted by Manhattan's 
citizens for non-commercial Public Access cable
casting on a first come first served basis. The 
initial equipment was minimal, consisting of a 
few Sony >," decks to accomodate the porta-pak 
material we were receiving. A small black and 
white studio was established with support from 
Manhattan Cable TV in a building next door. The 
studio, owned and operated by an independent non
profit organization, enabled producers to feed 
live programming and make studio recordings. 
There were some channel interconnects set up for 
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Public Access between Manhattan Cable TV and 
Teleprompter Manhattan Cable TV in upper Manhattan, 
so that producers desiring to do so, could reach 
the entire borough. This interconnect is an RF 
switching system at the headend at 59th Street, 

controlled remotely by the Transmission room at 
23rd Street. 

This initial effort was met with enthusiasm 
and success. The amount of programming material 
began to grow, and many individuals turned their 
attention, full or part time, to being Access 
producers. Most turned out regularly scheduled 
series programs, and many of these producers are 
still with Manhattan Cable TV today. Soon, this 
escalation in programming began to define itself 
into specialized categories. A variety of ethnic 
programming appeared. Ethnic programming is 
economically feasible in New York City.because 
of its many diverse ethnic communities, 

On the Municipal side, one of Manhattan's 
Community Boards, Community Board 8, began to 
produce a monthly series based on their meetings. 
Manhattan's two city Councilmen-At-Large also 
started a regular series. Both of these programs 
were designed to increase participation in and 
awareness of local government. 

Some Access producers, who had been parti~
ulary dilligent about their programs, wanted to 
see if their shows were commercially viable. 
Manhattan Cable TV tried, with its producers, to 
explore the commercial potential of the system. 
For a nominal fee, the company leased time to 
those producers on a commercially designated 
access channel. In turn the producers were able 
to sell advertising on their programs. Because 
of the increased credibility of Access, 
Municiple, and Leased programs, image quality and 
audio quality became more critical. Manhattan 
Cable TV responded to this need by the construc
tion of its present transmission room and by 
participating in the construction of a second 
studio, origionally called Automation House and 
now called the Center for Non-Broadcast 
Television. 

The new transmission room was built in a 
larger area, which gave us more flexibility. We 
expanded to twelve decks, six>," and six 3/4". 
Three time base correctors were added to stabi
lize many of the tapes played on the system. Our 
new verticle interval switcher gave us a single 
memory capacity, which allowed us to start the 
programs on our channels at the same time. lve 



also had the ability to switch the Center for 
Non-Broadcast Television studio, located on 
East 68th Street, onto the cable system, with 
the same RF switching system that allows 
Teleprompter Cable programs to be placed on 
our system. 

The construction of the transmission 
facility, and in part, the 68th Street studio, 
was to accomodate the programs on the Public 
Access channels C and D, the Leased Access 
channel J, the municipal channel L (for which 
the Center for Non-Broadcast Television studio 
was mainly set up), and some alphamumeric 
channels. However, there have been considerable 
programming advances since the time of this last 
reconstruction which put demands on the room 
to the limit of what it was originally designed 
to handle. 

Crucial to this development has been the 
introduction of low cost techniques for instant 
remote location programming from anywhere in 
Manhattan Cable TV's franchise area. Two artists 
working in the field of experimental television 
were the first to exercise this remote capability 
and did so on the Public Access channels. One 
artist desired to cablecast a real time mixture 
of two live sources and one tape source originating 
from the Whitney Museum of American Art on Madison 
Avenue and the Center for Non-Broadcast Television 
on East 68th Street. The signal from the Whitney 
Museum had to be delivered to the 68th Street studio 
to be mixed and from there we could switch the 
signal on the system via RF switching at the headend. 
Our problem was to bring the signal from Madison Ave. 
to East 68th Street. At the roof of the Whitney 
~useum we placed an infrared transmitter and beamed 
the signal to the Westbury Hotel on Madison Avenue 
between 70th and 69th Streets. From there, the 
signal was transferred to another infrared trans
mitter and sent to the studio. Infrared links do 
not have a considerably long over the air transmission 
range, but they are adequate enough to deliver a 
signal to the nearest cable drop somewhere in the 
city. In addition, the infrared links are not under 
FCC jurisdiction and are available at fairly low cost. 

The second use of these links was part of a 
more involved project that was, in effect, a two way 
satellite hookup between New York and California. 
This was also a project produced for Public Access. 
A truck with a microwave dish was set up on the out
skirts of lower Manhattan in a land fill region. The 
dish picked up the satellite signal from California 
and then relayed it from the landfill region to the 
cable system. The infrared link, had to send its 
signal around a corner to the nearest Cable_drop. 
Adjacent to the cable drop , Manhattan Cable 
TV had a truck with an infrared receiver, picking 
up the signal and modulating it on the system. 

In our earlier development , we saw how a 
programming concept such as Public Access and Public 
Leased Access led to our investment in more hardwar,; 
now our hardware was showing us the limits we can 
carry our software concepts to. These experiments 
with handling remote feeds has given us incentive 
and training for handling our ow~ remote feeds to 
bring in advertising dollars. MaDhattan Cable TV's 
first major remote was live coverage of the New York 
City Marathon on which we sold advertising. We also 
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have remote feeds from Madison Square Carden and 
Nassau Coliseum feeding sports programs to the 
Transmission room where commercials are inserted 
and transmitted on the system. Our involvement 
with selling time during the sports programs 
required us to program two more channels. 

With advertising and promotional material 
our tape load has increased considerably over the 
past year. We are now in the process of again 
rethinking our transmission facility. cull 
automation for switching is now needed. This 
proposed system will pre-roll our decks and send 
their signals to the appropriate channels. In 
addition it will mix audio, saving the operator 
the problem of scrambling to check the pots on 
10 channels of audio. Of course having an 
automated switcher that will switch some 25 
3/4" helical decks onto the available TBC 
presents its own particular problem. We have 
to route back advance vertical sync from the 
TBC to the deck we are using and also 358 feed
back if we wish to go direct color for maximum 
picture quality. We are currently preparing a 
rebuild of this nature. 

Our experience running transmission from 
early Public Access programming to our present 
situation outlines a logical parallel growth in 
equipment investment and programming plans. An 
idea came first, then some hardware. With the 
hardware, we were able to go beyond the original 
idea. This would lead to other programming ideas 
and then more equipment to handle these ideas 
properly. This process will eventually level 
off when our technical operation can accomodate 
a greater programming effort, which will be 
d"'peodPnt t~nn hovl eff·;r < f'tlt L )' •·Je "an integrate 
adv~rtising into our system. 



DIAGNOSING CABLE SYSTEM FAULTS 

KENNETH L. FOSTER* 

NYS COMMISSION ON CABLE TELEVISION 
ALBANY, NEW YORK 

ABSTRACT 
There is a lack of technical inform

ation within the industry. This is par
ticularly true of material for technician 
training. The most effective tool with 
which to ensure the delivery of the high
est quality pictures is a well trained 
technician. 

The New York Commission on Cable TV 
has produced a video tape which simulates 
system technical problems. The tape does 
not establish optimum ratios of noise or 
distortion. It displays distortions at 
levels that allow easy recognition of 
specific problems and shows distortion 
levels at FCC and CRTC standards. 

The paper will discuss the tape, its 
uses in training, and the techniques used 
in its production. 

BACKGROUND 

For nearly five years the staff of 
the New York State Commission on Cable 
Television has traveled throughout the 
state utilizing a specially equipped test 
van in a program of testing and evaluating 
cable system performance. In that time 
over 300 tests of operating systems have 
been conducted. The Commission's Tele
communications Division staff has become 
acquainted with many cable system tech
nicians and in the process of evaluating 
system performance has, coincidentally, 
evaluated many technicians. 

The Commission has sponsored three 
major technical seminars which have 
attracted more than 350 technicians. 
Additionally, six regional seminars have 
been conducted with over 150 technicians 
attending. After each seminar a critical 
evaluation of the program has been done to 
determine the effectiveness of the seminar 
in terms of technical levels for future 
seminars. 

* The views expressed in this paper are 
those of the author and do not necessarily 
represent those of the New York State 
Commission on Cable Television. 
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In filling positions in the Tele
communications Division, the Civil Service 
Department administered written examina
tions to determine the abilities of appli
cants for the positions. One of the 
positions is equivalent to that of a chief 
technician in a large cable company; 
the other, that of a senior technician, 
capable of headend, trunk and feeder 
maintenance. Questions for the ex
amination.were solicited from the cable 
industry, manufacturers,and training di
rectors of various companies. Addition
ally, use was made of questions published 
as a result of the SCTE 300 Project. In 
addition to operational and maintenance 
questions, a section of each examination 
was devoted to basic electronic theory. 
The results of these examinations were 
carefully studied. It was concluded that, 
despite an entrance requirement for the 
examination of a minimum of three years 
experience, many of the candidates earned 
failing, or near failing, scores. 

In June, 1977, at the third annual 
New York Commission technical seminar in 
Albany, the Commission exhibited a video 
tape constructed to graphically display 
some common cable system faults. The tape 
was brief and to the point. Many of the 
technicians who saw it realized that they 
had not known the difference between cross
modulation and co-channel or inter
modulation. 

It was not difficult to conclude that 
there exists a great need for technical 
education. Here is an industry utilizing 
very sophisticated hardware and techniques 
for signal transmission. In an industry 
that demands broadband performance that 
makes baseband video engineering look like 
childs play, the equipment is often main
tained by persons who do not have the 
slightest idea of how to apply Ohms Law 
and cannot recognize the most common 
cable system faults. 

The above is not a completely fair 
assessment of the technical capabilities 
within our industry. There are many excel
lent people in cable. Virtually, all of 
them are self-taught. Fortunately, these 



persons share their knowledge with others 
in seminars, at conventions, and in too 
few publications. It is unfortunate that, 
when sharing, the assumption is made that 
the audience is technically sophisticated. 
Our experience indicates that such is not 
the case. 

If there is to be an indictment, it 
should not be of the technical personnel 
in cable system operation, or those few 
who are expert but cannot be everywhere. 
The educational system has not fully re
cognized the need for technical programs 
in cable, the industry has not been insis
tent in demanding good educational pro
grams, and industry management has not 
been overly enthusiastic in its training 
efforts. 

Having recognized the problem, it be
came our task to assist in correcting it. 
It is not the purpose of this paper to fix 
the blame, but to attempt to fix the pro
blem. Regardless of the existence of 
technical performance standards at vari
ous levels of government and the.enforce
ment thereof, the most effective tool to 
ensure optimum picture quality is a well 
trained technician. Having reached that 
conclusion, the decision was made to pro
duce an audio-visual training aid which 
could be made available to cable system 
operators at low cost. Cassette video 
tapes appeared to be the most viable 
delivery method. 

Industry Support 

The production of the tape would have 
been delayed for many months had it not 
been for the enthusiastic support of the 
cable industry and manufacturers of test 
equipment.l/ The Society of Cable Tele
vision Engineers provided a grant to par
tially defray production costs. Tektronix, 
Inc. and llewlett-Packard provided test 
instrumentation and a precision demodula
tor. Scientific-Atlanta, Inc. supplied a 
modulator for the RF television channel 
used. The New York Network production 
facilities were used to produce the studio 
pictures and to record the quad high-band 
master tapes. 

Educational Goal 

The video tape has been produced to 
graphically show various distortions and 
interferences common to cable television 
distribution systems. The tape offers 
suggestions with respect to poysible cor-

The use of various manufacturers prod
ucts in the production of the video 
tape does not constitute an endorsement 
of those products by the New York State 
Commission on Cable Television. 
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rective actions that may be taken to re
duce or eliminate the problem. To that 
end, each section of tape begins with 
severe distortion. Thus, the technician 
viewing the tape can clearly see the ef
fects of the distortion on the picture. 
The various distortions are then reduced 
to ratios specified in two well known 
national standards.2, 3/ No effort was 
made to determine which standard is more 
appropriate, nor is any attempt made to 
determine the optimum levels of degrada
tion. A large body of work has been done 
with respect to subjective picture evalua
tion and optimum distortion ratios. The 
thrust of this tape is to show what the 
distortions are and not what they should 
be. However, should the reader wish to 
delve into that subject, a short biblio
graphy is appended to this paper for re
ference. 

The narrative which accompanies the 
video presentation is not in precise 
engineering terms. However, it will not 
mislead the viewer. Having evaluated the 
technical level at which we find many 
cable system technicians, we have deter
mined that precise technical terminology 
must give way to a clear understanding of 
the problems depicted. 

Application of motion and "busy" 
scenes in the tape was deliberately limit
ed. While it is true that few still pic
tures are broadcast, for purposes of 
clearly showing the effects of the various 
distortions, it was decided to concentrate 
on showing the distortions without a back
ground which might interfere with the 
learning process. 

The brief discussion of probable 
causes for the distortions depicted in 
each section of the tape does not include 
all possible sources of operational pro
blems. To do so would require many hours 
of tape. The more common causes are 
briefly discussed with the view towards 
initiating some thinking in the trouble
shooting process that will soon discover 
the problem source. 

The tape may be used for enforcement 
in formal training sessions, or it may be 
offered to technicians for individual 
study. Of course, it would be best to 
have a knowledgeable person available to 
answer any questions which may arise as a 
result of viewing the tape. 

~ Federal Communications Commission Rules 
and Regulations, Sub-part ~· Section---
76":"605. 

~/ Canadian Radio and Telecommunications 
Commission, BP-24. Broadcast Proce
dures for Cable Systems w1th Augmented 
Channel Capacity. 



The tape, in cassette form, will be 
available at reasonable cost from the 
Society of Cable Television Engineers. 

Video Tape Program ~ections 

The video tape is segmented for ease 
in identifying various distortions and to 
provide the viewer with a standard test 
signal with which to adjust his television 
receiver for optimum performance. The 
segments are as follows: 

a) Introduction and instruction on 
receiver adjustments using mono
chrome gray scale and NTSC color 
bars. 

b) The broadcast television signal. 

c) The baseband video signal. 

d) Carrier-to-noise presentation. 

e) Co-channel Interference. 

f) Electrical Interference. 

g) Hum modulation. 

h) Intermodulation interference, 

i) Ghosting and reflections. 

j) Cross-modulation interference. 

k) Video baseband distortions. 

How we made the tape 

The television baseband signals, 
whether from the live studio cameras or 
from a film chain, were split at the 
respective camera output; one signal be
ing fed to the studio switcher through a 
video delay line, the other through the 
mod/demodulator combination. Figure I 
shows the interconnection of the various 

devices. Of course, the devices were not 
simultaneously connected to the signal 
path. 

Receiver Set-up 

The first two sections of the tape 
deal with the proper set-up of the viewers 
television receiver. The user is "talked" 
through the monochrome set-up utilizing a 
standard five step gray scale. We chose 
to leave nothing to chance in the color 
section. The correct color name of each 
bar was keyed over its respective bar. 
The user is then "talked" through the 
appropriate adjustment of the color 
controls on the receiver. 

Broadcast Television Signal 

The television broadcast channel 
bandwidth is displayed as the ideal curve 
from the FCC broadcast rules. A brief 
discussion of the method of broadcasting 
the signal follows. The channel is then 
presented as it is seen on a spectrum 
analyzer. 

The baseband video waveform is de
picted showing the video waveform contain
ed in the FCC broadcast rules. This is 
followed by a view of a waveform monitor. 
A brief discussion follows regarding what 
the synchronizing pulses are intended to 
accomplish. 

Signal-to-Noise Ratios 

Noise at various ratios was added at 
RF at the output of the modulator. This 
simulates a single channel being added to 
a broadband system. The noise added was 
essentially "white" over the frequency 
range of 40 to 300 MHz. The noise genera
tor output was fed through a step attenua
tor to control injection levels. 

VIDEO 

>---------------------------~~-L~---------------------~-1 CAMERA> '~Q•v>- ~ l 
ADVANCED ~ >>----J> ( 

VIDEO ) 

FIGURE EQUIPMENT LAYOUT 
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Co-channel Interference 

The generation of co-channel inter
ference required both a stable TV channel 
modulator and a precise, stable and 
easily controlled sine wave generator. 
The generator was expected to maintain 
10 to 20 kHz off-sets for the period re
quired to show both the effect on a TV 
picture of the interference and on a 
spectrum analyzer display. The purpose 
of showing both plus and minus co
channel was to alert the technician that 
the width of the interfering co-channel 
bars and the direction of movement 
through the picture was a clear key to 
the identification of the interfering 
station, without the use of a spectrum 
analyzer. 

Electrical Interference 

Display of electrical impulse noise 
required that a special circuit be de
vised to generate fast rise-time random 
electrical pulses. The circuit of Figure 
II solved the problem. No attempt was 
made to specify the absolute levels of in
terference, since noise of this type is 
very difficult to measure. In any event, 
the test equipment owned by the average 
cable system cannot measure the peak 
power of these pulses. 

RF OUT 

_1_ 

IMPULSE NOISE GENERATOR 

FIGURE 2 

Hum Modulation 

Depicting hum modulation presented a 
unique problem. Present production video 
switchers are not designed to accommodate 
r.on-composite video inputs. Therefore, 
adding hum to the camera output would be 
meaningless, since the clamping circuits 
in the switcher would remove much of the 
added hum. Any residual hum would effec
tively be removed by the quad video re
corder. Thus, any hum added at the 
switcher input, or camera output, would 
not be present in any tape copies. 
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The solution appeared in the form of 
a sync and blanking adder commonly used in 
television broadcasting for the addition 
of composite sync and blanking to sweep 
generators in sweeping transmitter cir
cuits. 

Hum was introduced to the sync and 
blanking adder as a video signal. After 
addition of composite sync and blanking, 
the hum signal was mixed with a camera 
signal in the switcher. Since the sync 
contains no hum, the switcher clamp cir
cuits and the video recorder correction 
circuits see clean sync and the hum on 
the picture remains untouched. 

Intermodulation 

The section on intermodulation does 
not attempt to show composite triple
beats. The single frequency discrete 
interfering signal has been defined and 
specified in FCC and CRTC regulations and 
in some state regulations. It is a 
discernable and measurable interference, 
thus it was chosen to be shown. The tape 
narrative discusses composite beats, but 
the complexity of the topic is beyond the 
scope of this tape. 

The interfering signal is injected at 
RF as shown in Figure I and the demodu
lated pictures are then recorded. Several 
frequencies and levels are shown. 

Ghosting 

The Ghosting Generator shown in fig
ure I is a simple RF delay line to which 
is fed an output of the modulator. A 
level of insertion of the delayed signal 
is chosen to clearly show the ghost. The 
narrative discusses variou~ causes of 
ghosting and direct pick-up and the dif
ference in appearance. 

Cross-Modulation 

Modern cable systems do not display 
cross-modulation until other severe inter
modulation distortions have effectively 
taken the system out of service. The 
difficulty of producing cross-modulation 
in an amplifier without generating other 
spurious signals led us to simulate the 
effect. 

Two video signals were introduced at 
the video switcher input. One was locked 
to studio sync, the other was a "wild 
track". The wild track was mixed with the 
locked signal to produce the cross-modula
tion effect. Thus the tape shows video 
cross-talk rather than cross-modulation. 



Video Distortions 

The video tape shows the effects of 
two baseband video related problems which 
can be caused by signal processor design 
or alignment, and by filters, i.e.: band
pass, bandstop or cross-over filters in 
bi-directional systems. 

Poor frequency response at the pro
cessor or antenna, or "suck-outs" on 
cable, may reduce the color carrier to a 
point where the color on receivers is 
low or "washed-out". The effect on the 
received picture is shown by introducing 
a baseband processing amplifier into the 
video from the demodulator and reducing 
the chroma information. 

Chroma/liminance delay distortion, 
or "funny paper" effect, is generated and 
displayed on a receiver. No attempt is 
made to show measured chroma/luminance 
delay distortions. 

A Tektronix Chrominance/Luminance 
Delay Corrector was inserted in the base
band video path, then misadjusted to show 
the effects of such delay distortions on 
the received picture. 

A third form of baseband video dis
tortion also can occur at RF in the signal 
processors. Should the RF visual carrier 
envelope be clipped or limited, the sync 
pulses will be distorted. Sync level re
duction and ringing are the result of RF 
clipping of the visual carrier. This, in 
turn, causes receiver picture instability. 
The effects are discussed on the tape. 
However, the distortions are not shown. 

Sununary 

The New York State Commission on 
Cable Television and the Society of Cable 
Television Engineers, in recognizing the 
need for technical education and train
ing, have produced a video tape which is 
designed to assist the cable technician 
in recognizing the various distortions 
which may occur in cable distribution sys
tems. The tape is designed to permit the 
trouble-shooting of a distribution system 
utilizing a very common and very sensitive 
test instrument-a television receiver. 

The tape is intended to be used in 
formal training sessions, either as the 
primary topic or as a re-enforcement tool 
in structured lectures. It also may be 
used for individual study. Because it is 
in cassette video tape format, it is in
expensive and very portable. It repre
sents a first step in what is hoped will 
be a major effort to train technicians. 
Distribution of the cassette tapes will 
be handled by the Society of Cable 
Television Engineers. 
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For in-depth discussions of the 
various topics discussed in this paper, 
the reader is referred to the bibliogra
phy which follows. 
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FROM SATELLITE TO EARTH STATION TO STUDIO TO S-T-L TO MDS TRANSMITTER TO THE HOME; 
PAY TELEVISION COMES TO ANCHORAGE, ALASKA 

Richard L. Vega 

Telecommunications Systems, Inc. 
Baltimore, Maryland 

This paper presents the technical and 
operational considerations associated with a 
new, and unique, Pay Television service 
recently introduced into the Anchorage, Alaska, 
marketplace. The pay service incorporates the 
delivery of various programming sources via 
satellite, earth station design, studio origi
nation system design and operation, inter
connection of the studio with the distribution 
medium via point-to-point microwave (studio
transmitter-link), and the delivery of the pay 
product to the subscriber in the single family 
dwelling via the common carrier facilities of 
a Multipoint Distribution Service (MDS) 
microwave station. System design parameters 
and daily operational procedures will be 
discussed in depth as well as the first wide
scale utilization of a MDS facility to serve 
the private home marketplace with a pay 
channel. 

It was at the NCTA convention in Chicago 
that Telecommunications Systems, Inc. (TSI), a 
Baltimore based communications and consulting 
engineering company, operating its own Multipoint 
Distribution System (MDS) properties, reached a 
preliminary agreement with two individuals who 
were committed to the idea of bringing a quality, 
premium programming package to Anchorage, Alaska. 
The TSI role was to be general technical con
sultants, systems designer, overall supervisor 
of equipment installation as well as start up, 
and to assist with the initial retail marketing 
program. 

Along with the usual technical challenges 
that such a project presents, bringing Pay 
Television to Anchorage, Alaska also traversed 
some sticky political problems which I will just 
briefly mention throughout the course of this 
paper because of their intrinsic value to any 
pioneer bold enough to do a number of things 
first within a short time period. 
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The first chore was to arrange for the 
receipt of programming material. The first 
technical challenge came during the design of 
the earth station facility itself. Visions, Ltd., 
the pay programmer, had established its offices 
in an industrial park in the center of the 
municipality of Anchorage. It was their desire 
to locate the earth terminal adjacent to their 
offices which would also contain their studio 
complex. Because RCA Alascom had, over the 
years, utilized terrestrial microwave communi
cations systems throughout the State of Alaska, 
we were not able to frequency coordinate a 
receive antenna for the desired location 
because of its proximity to downtown Anchorage. 
Parabolic dishes as large as 12 meters could 
not be utilized. Rather than forfeit the pro
motional benefits of a centrally located earth 
station clearly visible to all of the Anchorage, 
population, Visions elected to utilize an 
Antennas for Communications (ATC) CH-14M conical 
horn antenna. This would be the first known 
application of a conical horn antenna for Pay 
Television purposes anywhere. The antenna is 
of one-piece fiberglass, with a cloth radome, 
and measures approximately 37 feet from top 
to bottom. The diameter of the horn is 14 feet. 
The manufacturer provides the following specif
ications relative to the CH-14M: 

Gain - 43.5db at 4GHz 
Frequency Range - 2-20GHz 
Noise Temperature - typically 20K@ 4GHz 
(not including Galactic noise) 
Design Windload - 125 mph 

It was determined that the horn reflector 
antenna would perform at the lowest side lobe 
levels of any type of parabolic antenna. 
Additionally, the horn reflector antenna will 
perform at the lowest wide-angle side lobe levels 
thereby permitting frequency coordination of 
the earth station in downtown Anchorage despite 
the neighboring terrestrial microwave systems 
operated by RCA Alascom. 

Visions decided to establish a system 
capability so that a full programming package 
inclusive of Home Box Office, Madison Square 
Garden, and WTCG/Channel 17 could be provided 
to their potential subscribers. Unfortunately, 
the Home Box Office footprint from the primary 



satellite, RCA SATCOM II, had the poorest signal 
strength in Alaska. Minimum system design 
objectives of 50db ("clear day" signal-to-noise 
ratio at the video output) and a carrier-to-noise 
ratio of 12db at the receiverinput were establish
ed. To satisfy these objectives as we6l as pro
vide for "worst case" conditions, a 48 K para
metric preamplifier, manufactured by AIL, was 
selected; as a backup, a GasFET low noise amp
lifier with a noise temperature of 90°K was also 
selected. Three Microdyne receivers, one tunable 
and two fixed, were selected for the purpose of 
being able to handle a minimum of two channels 
simultaneously with backup capabilities. 

On July 15, 1977 attorneys for Visions, 
Ltd. filed their earth station application with 
the Commission. 

Up to this point, I have not mentioned 
the method of distributing the signal to the 
potential subscribers subsequent to receipt of the 
programming material via the satellite. After 
all, there isn't a cable system within 200 miles 
of Anchorage and, of course, little time to build 
one. The owners of Visions had considered the 
possibility of building a cable system but 
abandoned the idea because of time and cost 
factors as well as the fact that broadcast signals 
are readily available off-the-air to the home 
from the three commercial television stations and 
the PBS station located within Anchorage. Having 
been introduced to the capabilities of MDS, 
Visions had earlier embarked on an analysis to 
determine if MDS could fulfill their needs as 
the distribution medium for their programming 
package. Their investigation came at a time when 
MDS technology was advancing rapidly and lower 
cost receivers were being introduced by several 
manufacturers that would permit the private home 
marketplace to be economically served by MDS; 
at least this conclusion held true for Anchorage, 
Alaska. The Anchorage population is ideally 
located for service by MDS. Its 200,000 plus 
population all reside on a relatively flat piece 
of land approximately 10 miles in radius having 
a high soil content of peat. Peat keeps the 
foliage in the area to a minimum; well below 
roof level in most circumstances. The MDS 
operator in Anchorage had located his tran~mit 
facility on a nearby mountain thereby plac1ng 
his transmit antenna over 2,000 feet above the 
average terrain of the Anchorage metropolitan 
area but only 8~ miles from the population cent
riod. Adequate signal-to-noise ratio (S/N) could 
be obtained at receive sites incorporating the 
lower cost MDS down-converter/antenna as the fol
lowing path loss analyses indicates: 
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Parameter Receive Antenna Gain (db) 
16 20 

Operating Freq. (MHz) 2154.75 2154.75 
Free Space Path Loss-
8.5 miles (db) 122 122 
Transmission Line Loss(db) 1 1 
Field Losses/Fade Margin 5 5 
Antenna Gain 

Transmit 16 16 
Receive 16 20 

Net Path Loss (db) 96 92 
Transmitter Power (dbm) 40 40 
Received Carrier Level(dbm) -56 -52 
Receiver Sensitivity 
(dbm; 8db noise figure) -98 -98 

S/N Ratio (db) 42 46 

The output power of the transmitter was later to 
be increased to 50dbm in order to provide service 
to that segment of the Anchorage population 
located within "holes" or shaded areas. The 
MDS transmitter would also later be inter
connected with the Visions studio by an 11GHz 
studio-transmitter-link utilizing a Farinon 
transmitter/receiver. The STL path is approx
imately 8 miles. 

Having filed its application to construct 
an earth station and having obtained the air-time 
from the MDS operator in Anchorage, the next 
major task was to determine programming so a 
studio may be designed providing the capability 
to construct a high quality premium programming 
package. The emphasis was on "live" premium 
television. The Anchorage population previously 
had 1 ittle access to "live" programming from 
outside of Alaska. Most near-real-time events 
were tape delayed; even Monday night football. 
Network programming was provided on a delayed 
basis anywhere from one to three weeks depending 
on the particular network involved. Therefore 
Visions chose to construct a programming package 
that was truely unique and not necessarily an 
alternative based upon the obvious deficiencies 
of the local Alaska braodcasters when compared 
to the "lower 48" broadcasters. Another signi
ficant consideration was the Anchorage time 
differential with regard to events occuring in 
New York City, Las Vegas, or California. 
Anchorage is five hours earlier than Eastern 
Standard Time and two hours earlier than Pacific 
Standard Time. Therefore it was decided that 
the greatest flexibility in the construction 
of a truly high quality programming package was 
to provide the capability for taping the incoming 
program material for retransmission at the most 
convenient time period for the viewer in 
Anchorage. After obtaining the necessary taping 
permissions, HBO would be seen at the same time 
in Anchorage as it is elsewhere; namely, the 
prime 6:00pm to midnight period. "Live" events, 
which may be originating in Madison Square Garden 
at 8:00pm New York time, could now be shown "live" 
in Alaska at 3:00pm, Anchorage time, without the 
necessity of preemption. 



The Visions desire for a high quality pro
gramming package containing a mix of all available 
product dictated the capability which their studio 
complex required. Seven (7) Sony V0-2800 video 
tape recorders/playback machines were utilized as 
the heart of the origination center. All seven 
machines would be automatically pre-programmed 
and controlled for all functions including record 
and playback by a Digitrol II microprocessor. To 
best explain the design and the capability of 
the system, I will describe to you a typical 
programming day. The Visions program guide for 
Friday, December 30, 1977, listed the following 
program menu for the day: 

12:30 pm 

(LIVE) 2:3Cl pm 

Scream Theatre 
"The Human Monster" 
NBA Basketball 
New Orleans Jazz vs. N.Y. Knicks 

5:00 pm "Part 2 Sounder" 
7:00pm "Inside the NFL" 

HBO 8:00pm "Birch Interval" 

2:00 am 

4:00 am 

10:00 pm "A Clockwork Orange" 
12:30 am "Casino De Paris" 

Visions Blockbuster 
"Dog Day Afternoon" 
Visions Blockbuster 
"Shampoo" 

The above programming schedule would be accom
plished in the following manner: 

EVENT DESCRIPTION 
---;n-- "Scream Theatre" consists of locally ori

ginated product procured by Visions ahead 
of the scheduled playback date. In this 
case "The Human Monster" is a monochrome 
"oldie" transcribed on 3/4" u-matic cass
ettes (2) and is 1 hour and 13 minutes 
in length. Each cassette has been cued 
for automatic start, transfer and rewind 
functions. The microprocessor will auto
matically bring the movie up at the 
desired start time of 12:30pm. 

#2 At approximately 1:43pm the "stand-alone" 
operation ends and the microprocessor 
automatically switches from the end of the 
movie (prompted by a cue tone) to a Syst
ems Concepts character generator. The 
character generator formats the screen 
into three fields. The top third of the 
screen contains the Visions logo and 
displays time, temperature and date, The 
middle field of the screen contains the 
AP newswire. (In Alaska, only the broad
cast newswire is available.) The lower 
third of the screen contains pre-program~ 
med alphanumerics usually of a promotional 
nature. Background music comes up auto
matically with the character generator. 
The background music is originated by a 
reel-to-reel, automatic reversing Sony 
tape deck. 
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EVENT 
---rs-

#4 

#5 

#6 

#7 

#8 

DESCRIPTION 
At 2:30pm the operator utilizes a com
bination of routing switchers and a 
special effects generator to fade out the 
character generator and place onto the 
line the Madison Square Garden NBA 
basketball game at the appropriate 
moment as determined visually by the 
operator. The basketball game is being 
received "live" by the satellite feed, 
transponder 22, from the fixed frequency 
Microdyne receiver and redistributed 
without time delay. 

Remove the stand-alone product, "The 
Human Monster", from the VTR's. 

Place blank stock in VTR's #1, #2, #3, 
and #4. 

At 3:00pm, Anchorage time, the Digitrol 
II has been pre-programmed to begin 
recording the regular evening HBO pro
gram menu. Without interrupting the NBA 
basketball game which is going out over
the-air "live", the operator fades into 
the beginning of the HBO program. 
Please keep in mind that it is now 3:00pm 
Anchorage time and 5:00pm, Pacific Stan
dard Time. The Visions receiver is 
tuned to transponder 20 which relays the 
HBO material on Pacific Standard Time. 
Throughout the recording cycle, the 
microprocessor will place the cue tones 
on the adjacent audio track at the 
proper time in order to facilitate the 
pre-programmed playback. At the end of 
the first record period of VTR #1, 
approximately 4:00pm, the Digitrol II 
will automatically switch to VTR #2 
during the vertical interval without 
recording interruption. 

Basketball game ends about 4:30pm 
Anchorage time. The operator fades the 
game to "camera black" and switches in 
the character generator, with back
ground music, which I described pre
viously. 

At 5:00pm, the Digitrol II micropro
cessor, having been pre-programmed to 
playback the VTR's containing the 
evening's HBO program material in sequ
encial fashion, begins playback of the 
first HBO movie of the evening which 
starts with the playback of VTR #1. At 
approximately 5:00pm, continuous re
cording of the evening's HBO material 
was transferred to VTR #3. At exactly 
5:00pm, Anchorage time, the first HBO 
movie of the evening automatically 
switched onto the LINE and the character 
generator was removed automatically. 



During the balance of the evening, the 
recording/playback sequence of HBO continues 
automatically and unattended as follows: 

Anchorage Time 
6:00pm 
7:00pm 
8:00pm 
9:00pm 

Playback 
VTR#2 
VTR#3 
VTR#4 
VTR#1 
VTR#2 
VTR#3 
VTR#4 
VTR#1 

Record 
VTR#4 
VTR#1 
VTR#2 
VTR#3 
VTR#4 
VTR#1 

10:00pm 
11 :OOpm 
12:00 midnight 

1:00am 

EVENT DESCRIPTION 
~ The last HBO program for the evening will 

end at approximately 1:30am Anchorage time. 
The Digitrol II will sense the end of the 
movie (playback sequence) and auto
matically place onto the LINE the charac
ter generator, with background music, aga
in. 

#10 The operator will remove all cassettes 
from the VTR's. 

#11 Two "Visions Blockbuster" movies are to 
be shown for the balance of the evening. 
This product consists of locally origi
nated material procured by Visions ahead 
of the scheduled playback date for their 
stand-alone operation. The operator will 
pre-program the Digitrol II to start the 
first movie at 2:00am and start the 

#12 

second movie at 4:00am, Anchorage time. 
The cassette tapes which the movies have 
been transcirbed onto had previously been 
cue toned for the automatic, stand-alone, 
playback operation. At this point, the 
operator goes home and the studio will be 
unattended for the balance of the evening. 

At approximately 5:52am the last Visions 
stand-alone movie ends and the Digitrol II 
automatically replaces the movie with the 
character generator output, with back
ground music, as described previously. 

In addition to the recording/playback flexi
bility described above, the Visions studio incorp
orates the capability of monitoring each satellite 
transponder of interest, signal processing by a 
Microtime 2020 PLUS Time Base Corrector and Image 
Enhancer, test signal generation, cross pulse 
monitor, audio record/playback mixing and level 
control, and titling. Additionally, the studio 
has the capability of constructing its own promo
tional messages by utilizing two V0-2850 VTR's 
with an editor off-line. These promotional 
messages can be pre-programmed and sequenced with 
the regular program material as desired. 

As mentioned previously, the link between 
the Visions studio and the mountain MDS transmit 
site is provided by an 11GHz point-to-point 
system owned and operated by the MDS common 
carrier. The system features redundant Farinon 
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transmitters and receivers with built-in alarms. 

The MDS transmission facility contains, 
besides the Farinon receivers, two Electronics, 
Missiles, and Communications (EMCEE) 10 Watt 
transmitters and a single EMCEE 100 Watt amplifie~ 
An automatic transfer/control device provides the 
ability of switching from one 10 Watt driver to 
the other 10 Watt unit in the case of malfunction. 
The output of the 100 Watt amplifier is connected 
to an Andrew, high gain (16db), cardiod transmit 
antenna, which is approximately 50 feet away from 
the amplifier output port, via waveguide. The 
transmit antenna is down tilted 3° from the local 
horizontal and elevated approximately 25 feet 
above ground level in order to best serve the 
Anchorage community. 

The MDS low-cost receivers being utilized 
by Visions have been obtained from several diff
erent manufacturers. Depending upon the manu
facturer, each receiver has its own physical 
characteristics and technical performance differ
ences as well. Most sources provide a low-cost 
receiver featuring a "free-running" oscillator 
which, characteristically, drifts as the ambient 
temperature changes. These type of receivers 
utilize some type of manual tuning device 
located at the subscriber's television set. 
Another manufacturer, however, provides a 
crystal-controlled MOS antenna/down-converter at 
a similar low price which is particularly 
attractive because of the natural hostile environ
ment which prevails in Alaska. Although 
Anchorage itself does not experience radically 
cold temperatures, the mast mounted down
converter will encounter temperatures as low as 
-30°F occasionally during the winter season. Of 
course, on the other hand, the temperature during 
the summer (July & August) seldom exceeds 65°F. 
It was easily determined that the down-converter 
would be exposed to daytime/nighttime temperature 
variations of 30° on a regular basis. 

Whomever the manufacturer, the antenna/ 
down-converter is required to provide the 
following: 

enough gain/receiver sensitivity to 
deliver a quality signal 
the receiver be quickly and easily 
mounted to either the existing Vagi 
mast or a mast which the installer 
provides 
be of a profile that will not offend 
the esthetic value of a residential 
neighborhood 

Additionally, because of the cold tempera
tures, minimum sunlight during the day in the 
winter time, and the high cost of skilled labor, 
it is necessary that the receiver be designed in 
such a manner to permit rapid attachment to the 
structure as well as swift interconnection from 
the receiver output to the television set. 
Visions is experiencing an average of 5 private 
home installations per day per installer during 
the winter months. Except for multi-family 



dwellings and non-standard installations, all 
installers are dispatched singularly without 
helpers. An average time for a standard install
ation is 45 minutes; once the installer has the 
antenna mounted, he connects the output of the 
down-converter to its power supply located at the 
subscriber's television set or some other con
venient location. Next, the installer orients 
the antenna in order to obtain the maximum signal 
strength. In the case of the "free-running" 
oscillators, the installer will go through the 
procedure of both "coarse" and "fine" tuning 
the picture. 

The ability of MDS to serve the private home 
marketplace within those cities out of the Top 
Fifty is a necessary ingredient required to 
produce a viable operation for the Pay TV entre
preneur because of the relatively small multiple 
family/hotel marketplace which are normally 
found in these smaller cities. The Visions idea 
of serving the moderate size city with a high 
quality programming package via MDS is not only 
unique but mandatory. The churn must be kept to 
a minimum in order for the system operators in 
smaller marketplaces to be viable. It is hoped 
that the highest quality of programming available 
today, accompanied with a competitive price 
structure for the service, will result in high 
retention rates. 

Earlier in this paper I mentioned that part 
of the programming mix was to consist of WTCG/ 
Channel 17. Visions has yet to offer any portion 
of WTCG to its subscribers, as of the date of 
this paper, because of the lack of the necessary 
permission from the Commission to serve Alaska. 
The result of this regulatory delay caused 
Visions to procure additional stand-alone product 
during its initial start up period. Also, 
during the installation of its earth station, in 
October, 1977, because of its centrally located 
position, which I mentioned previously, local 
Anchorage news media provided Visions with 
excellent coverage of the delivery of the conical 
horn antenna by ship from Seattle and the subse
quent antenna raising activities. This early 
public exposure, although beneficial from a 
marketing point of view, created some discussion 
at the Alaska Public Utilities Commission (APUC) 
as to whether the MDS operator as well as the 
pay programmer, Visions, fall into the category 
of a "public utility", as defined by Alaska law 
and, if so, whether both companies should be 
regulated. Although the question, as of the date 
of this paper, had yet to be put aside, the APUC 
investigations and discussions relative to the 
matter did not prevent Visions from going on-the
air for revenue purposes on 1 December, 1977. 

With a mass media advertising campaign con
sisting of radio spots and newspaper ads the 
weekend preceeding 1 December, 1977, Visions began 
installing subscribers at an initial rate of 10 
per day. By the end of February, 1978, Visions 
had installed 1,500 subscribers and enjoyed a 
waiting list of well over 1,000; the delivery 
rate of receivers did not complement the number 
of e~rly subscribers. 

80 

It will be another six months before a 
significant amount of data will be available to 
determine the success of the Anchorage venture. 
However, by conventional standards, Visions has 
succeeded in establishing a viable pay operation 
in Anchorage, Alaska; from satellite to the 
subscriber via MOS. 
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INTRODUCTION 

The demand for improved performance of subscriber 
drop "F" connectors is steadily increasing. The 
CATV Industry is now utilizing the full band
width of the system. Frequencies outside the 
standard TV/FM band are now regularly being 
used for additional channels in the forward and 
reverse directions. RF integrity in the main
line hardware and co-axial cables in the past 
has been greatly improved to overcome egress 
and ingress problems. The weak link in the 
present CATV network remains in the drop wire 
"F" connector, and since this is an equally 
important connection the requirement to maintain 
integrity must be met. 

This paper deals with improvements to the "F" 
connector aimed at overcoming this weakness. 
This paper is divided into the following sections. 

l) Historical Background 
2) Design Philosophy 
3) Improved Connector Assembly 
4) Cost Analysis 
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HISTORICAL BACKGROUND 

One way to evaluate system problems is to maintain 
records that can assist in the review of past ex
periences and problems. Our radiation monitoring 
system has certainly indicated a problem in the 
connector area. 

Figure l represents the data tabulated for over 
3,000 cleared radiation problems that have been 
detected by this monitoring procedure. The chart 
is divided into six sections as follows: 

a) Drop Hardware 
Consisting of connectors, splices, matching trans
formers, tap-off devices, and drop cable. Seventy 
percent of the data reported in this section was 
due to connectors alone. 

b) Feeder Cable 
Consisting of connectors, splices, sheath breaks, 
and other problems that could be encountered on 
trunk and distribution cables. The problems re
ported in this section were mostly with connectors 
and splices. 

c) Passive Equipment 
Consisting of splitters, multi-taps, wrong value 
multi-taps, matching transformers and other passive 
equipment. Problems reported were mixed with no 
definite trends. 

d) Active Equipment 
Consisting of amplifiers and mostly reflects pro
blems with levels set too high and loose housing 
lids. 

e) Illegal Hookups 
Consisting of illegal extensions to FM/TV sets, 
or neighbour's sets with 300 ohm lead or other 
unauthorized connections with unshielded cables. 

f) Subscriber's Equipment 
Consisting of internal and external antennas that 
are still hooked up and extensions made with 300ohm 
lead or other unshielded cable to move the receiver. 
Approximately 60% of this section was due to sub
scribers antennas still hooked up. 

The radiation monitoring system has indicated 



approximately 1,455 connectors requiring repairs. 
Radiation monitoring equipment has been operating 
in eleven of Canadian Cablesystems' licensed areas 
for three years now with one radiation receiver 
installed per vehicle for each one hundred and 
fifty kilometers (94 miles) of plant. 
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Figure 1 
ANALYSIS OF RADIATION MONITORING PROBLEMS 

In 1972 the demand for a more effective shieldi ng 
for drop wire steadily became important to meet 
the requirements of systems with signals in the 
midband. The cable selected by Canadian Cable
systems is of the aluminum tape surrounded by 
braided shield. Specifically the construction is 
an aluminum-polypropylene-aluminum-laminate tape, 
0.0017" thick applied longitudinally with an over
lap encasing the polyethelene dielectric with an 
additional braid with 55% of shielding. See 
Figure 2. 

Figure 2 
SINGLE BRAID CABLE WITH FOIL 
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Standard F59 connectors did not make proper con
nection s to the aluminum foil; they caused more 
radiation and ingress problems than we had exper
ienced with our 95% braided cables. This problem 
is specifically related to the mandrel forcing the 
foil back or through oxidized contact materials 
and not making a proper connection. 

A second problem of concern for many years has been 
that of weatherproofing connections. Weatherproof 
boots and other methods that have been used for 
many years have not been very successful. I am 
sure you have seen corroded connections at your 
line tap-offs. Totally sealed drop connection 
in the underground environment ha s been another 
problem not yet solved. 

In search of a solution to thi s problem, one must 
examine the fundamentals. 

D~SIGN PHILOSOPHY 

Proper operation and reliability of a connector 
depends to a large extent, on how well it can per
form while withstanding specified environmental 
conditions. The following are some of the most 
commonly encountered environmental factors to be 
considered: 

a) High and low temperature 
b) Thermal shock 
c) Mechanical shock and vibration 
d) Rapid change in pressure 
e) Humidity 
f) Bacteriological growth and fun gus 
g) Presence of corros ive atmosphere (1) 
h) Salt spray 
i) Dust and sand 
j) EMI - electromagnetic interference (2) 

Not all of the above fa ct or s may be encountered 
in the same system, but sometimes a combination 
of several of them may create extremely critical 
s ituations. In addition to the environmental 
factors other requirements must be considered in 
this design: 

a) Compatibility with other fittings and hardware 
of the system. 

b) Easy installation with minimum effort and 
inexpens ive installation tool s. 

c) Producible at a rea sonable and justifiable 
cost. 

d) Exhibit a high reliability level and be readily 
maintainable. 

IMPROVED CONNECTOR ASSEMBLY 

In 1954, Eric Winston of Jerrold Electronics 
developed a solderless and easy to install con
nector call the F59 as shown in Figure 3. 



Figure 3 
STANDARD CONNECTOR 

This connector has been, and is still being used 
with a great deal of success for RG59/U type 
braided cables. However, when the foil braided 
cables came along, the standard ''F" connector 
could not be installed without the foil being 
pushed back under the braid and jacket as shown 
in Figure 4. 

Figure 4 
FOIL DISTORTED WITH STANDARD F59 

In an attempt to correct this problem, Albert 
Stirling of Stirling Connectors, Canada, worked 
with Canadian Cablesystems to improve this pro
blem. A solution was modifications to the stan
dard F59 as shown in Figure 5, that consists 
mainly of slots in the mandrel and a flare inside 
the mandrel so that the connector may now slide 
over the foil and under the braid. 

Figure 5 
SPLIT MANDREL CONNECTOR 

The foil could now be seen inside the connector's 
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swivel nut fitting, assuring a good connection. 
One additional feature of this modification is that 
with a standard size crimp ring the mandrel will 
collapse down onto the foil making a mechanical 
and electrical connection, ensuring continuity of 
the shield conductor. The mechanical cable reten
tion is increased by an additional 15 lbs. This 
improved connector has been in use in cable systems 
for three years with great success. 

Figure 6 shows X-rays of the standard F59 installed 
on a foil cable that has the foil pushed back and 
the braids distorted for a couple of inches, con
trasted with the F59S (slotted mandrel where no 
distortion is evident. 

S nda d 

Figure 6 
X-RAY COMPARISON OF S ANDARD AND SLOTTED F59 

The slotted mandrel connector also shows shielding 
improvement for bonded foil cables through the 
improved electromechanical connections. However, 
this does not solve our moisture ingress problem. 

The combined efforts of Cablesystems Engineering 
and Amphenol of Canada Ltd. continued with the 
activity in attempting to solve the moisture 
ingress problem through the development of a 
waterproof F59S connector. 

In the preceding section, the design philosophy 
which should be considered in this development 
was discussed. Simplicity is identified as having 
prime importance because of the desire to intro
duce as few new installation practices or parts. 
For instance, the installation of the developed 
connector can be accomplished with the PL602 
crimp tool and other standard tools found in your 
installer's tool kit. The number of parts that 
have to be handled is still three. This concept 
of simplicity has maintained an economical design. 

The first modification was made to the connector 
body and the coupling nut as shown in Figure 7-G) 
Two neoprene seals(Dhave been added to the con
nector. The Hex nut has to be changed to l/2", 



to permit an increased shell size necessary to 
accommodate the addition of the seal inside the 
coupling nut. The seal is positioned inside the 
coupling nut G) and® in order to maintain the 
~me grounding contact of the shouldered contact 
~found in the standard F59. 

.. ~CIA\. 

./ 

Figure 7 
AMPHENOL WATERPROOF F59S 
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The addition of these seals waterproofed the con
nector, but they do not guarantee a seal from the 
body of the connector to the cable. 

The next modification included the design of a 
sealing boot that could be easily installed on 
the cable and would slip over the body of the 
connector but would not interfere with the cou
pling nut. The body of the connector has.an 
additional groove to accommodate the seal1ng 
boot shown in Figure 7-@ This design approach 
allows the boot to remain on the connector during 
installation and disconnection. Three sealing 
rings are moulded into the inside surface of the 
boot so that proper sealing is achieved around 
the cable jacket. See Figure 8. 

Critical properties must be considered in the 
selection of the material for the sealing parts. 
They must have: 

a) Long-term weather adaptability 
b) Non-solubility 
c) Resistance to corrosive reagents 
d) Non-adhesiveness 
e) Flexibility at low temperatures 
f) Low co-efficient of friction 
g) Stability at high temperature 

Neoprene was selected as the material most suited 
to these requirements. 

Figure 8 shows the final version of the water
proof F59S with the sealing boot installed. 
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Figure 8 
AMPHENOL WPF59S WITH WEATHER BOOT INSTALLED 

After finalizing the requirements for the connect
or, and the basic electromechanical design cri
teria, a set of performance specifications were 
formulated. They are as follows: 

Specifications for Waterproof F59S Co-Axial 
Connector 

a) Electrical 
i) Impedance- 75 ohm nominal. 
ii) Voltage rating- 5DO volts peak. 
iii)Dielectric withstanding voltage- 1500 volts 

R.M.S. 

b) Mechanical 
i) Cable affixment- Crimp Ferrule 0.135" wide. 
ii) Cable retention - 35 lb. maximum pull test 

of cable from connector. 

c) Environmental 
i) Operating temperature range -4~oC t? 85°C. 
ii) Vibration -Mated connectors w1ll w1thstand 

vibration to MIL-STD-202 Method 204 (Test 
Condition D) (20 G. peak) over a frequency 
range of 10 to 2000Hz. 12 times with con
nector mounted in the horizontal position 
and vibration in the vertical mode for a 
period of 8 hours. 

iii)Corrosion - Salt spray test in accordance with 
MIL-STD-202 Method 101 (Test Condition B) 
length of test 48 hours exposed to a salt 
solution concentrate of 5%. 

iv) Water Pressure Seal -Mated connectors will 
withstand a differential water pressure of 
5 P.S.I. No electrical degredation after 
testing. 

d) Materials 
i) Connector body- Zinc diecast. 
ii) Coupling nut- Zinc diecast. 
iii)Crimp Ferrule- Brass. 
iv) Plating- Cadmium Plate (All metal parts). 



v) 

vi) 

Sealing boot- Neoprene Per MIL-G-11498 
Type 1-Class 1. 
O'Rings - Neoprene Per MIL-G-11498 Type 1-
Class 1. 

Prototype connections have been built to those 
specifications and have been subjected to and 
have passed the following tests: 

a) 

b) 

c) 

d) 

e) 

Continuity- mating connector coupling nut 
and center conductor to cable. 

Dielectric withstanding voltage - 500VDC for 
5 seconds mated. 

Waterproof - tested at 5 lbs. per square inch 
pressure - 60 days. 

Physical vibration at -30°C - 20 G. peak 
20-2KHz, 8 hours, mated followed by tests 
a), b), and c). 

Physical vibration at 50°C - 20 G. peak 
20-2KHz, 8 hours mated followed by tests 
a), b), and c). 

f) Accelerated thermal aging at 85°C - 50 hours 
unmated. 

g) 

h) 

i) 

Accelerated thermal aging at -55°C - 50 
hours unmated followed by tests a), b), and 
c). 

Cable retention test - 30 lbs. axial pull 
force, followed by tests a), b), and c), 
mated. 

Salt spray - as Per MIL standard 202, Method 
101 (Test Condition B) length of test 48 
hours exposed to a salt solution concentrate 
of 5%. 

COST ANALYSIS 

In order to compare the costs a model system with 
20,000 subscribers will be used. The assumptions 
in developing this model are as follows: 

a) 
b) 
c) 

d) 

e) 

Cost of standard F59 with weather boot--0.20 
Cost of waterproof F59S--0.50 
Cost of service calls, overhead including 
truck, tool and expenses per call--10.85 
Service calls due to drop problems average 
7.5% of subscribers per year with 80% of 
these calls due to connectors. 
Assumed service call reduction of 50% is 
proposed for the waterproofed drop connectors. 

Therefore, fixed cost for standard F59 will be: 

20,000 x (a) 
20,000 X 0.20 
$4,000 
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Variable 

vc1 

Proposed 

FCp 

cost per year will be: 

20,000 X (d) X (c) 
20,000 X 0.075 X 0.80 
$13,020 

X 10.85 

waterproof F59S will be: 

20,000 X (b) 
20,000 X 0.50 
$10,000 

Variable cost per year will be: 

VC 2 20,000 X (d) X C X 0.50 
20,000 X 0.75 X 0.80 X 10.85 X 0.50 
$6,510 

Figure 9, indicates a breakeven point_at the 
12th month period and a cost savings 1n the 
second year. If some of the assumptions in this 
model do not agree with your experience, try 
your own maintenance costs. 
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Figure 9 

COST COMPARISON 

The above calculations have not considered 
depreciation, tax savings and present value 
since technical departments do not normally 

vc, 

base their evaluations and comparisons on that 
type of calculation. However, I would like to 
model another analysis based on present value 
calculations. The data in developing this model 
is as follows: 

a) The cost of a standard F59 with weater 
boot--0.20 

b) The cost of waterproof F59S--0.50 

Therefore, the incremental investment in a 
20,000 subscriber system = 0.30 x 20,000 $6,000 

c) Service calls due to drop problems average 
7.5% with 80% of these calls related to 



connector problems. The assumption that the 
proposed connector reduced connector related 
service calls by 50% as a savings of 20,000 x 
0.075 X .80 X .50 
= 600 calls per year is realized. 

d) Cost of service calls, overhead including 
truck, tools and expenses per call--10.85 

Therefore, yearly savings 600 x 10.85 
$6,510 

e) Tax rate 48% 
f) Capital cost allowance 30% 
g) Present value return rate 12% 
h) Life 
i) Annuity factor l [l -

j) Tax shield = 

i 
N 

The net present value (NPV) can be obtained from 
the following formulae: 

NPV = Investment x [1-tax shield]+ yearly savings 
x(l-tax rat~ x annuity factor 

Therefore, NPV = -6,000 x[l-0.48 x 0.30] 
0.30 + 0.12 

+ 6,510 X (l-0.48) X 5.65 

= $15,184.38 

Therefore, the waterproof connectors after re
covering their increased costs provide a net 
saving of $15,184.00. 

Now, if we wish to determine how many service 
calls per year we need to breakeven on the 
incremental cost of investment over a 10 year 
period; i.e. set the net present value to 0. 

NPV = investment x (1-tax shield) + 
(# service calls saved) x cost of service 
calls x (1-tax rate) x annuity factor 

0 -6,000 x [l - .48 x .31 + # service calls 
.3+.12J 

X 10.85 X (l - .48) X 5.65 

0 = -3,942 + # service calls x 31.88 

Therefore, # service calls = 123 
Therefore, if more than 123 or 0.6% of subscribers 
have service calls due to connector problems 
then the extra cost of the new connector is 
covered and a net savings is realized in the 
20,000 subscriber model system. 

I must point out that the above models do not 
take into account radiation problems, since the 
subscribers normally don't call for a service 
call when their drop wire connector is exceeding 
FCC/DOC standards and regulations. Radiation 
problems have not been recorded in our service 
call analysis~ therefore additional expense 
allowances must be added to the above results 
for the added costs. Based on data recorded and 
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indicated in Figure l, this percentage can be 
quite high in the first couple of years when clear
ing radiation problems. 

I believe that this Cost Analysis helps to 
indicate that improved drop line connections are 
required and can be justified. 

SUMMARY 

The CATV operators' primary goal is to manage pro
fitable systems with a minimum of downtime. From 
the data taken to date and with these design con
cepts, we have demonstrated that predetermined 
electromechanical design objectives can be 
achieved in addition to practical and inexpensive 
goals. 
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One of the primary technical advantages with 
coaxial cable television for telecommunication 
purposes is the cable system's technical com
patibility \-lith most of the newly developed 
communication systems in addition to existing 
communication systems now being given renewed 
priority consideration as a result of the public 
demand for premium subscription programs. 

Cable television systems may be confronted with 
some technical compatibility problems if re
quired to car~J both the Broadcast Subscrip
tion Television (BSTV) station's premium and 
"free" programs. While there may not be a 
channel capacity problem in offering more than 
one type of premium program, there are compati
bility problems involving the delivery of BSTV 
and cable premium programs over the same cable 
system. 

By Public Notice dated November 15, 1977, the 
Commission identified seven (7) BSTV systems 
which had received "advance system approval." 
These systems are not compatible. Moreover, 
there are applications presently pending before 
the Commission for a waiver of "the one BSTV 
station to a community" rule. If this rule is 
waived, this would further complicate the com
patibility/interfacing problem between cable 
and BSTV. Cable systems may choose to carry 
other over-the-air premium signals with little 
or no technical interfacing problems. This is 
evident from system carriage of: HBO's programs 
via satellite, and Multipoint Distribution 
Service (MDS) signals. This paper will only 
focus on premium BSTV program carriage on cable 
systems. 

BSTV premium carriage on cable systems presents 
varying degrees of technical problems for all 
cable systems since all the BSTV systems in
volve encoding both the video and audio. This 
paper will address some of the technical, com
patibility problems between various types of 
cable systems and specific hypothetical 
encoding and decoding techniques which could 
be proposed by BSTV stations, how interfacing 
can be accomplished, circumstances under which 
piracy can occur, and what can be done to mini
mize piracy. 
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History 

On February 10, 1955,the Commission adopted a 
Notice of Proposed Rule Making in Docket 11279, 
FCC , FCC 2d , in response to a 
petitio~iled by Zeni~Radio Corporation and 
Teco, Inc. (proponents of the "Phonevision" 
subscription television system); Skiatron TV, 
Inc. (proponent of the "Subscriber-Vision" sub
scription television system); and other tele
vision licensees and permittees. While no 
specific proposals for rules were contained in 
the Notice, it did include questions of law 
and facts designed to ascertain whether the 
Commission should adopt rules to authorize 
television stations to transmit programs paid 
for on a subscription basis. This Notice 
defined BSTV simply as the transmission of 
programs intended to be viewed only by those 
who pay a charge. 

On May 23, '1957, the Commission adopted a 
Notice of Further Proceeding in Docket 11279, 
FCC 57-530, 22 F. R. 3758, announcing that it 
had statutory authority to authorize the use of 
television frequencies for subscription opera
tion if it found that such a decision would be 
in the public interest. However, the comments 
submitted per the February 10, 1955 Notice 
failed to provide an adequate basis ~n
cluding either that subscription television 
should or should not be authorized. Therefore, 
in the NPR of May 23, 1957, the Commission was 
persuaded that trial demonstrations would be 
indispensable and invited comments to aid it in 
deciding the conditions under which trial opera
tion should take place. 

On October 17, 1957, the Commission adopted a 
First Report and Order in Docket 11279, 23 FCC 
532, 16 RR 1509, detailing the basis for the 
statutory authority and also announcing that the 
Commission was prepared to accept applications 
for authority to conduct trial subscription tele
vision operations prescribed therein. A Third 
Report adopted in 1959 amended the First RepOrt 
in three important respects: 

(1) it allowed trial of a specific sub
scription TV system in only one 
market instead of up to three; 



( ?') it a1lo1ved only one system to be 
tried in a market instead of more 
than one; and 

(3) it precluded operators of trials 
from requiring the public to 
purchase equipment (a question 
left open in the First Report). j( 

After a five-day en bane hearing before the Com
mission on February 23, ~961, the first BSTV appli
cation (filed on June 2?, ~960, under the terms 
of the Third Report) was granted to RKO General 
Phonevision Company (then known as Hartford Phone
vision Co.,), licensee of UHF station WHCT, 
Hartford, Connecticut. The Commission's WHCT 
authorization permitted a three-year trial opera
tion of subscription television using Zenith 
Phonevision equipment. ~ The operation commenced 
on June ?9, "96?. Then on May 2':, '1965, the 
authorization was extended for a period of three 
years or (if it occurred sooner) until such time 
as the Commission terminated the outstanding rule 
making and "enters an order with respect to the 
authorization." 

Zenith Radio Corp., manufacturer and holder of 
the patent for Phonevision equipment, and Teco, 
Inc., patent licensee of Zenith, filed a joint 
petition for further rule making on March ~0, 
1 965 to authorize nation-~Jide subscription tele
vision which, among other things, contained 
detailed information about the first two years 
of the Hartford trial. 

On March 2~, 1966 the Commission adopted a 
Further Notice of Proposed Rulemaking and Notice 
of Inquiry in Docket 11279, 7 RR 2d 1501, in 
which the Commission stated, inter alia: (1) 
that it " .•. has statutory authorityt;;-authorize 
subscription television on a permanent basis .•• " 
and the court decision in the Hartford case is 
not limited to upholding the Commission's 
authority to authorize trial operations only, 
and (2) that subscription television consti
tutes "broadcasting within the meaning of Section 
3(o) of the Act and therefore, it is not a common 
carrier service. Moreover, aside from deciding 
the two issues above, the Commission invited 
comments on other questions such as: 

j( The Third Report, adopted March 23, 1959, 
amended the First Report in some respect, and 
otherwise "readopted and reaffirmed it. 26 FCC 
265, 16 RR 1 540a. 

TV v. FCC, 

rizing this trial. 
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(:) Should Subscription Television be 
Permitted in All Markets and Should 
There be a Limitation on the Amount 
of Time that Stations May Devote to 
Subscription Broadcasting? 

(?) Should Subscription Television be 
Linli ted to UHF Stations or Other
wise Limited with Respect to 
Stations? 

(3) Should Subscription Television be 
Permitted Over More Than One Station 
in A Community, and if So, Should 
Such Stations be Permitted to Broad
cast Subscription Programs Simul
taneously? 

(4) Should Subscription Television be 
Limited to a Single Technical 
System? 

The Commission for the first time eniarged the 
BSTV proceeding, and invited comments pertaining 
to wire or cable subscription television. 
Questions raised regarding a hypothetical situa
tion for a community with no off-the-air TV 
signals and a single cable system were as follows: 

(1) Would it be necessary to have bui]t
in antennas in the decoders attached 
to sets of subscribers? 

(2) Would a single decoder attached to 
the cable system which delivered 
the unscrambled signal to sub
scribers suffice? 

(3) If so, what arrangement for 
collection of subscription fees 
could be made? 

( 4) 1Jiould the rules on carriage of 
signals of local stations over 
cable systems apply to carriage 
of BSTV premium programs? 

On December 12, '1968, the Commission concurrently 
adopted a Fourth Report and Order and Third 
Further Notice of Proposed Rulemaking in Docket 
11279, 3/ wherein the Order established a nation
wide, over-the-air subscription television ser
vice, and with the exception of technical 
standards, adopted rules governing the BSTV 
service. This Order also discussed the question 
of carriage by ~ systems of BSTV signals and 
announced that although the Commission is not 
presently requiring such carriage, it is issuing 
the instant Third Further Notice inviting comments 

)} FCC 68- 1 174, 15 FCC 2d 466 and FCC 68-1~75, 
15 FCC 2d 601, respectively. 



on a proposal to require it. The Third Further 
Notice proposed that cable systems operating 
~a BSTV station's Grade B contour carry both 
the coded and uncoded programming of the BSTV 
station exclusive of decoding the coded signal at 
the cable system headend. ~ This proceeding 
also proposed the cable system carriage of BSTV 
station to within the station's Grade B contour. 

Recently, the Commission issued a Notice of Pro
posed Rulemaking and Inguiry in Docket 21502, FCC 
77-848, FCC 2d calling for comments on the 
possible-;ffect multiple BSTV service would have 
in a given community. The Third Further Notice in 
,Docket 11279 and the recent Notice and Inquiry in 
Docket 21502 considered in conjunction with the 
growing market of pay cable premium programming in 
the country, indicates to some extent, the degree 
of the non-technical problems and issues the Com
mission must resolve in considering whether to 
require carriage of the encoded premium pro
gramming of BSTV stations by cable systems. How
ever, the focus herein will be on the te~hnical 
compatibility problem of BSTV with the various 
types of cable systems. 

Types of Cable Systems 

For the purpose of examining specific types of 
cable systems in conjunction with BSTV stations, 
we will assume that the Commission has a rule 
requiring cable systems to carry BSTV stations 
coded programming if the cable system serves 
a community located within the BSTV station's 
Grade B contour. 

Technically, there are three basic types of cable 
television systems. They are: (1) the Single
Cable-Non-Converte~ cable system; (2) the Multi
Cable-Switcher-System; and (3) the Converter
Cable-System. The Single-Cable-Non-Converter 

j/ Issues pertinent to this paper are BSTV rules 
codified in Volume III, Part 73, Section 73.641-
73.644 which state: (1) BSTV is a broadcast ser
vice; (2) BSTV stations licensed to or proposing 
to operate in communities located wholly within 
the Grade A contour of five (5) or more commercial 
TV stations, including the applicant station, 
would be eligible to receive BSTV authorization; 
(3) only one BSTV station will be authorized in a 
community;-\4) BSTV stations are also required to 
broadcast at least the minimum amount of uncoded 
programming required to conventional TV stations 
pursuant to Section 73.651 of the Rules; (5) BSTV 
stations are required to provide premium pro
gramming service to all requesting persons within 
the station's Grade A contour; and (6) comply 
with an interim system equipment and performance 
approval procedure pending further amendment of 
the rules establishing a type acceptance proce
dure. 
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system attaches directly to a matching trans
former for connection to the back of the subscri
bers receiver at the 300 ohm input antenna termi
nal. This system has a maximum TV channel 
capacity of the standard 12 VHF television chan
nels. Moreover, the cable operators normally 
remove the off-air-antenna when a cable connec
tion is made (see Figure 1). 

~I . 
'hOUlntd s 
" Z-13 

The Multi-Cable-Switcher-System utilizes two or 
more cables on the distribution plant up to the 
subscriber's terminal, where a switch is then 
installed containing a single 75 ohm cable output 
which is attached to a matching transformer con
taining a 300 ohm twin lead that connects to the 
back of the subscribers receiver at the 300 ohm 
input antenna terminal. This system channel 
capacity depends on the number of distribution 
cables, with a maximum of 12 TV channels per 
cable. The majority of Mul ti-Cable-S'vi tcher
Systems are dual cable systems with a capacity 
of 24 TV channels selected from "A" and "B" 
cables using a switch at the back of the sub
scriber receiver. (See Figure 2) 
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The Converter-Cable-System is a system utilizing 
a converter at the subscriber terminal which 
attaches to the receiver preempting the tele
vision set tuner. This system's TV channel capa
city is normally in excess of 30 depending on, the 
type of converter and/or the number of distribu
tion cables utlized (see Figure 3). 
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These three types of cable systems and the combi
nation of the Multi-Cable Switcher and Converter
Cable-System constitute the vast majority of 
cable systems in operation throughout the country. 
Therefore, interfacing of BSTV premium pro
gramming over cable systems will be limited to a 
discussion of these three systems. 

Types of BSTV Premium Systemo 

By Public Notice dated November 15, 1977, FCC-
91486, the Commission identified seven (?) BSTV 
systems which had received "advance system 
approval. 11 2./ As indicated earlier, these 
systems are not compatible. Using three imagi
nary, hypothetical premium systems, the non
compatibility characteristic of premium systems 
can be demonstrated. These hypothetical 
systems were constructed by extracting techni
cal data from available data submitted to the 
Commission. The propriety of the material 
would not allow the author to specifically 
discuss any of the type approved systems. 

These premium systems are not intended to 
describe any of the BSTV systems which are 
pending or which have secured system approval 
from the FCC. These are imaginary, hypothetical 
systems described here to focus on the problems 
confronting cable systems if the Commission were 
to require carriage of BSTV stations premium 
programming. The premium systems are described 
in a manner to include a close replica of a 
premium system which may be utilized by a BSTV 
station, Multipoint Distribution Service (MDS) 
station and/or a premium satellite signal (e.g. 
HBO). These imaginary systems will be identi
fied as STV-Model-1, 2, and 3 premium systems. 

"2J The systems are: (1) Zenith Radio Corp.
Phonevision; (2) Blonder-Tongue - Number 4745; 
(3) Feature Film Service, Inc. - Model FFS-2000; 
(4) Oak Industries, Inc. - Model I; (5) Pay 
Television Corp. - PTV System 3; (6) Teleglobe, 
Inc. - Number 410; and (?) System Development 
Corp. - SDC Pay TV System. One other system is 
pending from MELCO which proposes to only scram
ble the audio, and the Commission has denied one 
system filed by Tanner Electronics. 
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STV-MODEL-1 

The MODEL-1 system encodes by cutting the conven
tional 525 line television picture into many 
horizontal segments of a specific number of lines 
each. Alternate number of line segments are con
tinuously shifted back and forth horizontally, 
while the divisions between these specific number 
of line sigments randomly shift their position 
producing a visual effect of picture segments 
moving up and down vertically. The combination 
results in a satisfactory breakup of the picture 
with little intelligibility. In addition the 
video signals are transmitted with the black and 
white inverted similar to a photographic negative. 

Video segments not shifted in the coding process 
are shifted in the decoding process, while seg
ments that are shifted in coding are not in 
decoding making the video coding process at the 
transmitter complementary to the video decoding 
at the receiver. 

The audio accompanying the encoded video is 
scrambled by shifting the audio in frequency. The 
decoding of the audio is accomplished by shifting 
the audio back to its original frequency. 

The video coding is varied from program to program. 
Therefore, the coding pattern information needed 
by the decoder will likewise change from program 
to program. The coded broadcast signals cannot 
be decoded without the combined use by each sub
scriber of the following combined steps: 

A "Pressure" signal is transmitted over 
the air as part of the MODEL-1 broadcast 
and both subscribers and non-subscribers 
can receive this "Pressure" signal. 
However, decoding does not occur until 
a ticket, which is mailed to all sub
scribers, is inserted into the decoder. 
(See Figure 4) 

STV-MODEL-2 

The MODEL-2 system multiplexes discrete spectrum 
bandwidth for transmission of visual, chrominance, 
barker aural, digital control, and digital aural 
signals. The visual, chrominance, and barker 
aural information are transmitted together on a 
single channel as is standard for NTSC color 
transmission. However, a second grouping of 
signals is utilized for transmission of a digital, 
frequency-shift keyed signal containing a stream 
of specified bit serial binary data and a digital 
frequency-shift-keyed signal containing a stream 
of specific bit serial binary data. 

The MODEL-2 system frequency-division multiplexes 
the freq~ency-shift keyed signals with the visual 
portion of the television signal in a single 
broadcast TV channel. The carrier frequency of 
the amplitude modulated visual signal, frequency 
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FIGURE 4 

modulated control signal, frequency modulated 
aural signal, and phase modulated chrominance 
signal all occupy the same bandwidth, but at 
different center frequencies. 

Separate discriminator and synchronous detector 
circuits in the receiver's intermediate fre
quency amplifier and detector circuit boards sort 
out the four signal components. This method of 
overlapping AM and FM signals is identical in 
principle to recently proposed methods for 
broadcast of stereo on the AM standard broadcast 
band channel. 

The STV-MODEL-2 decoder attaches to the subscri
ber receiver 300 ohm antenna lead, and to a stan
dard 4 prong telephone socket. When a subscriber 
requests service, he depresses a button on his 
decoder. Automatically his decoder places a 
telephone call to the broadcaster's facility, 
and sends data over the telephone network con
taining the subscriber's account number and 
requested code. 

A computer at the broadcaster's site stores this 
data and the telephone call is terminated. At 
the appropriate time, the broadcaster sends the 
control signals to unlock the subscribers decoder 
box and the otherwise scrambled audiu and video 
on the television receiver is restored. When the 
broadcaster no longer sends the account code of 
a particular decoder box in his control signal, 
the decoder automatically locks up and only a 
coded picture can be viewed. 
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STV-MODEL-3 

The MODEL-3 system employs a method which uses 
an interference signal impressed on the normal 
composite video signal, including the inter
carrier audio signal, in a phase relationship 
to the horizontal sync pulses reducing the ampli
tude of the sync pulses and simultaneously 
increasing the video content between pulses. 

A receiver seeing this encoded signal will 
attempt to achieve horizontal lock on the highest 
instantaneous signal level detected which is now 
in a new position from a normal television broad
cast signal transmitted in the United States. The 
randomness inherent in video information will add 
to the receiver's difficulty in achieving horizon
tal lock and the resulting picture is unwatchable 
because of improper lock and horizontal tearing. 

The decoder, which attaches to the subscriber's 
receiver, 300 ohm antenna terminal, is activated 
by simply turning a switch on the unit to the 
premium mode. 

Interfacing 

If the Commission were to require cable systems 
to carry the BSTV stations premium program, the 
Commission should also require that the BSTV 
station premium system comply with the technical, 
transmission standards codified in Section 73.682 
of the Rules for conventional television broad
cast stations. Moreover, a premium system 



rece1v1ng "system approval" from the Commission, 
does not necessarily mean that when the system is 
installed and operated by the BSTV station, the 
station will comply with the transmission stand
ards codified under Section 73.682 or 73.644. 
Section 73.644 of the Rules contains technical 
standards applicable to BSTV stations equipment 
and system performance. 

Existing cable systems have been designed and 
built to carry television station signals meeting 
the requirement of Section 73.682 of the Rules. 
Cable systems carrying stations meeting the 
standards under Section 73.682 require that the 
cable system be designed and built in accordance 
with certain specifications, utilizing specific 
types of active and/or passive equipment in order 
to comply with the cable television technical 
standards codified under Section 76.605 of the 
Rules. 

While it appears relatively easy for the premium 
signal out of the BSTV station subscriber's 
decoder to violate Section 73.682, especially in 
reference to overmodulating the audio, an assump
tion will be made that the three hypothetical 
premium system transmit signals in compliance with 
Sections 73.682 and 73.644 of the Rules. §( How
ever, it must be emphasized that if the Commission 
decides to create separate technical standards 
for BSTV premium signals out of the decoder, no 
requirement pertaining to cable system carriage 
of BSTV premium signals should be instituted 
without ascertaining the impact on cable systems. 

Therefore, assuming that the STV-MODELS-1, 2 and 
3 premium systems meet the standards under Sec
tions 73.682 and 73.644, one can then proceed to 
examine how these imaginary premium systems can 
be carried on the three types of cable systems 
identified above. 

The operator of the Single-Cable-Non-Converter 
(S-C-N-C) system can carry any one of the three 
types of hypothetical premium systems with little 
or no technical difficulty. BSTV premium signals 
can be carried and unscrambled on a cable system 
in two ways: (1) unscrambling the signal at the 
headend; or (2) unscrambling at the subscriber's 
terminal. 

§( While this assumption is being made for these 
three hypothetical premium systems, field tests 
are the only true way to determine compliance. 
In this regard, it is noted that the Commission 
has authorized only eight BSTV stations. Of 
these stations, only the Newark, New Jersey, and 
Corona, California stations have actually begun 
operation. In addition, there are at least 23 
applications pending for premium authorizations in 
at least fourteen other communities. Many of 
these pending applications must be designated for 
comparative hearing since the "one-to-a-community" 
rule has made them mutually exclusive. 
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S-C-N-C Headend 

Unscrambling at the cable system's headend for 
distribution purposes can be accomplished two 
ways. The first is to unscramble the BSTV 
premium signal at the headend utilizing a decoder 
compatible with the BSTV station's encoder and 
redistributing the unscrambled BSTV station's 
premium signal on a vacant VHF channel to all 
subscribers. This approach involves the least 
expense to the cable operator in purchasing new 
equipment. However, it may not be the simplest 
technique to administer since it appears under 
this approach,thatthe cable operator may have to 
pay the BSTV program supplier a flat, bulk rate 
for the premium program, possibly, based on his 
number of annual subscribers. HowEver, this 
unscrambling technique is the least expensive 
regarding equipment installation, and it appears 
to pose the least technical problem, since all 
three of the hypothetical premium systems can 
interface with S-C-N-C cable systems when 
unscrambling is accomplished in this manner. 
(See Figure 5) 

S-C-N-C CABLE SYS1TM 
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This approach has the disadvantage of possibly 
forcing all S-C-N-C subscribers to pay for and 
receive the BSTV premium programming whether he 
wishes to subscriber or not thereby exempting 
the cable subscriber from the freedom of choice 
available to non-cable subscribers. 

The second way unscrambling at the cable headend 
is accomplished is by unscrambling the BSTV 
premium signal at the headend using a decoder 



compatible with the BSTV station encoder, and then 
the S-C-N-C operator recodes the premium signal 
and converts the BSTV premium signal to a vacant 
VHF channel for distribution to only interested 
subscribers. This technique appears to be more 
practical, but it also appears to be more 
costly. (See Figure 6). When the S-C-N-C 
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operator uses this approach, there are two rate 
and service approaches used by the BSTV station, 
codified in the form of affiliate agreements, 
involving the expense for purchasing, installing, 
and maintaining the encoder/decoders equipment on 
the cable system. These two approaches can be 
seen from an affiliate agreement between one 
operating BSTV station, WTVG-TV, and a cable 
system operating within the station service area. 
Under the first approach the BSTV licensee offers 
the cable system an affiliate agreement for a 
license fee of $5.00 or 5~~ of the premium program 
service charged per month, per subscriber de
pending on which fee is greater. This agreement 
specifies that the cable operator will purchase 
and install the necessary decoding devices and 
maintain total subscriber service for the BSTV 
premium program subscribers. Moreover, when the 
cable operator wishes to use a decoder other than 
that used by the BSTV station, the station will 
own the master headend decoder, and the cable 
operator will own all other headend components. 
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The second approach involves the same license fee, 
however, the BSTV station has a service agreement 
for cable operators, including those offering 
other premium program services, which state that 
the cable operator " ••• will purchase and install 
the necessary headend equipment to receive and 
deliver ••. " the BSTV station premium programs, 
" ••• and provide all installations, servicing and 
disconnects." The BSTV station will market, and 
provide the appropriate decoder for each BSTV 
subscriber on the system. The BSTV station will 
pay the cable operator $7.50 per installation and 
$2.00 per month per BSTV subscriber. In the event 
the BSTV premium program supplier sells his program 
to a BSTV subscriber, who is passed by the cable 
operator and not a cable subscriber, the BSTV 
supplier will pay the cable operator $10.00 for the 
BSTV premium program installation and $3.00 per 
month for servicing of the single channel. If the 
BSTV subscriber becomes a cable subscriber, the 
BSTV station will then pay $2.00 per month as 
above. In this case, the cable operator remains 
a contractor for installation/maintenance. 

S-C-N-C Subscriber Terminal 

The second way the S-C-N-C cable system can carry 
and unscramble a BSTV premium signal is at the 
subscriber terminal. In this way, the S-C-N-C 
operator can install the appropriate cut-to-channel 
receiving antenna, low noise preamplifier, and 
power supply at the cable system headend, converts 
the BSTV encoded signal to a vacant VHF channel and 
deliver the coded BSTV signal to all subscribers. 
Subscribers wishing to view the BSTV programs must 
be furnished a decoder which is compatible with the 
BSTV station's encoder. As indicated above in the 
second approach of the BSTV/cable system affiliate 
agreement, the BSTV station will market and provide 
the appropriate decoder for each BSTV subscriber 
on the system. Moreover, the BSTV station will 
also pay the cable operator for servicing, instal
lation, and maintenance of the BSTV decoder equip
ment. This approach centralizes all servicing and 
maintenance at the subscriber's terminal by 
affording the cable operator almost exclusive 
jurisdiction. Having this jurisdiction, can 
possibly eliminate subscriber complaints resulting 
from allowing parties, other than the television 
repairman and the cable system technician, to 
tamper with the subscriber terminal equipment. 

Without addressing the legality of BSTV station/ 
cable systems affiliate agreements, if the Com
mission were to require cable systems to carry 
BSTV premium signal placing a Grade B contour over 
the cable community, the Commission should simul
taneously address the cable system access to and 
responsibility for the BSTV premium signal decoders. 
It is noted that the S-C-N-C and the Multi-Cable
Switcher-System (M-C-S-S), unless furnishing a 
premium unscrambled signal to all subscribers, will 
have no active auxiliary equipment attached to the 



subscriber receiver (See Figure 1 and 2, respec
tively). Therefore, a decision as to S-C-N-C and 
M-C-S-S operators' responsibilities for securing 
the decoders must be ascertained. Should the 
cable operator be required to purchase these 
decoders from the premium system manufacturer or 
BSTV station? Or, should the responsibility for 
the decoders fall on the BSTV station whose sig
nal the cable system is required to carry. The 
S-C-N-C and the M-C-S-S systems can carry pre
mium programming on his system without installing 
a decoder at the subscriber terminal. This 
technique involves the installation of traps at 
the non-premium subscriber's terminal. These 
traps can prevent a non-premium subscriber from 
receiving the premium programming being delivered, 
unscrambled, over the cable system. 

A trap is placed in the cable drop, usually 
~emote from the interior of the non-premium 
subscriber's home. In communities where the 
percentage of subscribers of premium programming 
is high, a trap system, theoretically, probably 
makes more sense. The trap is inexpensive, 
relatively easy to install and virtually main
tenance free since it is not an active device 
but a passive one. It should be noted however 
that the trap only weakens the video signal, 
hopefully, so the non-premium subscriber cannot 
see it, and normally does nothing to the audio. 

An economic disadvantage to using traps can be 
illustrated by the following example. 

A cable system, \•lith 10,000 subscribers 2500 
of which are subscribing or vwuld like to 
subscribe to the premium programming, must trap 
7500 homes at a cost of approximately $7.00 
per home (which is the average cost of the most 
inexpensive trap). Therefore, approximately 
$70,000 is needed to purchase and install the 
traps, and this amount must be invested before 
the premium channel is activated and a sale made. 
Therefore, in this example, the cost of a trap is 
approximately $?1.00 per premium program sub
scriber based upon ?5% saturation of homes con-
nected to the S-C-N-C and/or M-C-S-S cable 
systems. 

Aside from the economical disadvantage, traps can 
easily be physically damaged by non-premium pro
gram subscribers to pirate the signal. In addi
tion, the installation of traps require a trained 
technician. Ho•,..ever, since the non-premium pro
gram subscriber may not allow this technician 
access to the home, it is difficult to assess 
whether the trap has removed the premium signal 
from the receiver. 

Signal Leakage 

Regardless of 1>1hether the BSTV station or the 
S-C-N-C and/or M-C-S-S operator has responsi
bility for the decoders at the subscriber's 
terminal, there is a potential problem of signal 
leakage from the BSTV signal decoders. Presently, 
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cable systems are plagued with the fact that 
television receivers are not well shielded from 
radiation of off-air-signals. This means that 
the receiver is capable of picking up a signal 
through the receiver's tuner and this undesired 
signal will cause interference to the desired 
cable signals utilizing these same off-air
channels. The S-C-N-C and/or M-C-S-S cable 
systems avoid this interference by utilizing 
channels on the system which are not utilized 
off-air in the area. Television receivers also 
radiate signals including the cable television 
signal, but this is not necessarily the respon
sibility of the cable operator. The cable 
systems' responsibility for cable radiation go 
up to, and includes, the equipment of the cable 
system at the subscriber's terminal designed to 
interface the drop cable with the subscriber's 
television receiver. Nevertheless, the cable 
system attempts to control radiation from the 
receiver by delivering a minimum visual signal 
level of 1 millivolt and/or ."' millivolts across 
a 75 ohm and/or 300 ohm terminating impedance, 
respectively, but below a maximum level such 
that signal degradation due to overload in the 
receiver does not occur. 

If, however, radiation occurs at the point 
where the drop cable interfaces with the sub
scriber's receiver, the cable operator must 
take steps to insure that the maximum field 
does not exceed 20 microvolts per meter, 10 feet 
from the cable. (See Section 76.605(a)(1?) of 
the Commission Rules). 

However, with the addition of a decoder between 
the drop cable and the subscriber's receiver, 
cable systems may no longer be able to meet the 
cable radiation standards specified in Section 
76.605(a)(1?) since the cable operator may not 
control the decoder. 

MULTI-CABLE-SWITCHER-SYSTEM (M-C-S-S) 

The same problems pertaining to the S-C-N-C 
cable system would be involved with a M-C-S-S 
cable system and therefore will not be covered 
separately. However, there are more abstruse 
policy and technical compatibility problems per
taining to the Converter-Cable-System (C-C-S) 
as will be demonstrated below. 

CONVERTER-CABLE-SYSTEM (C-C-S) 

As can be seen from Fig. 3, the C-C-S system 
utlizes a set top converter as an input to the 
subscriber television receiver. The cable 
converter is a well shielded unit, containing 
among other things, a tuner which is utilized 
in place of the receiver tuner, which is not 
well shielded. The Converter-Cable-System is 
utilized primarily in areas requiring cable 
systems with large channel capacities, and/or 
in areas Hhere a number of television broadcast 
stations furnish strong off-air signals which 
can be picked up by the television receiver 
absent the receiver's own antenna. There may be 
a few C-C-S systems providing subscribers with 



converters capable of receiving a premium channel, 
but not yet providing that programming. In such 
cases the C-C-S operator could simply unscramble 
the signal at the headend and deliver the signal 
to interested subscribers on a vacant premium 
channel. If however, the system is already 
offering a premium program service, adding the 
BSTV premium signal would involve the most diffi
cult interfacing problems and the greatest equip
ment expense. Additional or modified equipment 
at both the headend and the subscriber's receiver 
would be necessary because of the type of 
decoders and converters currently in use. Most 
converters now in use only have circuitry capa
ble of decoding one scrambled channel. There
fore, the addition of a BSTV premium signal would 
necessitate the addition of more unscrambling 
equipment at the headend and a second piece of 
equipment, the decoder, at the subscriber's 
terminal. (See Figure 7). 

Carriage and unscrambling of a BSTV premium 
signal on a C-C-S system can be accomplished by 
unscrambling at the headend or at the subscriber 
terminal. Unscrambling at the C-C-S headend 
can be accomplished by either: (1) distributing 
the unscrambled BSTV premium signal on a mid- or 
super-band channel and furnishing interested 
subscribers with a special converter on a key 
and/or card which allow the subscriber to access 
the mid- or super-band channel containing the 
BSTV programming; or (2) unscrambling the BSTV 
premium signal and then rescrambling the BSTV 

station premium signal at the cable headend for 
distribution to subscribers equipped with a BSTV 
decoder in addition to the cable converter. 
Figure 7 indicates how the latter unscrambling 
method can be accomplished. The BSTV decoder must 
be placed in series with the cable converter. 
Moreover, the cable subscriber now becomes func
tionally dependent on the cable converter and the 
BSTV decoder. Admittedly, the BSTV decoder is 
transparent and is activated only when the decoder 
switch is tuned to the premium channel. It simply 
acts as a non-active passive device for all other 
channels distributed over the cable system. How
ever, the subscriber's access to all television 
could depend on whether this BSTV decoder operates 
free of any malfunctions. In addition, the BSTV 
decoder, installed as depicted in Fig. 7, will 
increase the possibility of signal leakage from 
all channels, including the BSTV channel, passing 
through this decoder. While the typical decoder 
does not contain an oscillator capable of radi
ating a signal, it must be well shielded to 
preclude the cable signal from radiating, and 
simultaneously prevent off-air signals from 
infiltrating the cable signals to cause inter
ference. Therefore, the problem facing the 
S-C-N-C and M-C-S-S operators in adhering to the 
cable technical standard specified in Section 
76.605(a)(12) will also face the C-C-S operator. 
The decoder is equipped with 75 ohm input and 
output leads similar to the cable converter. The 
75 ohm output of the cable converter is attached 
to the 75 ohm input of the dec0der and the 75 ohm 
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output of the decoder must be connected to a 
matching transformer which interfaces the 75 ohm 
decoder to the 300 ohm antenna terminal of the 
television receiver. Therefore, a cable sub
scriber wishing to view the BSTV premium program 
would tune the cable converter to the channel on 
which the BSTV signal is being distributed by the 
cable system thereby viewing a scrambled signal 
until the decoder is activated to unscramble the 
signal. 

OFF -AIR RECEPTION OF BSTV SIGNAL BY CABLE SUB
SCRIBER 

Another alternative way to interface the BSTV 
premium signal with the cable system, is to 
install a separate BSTV station antenna at the 
cable subscriber terminal. (See Figure 8). 
This technique involves installing a UHF antenna 
at the subscriber terminal where the antenna out
put lead consists of a 75 ohm coaxial cable 
~ttached to a converter/decoder input jack. The 
~onverter~ecoder unit which contains a converter 
and a decoder converts the BSTV, UHF signal to a 
vacant VHF channel, usually Channel 3, and the 
signal is unscrambled by the decoder in this 
unit and sent through the VHF output terminal. 
The converter/decoder VHF output terminal is a 
75 ohm coaxial cable. This output lead can then 
be interfaced with the cable subscribers' 
receiver through an "A" and ''B" switch connected 
to a 75/300 ohm matching transformer attached to 
the receiver antenna terminal. This technique 
allows the subscriber to receive both the cable 
system service which may include a pay cable 
channel and also receive the BSTV station premi
um programming over the same receiver. Z( It 

1( There are other versions of this technique, 
for example, the BSTV station receiving antenna 
and a decoder could be attached to the receiver's 
UHF antenna terminal. However, the technique 
above is sufficient to address the interfacing 
proble!IIB. 

does, however, call for a specific installation, 
maintenance, and service agreement between the 
cable operator and the BSTV station to avoid the 
possibility of having service delays or conflicts 
between the two services. The subscriber should 
in no way be caught between the two services when 
there is a malfunction or a complaint from a 
subscriber terminal. 

It should be noted however, that since both 
services are using a converter, the converter's 
output channels may be identical depending on 
what off-air channel is vacant in the area. 
Therefore, the BSTV converter/decoder unit must 
furnish sufficient isolation to prevent reflec
tions caused by open circuited or short-circuited 
subscriber terminals from producing visible 
picture impairments on the cable signals. ~ It 
is suggested because of the close proximity of 
the two terminals that the isolation be in the 
vicinity of 50-60 db for the off-air BSTV system 
at the cable subscriber terminal. In addition, 
the BSTV system radiation must be substantially 
reduced so as not to cause interference to the 
cable system or any other receiver off-air recep
tion. The cable system, as indicated above, must 
not radiate in excess of 20 microvolts per meter 
at a distance of 10 feet from the cable when 
utilizing channels between 54 and 216 MHz to 
distribute its programming. It should be pointed 
out that once this switch is installed and a 

g( Cable systems are required to comply with 
Section 76.605(a)(11) regarding terminal isola
tion which states: The terminal isolation 
provided each subscriber shall be not less than 
18 decibels, but in any event, shall be suffi
cient to prevent reflections caused by open 
circuited or short-circuited subscriber tei~i
nals from producing visible picture impairments 
at any other subscriber terminal. 
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complaint from an off-air, non-cable subscriber 
alleges interference, it would be virtually 
impossible to determine which one of the systems 
is at fault. This further demonstrates the 
necessity for a service agreement between the 
systems. This BSTV off-air system appears to be 
compatible with all three types of cable systems 
regardless of the STV-Model system utilized by the 
BSTV station. However, in the M-C-S-S system a 
three way selector switch would have to be used 
with a dual cable system. 

MULriPLE BSTV STATION IN THE CABLE COMMUNITY 

While the technical compatibility problems of 
interfacing cable with a single BSTV station are 
major, these problems become much more abstruse 
when two or more BSTV stations placing Grade B 
signals over the cable community may require 
carriage on the cable system. The Commission on 
December 15, 1977 adopted a Notice of Proposed 
Rule Making in Docket 21502 J[/ in which it was 
stated: "Because of the significant interest 
presently being shown by broadcasters and the 
public in the operation of BSTV stations and 
the development of the industry since ••• 1969, we 
are proposing to consider a change in the 'one
to-a-community' requirement specified in Section 
73.642(a)(3) •.• " 

Regardless of whether or not the Commission 
amends the "one-to-a-community" rule, cable svs
tems may be receiving two or more BSTV sta-
tions with at least Grade A contour signals over 
their cable communities under the present rule. 
Therefore, if the Commission decides that cable 
systems must carry BSTV station's premium pro
grams, additional equipment will be needed at 
both the cable headend and subscribers terminal. 
Since the premium encoding/decoding system 
discussed herein, as well as those already 
approved by the Commission, are not compatible, 
the subscriber terminal would have to be modified 
by either: (1) a decoder, whether connected to 
the drop cable or connected to a separate BSTV 
reception antenna, for each BSTV station carried 
on the system and requested by a subscriber; 
(2) traps, or (3) a new unscrambling unit would 
have to be developed and placed on the market 
replacing the present BSTV decoder as well as the 
cable converter. This multiple premium signal 
converter must be capable of receiving and decod
ing multiple premium program channels at the 
subscribers terminal. Currently, the cable con
verter is only capable of decoding one premium 
encoded channel. When other premiu~ncoded 
channels are carried on the system, either: 

(1) a decoder is added in series with the cable 
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converter; (2) a trap is used to weaken this 
extra premium signal on the non-premium subscriber 
receiver who is not interested in paying for and/ 
or receiving this extra premium signal, or (3) 
off-air antenna(s) with the appropriated conver
ter/decoder must be installed. 

Cable systems should assume that if there is a 
potential market for multiple premium program 
channels, many of their cable subscribers may be 
willing to invest an additional $7.87 "0/ per 
month above their average $7.50 per month basic 
cable subscription fee plus $7.87 for the premi
um cable program. This would involve a total 
monthly fee of approximately $23.24 from those 
cable subscribers wishing to view at least two 
premium programs. At this monthly rate, one 
would not expect to have very many multiple 
premium channel cable subscribers. However, if 
for some reason the monthly cost per premium 
channel starts to decline to a rate where there 
could be a potential market for multiple premium 
program channels from cable subscribers, the need 
for a new converter/decoder unit, capable of 
handling multiple premium program channels 
becomes more pressing. In this regard, it is 
noted that there presently exists a number of 
premium program companies 22( attempting to make 
their product available to subscribers by using, 
in addition to cable systems, other distribution 
systems ~.g., Multipoint Distribution Service 
(MDS), 25/ Master Antenna Television (MATV) 

2Q( This fee was extracted from 
Fact Sheet Information Bulletin. 
a "Typical Pay Cable Rate." 

NCTA's Pay Cable 
This represents 

22( Some premium program suppliers are: Asso
ciated Press; Bestvision, Inc.; Broadband; 
Cinemerica, Inc.; Hollywood Home Theatre; Home 
Box Office; Optical Systems; P.R.I.S.M.; Pay TV 
Services; Reuters; Sat0ni Productions; Showtime
Viacom; Star Channel; United Press International; 
Warner Qube; and Home Theatre Network, Inc. 

2S/ MDS stations can utilize two adjacent chan
nels in the top fifty markets. The band 2150-
2"56 MHz is designated Channel 1 and is available 
in all markets. The band 2156-2162 MHz is desig
nated Channel 2 and is available in the top 50 
markets. Therefore, it is conceivable that many 
cable communities within a 25-30 mile radius of 
the top 50 markets could be receiving at least 
2 MDS stations offering different programs on 
each station. As of February 14, 1978 the 
Commission had granted 169 MDS construction per
mits throughout the country for Channel 1. There 
are approximately 360 pending construction permit 
applications on file; and 51 MDS stations licensed 
around the country. 



systems, Common Carrier Satellites and Point-to
Point Microwave, and BSTV station~. It is con
ceivable that all the above distribution systems 
could be offering different premium programming 
in the cable community and some cable subscribers 
may request one or more additional premium chan
nels from the abundance of premium channels avail
able. 

Presently, it appears that a major market area 
could have the following compliments of premium 
program: two, MDS stations; two, satellite premi
um program channels (HBO and Viacom are two of 
the largest national premium program suppliers 
using satellite); and MATV systems in large apart
ments, hotels and motels are presently offering 
premium programming. 

Therefore, with little or no government inter
ference, cable systems operating in such diverse 
premium programming markets, are not presently 
encountering any difficult compatibility/inter
face problems which are not being handled. 

PIRACY 

Piracy is the curse of any premium program sub
scription service. Manufacturers are constantly 
examlnlng new encoding/decoding techniques for 
their systems to minimize piracy. Nevertheless, 
piracy continues to occur. It is possible for 
a BSTV station signal utilizing either the STV 
Model-1, 2 or 3 system to be pirated. However, 
pirating may be easier and faster on the STV 
Model 3 system and much more difficult to vir
tually impossible on the STV Model 1 and 2 
systems,respectively. In any event, pirating 
the BSTV station's signal by breaking the code 
used by any of the hypothetical models would 
involve varying degrees of sophisticated elec
tronic equipment. Moreover, the equipment 
involved would probably be beyond the means of 
even the most competent TV repairman. 22/ 
Pirating the signal is further complicated when 
the premium signal encoding is varied from pro
gram to program as in the STV Model -1 and 2 
systems. 

Unscrambling the STV Model 3 system, involves the 
lest knowledge of electronics and/or electrical 
engineering. In the STV Model 3 system, if the 
interference signal impressed on the normal 
composite video signal and the intercarrier audio 
signal can be duplicated, the system can be de
feated. 

jj/ Blonder-Tongue in an information brochure 
entitled How to Secure Your Pay TV Investment, 
estimates that the technician would probably 
need more than $15,000 of laboratory test equip
ment and a masters degree in electrical engi
neering to unscramble an encoded audio and video 
system using integrated circuits. 
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In the STV Model-1 system, which appears to be 
more secure that the STV Model 3 system, more 
knowledge of electronics is required to defeat 
this system. Since this system uses an inversion 
of the video raster in a fixed pattern, the 
pattern for the entire vertical frame appears to 
be during the vertical sync interval and/or is 
keyed into the horizontal sync period. There
fore, it appears that the circuitry to duplicate 
the decoder can be constructed by a competent 
electronic/electrical engineer. If duplication 
of the decoder, and the coded program select 
ticket can take place, the Model-1 system can be 
defeated. 

The STV Model-2 system appears to be the most se
cure, however, it also is more expensive. This 
system provides, simultaneously, features that 
the Model-1 and 3 systems cannot. The Model-2 
system provides the following features simul
taneously: 

1. Scrambling via inversion of some of 
the horizontal scan lines, producing 
a fuzzy picture which is unpleasant 
to watch. This method is undetect
able by electrical means. This is 
not true for the Model-1 and 3 
systems. 

2. Specific program control of video 
and audio scrambling at the station. 
This allows the BSTV station to 
"turn on" or "turn-off" a large 
number of subscriber's decoders 
every minute. 

3. Two-way communication is provided 
by telephone lines. This allows 
service requests from the subscriber 
to travel, by telephone interface, 
to the BSTV station, thereby, elimi
nating the need to make service 
requests well in advance of premium 
program transmission. 

4. The functional dependence of the 
decoder on the BSTV station's 
control signal. The absence of a 
command signal directed at the 
decoder automatically causes the 
decoder to become disabled. There
fore, theft of the decoder or failure 
to pay for service can be countered 
with a quick disabling of the de
coder. This avoids the need to 
physically travel to the decoder 
site. 

It appears that unscrambling the Model-2 sys
tem can only occur by obtaining a decoder sur
repetitiously and then duplicating the command 
signal from the BSTV station's. However, as 
indicated in the beginning of this section, the 
BSTV premium signal can be pirated, even though 



the STV Model-2 system furnishes the most secur
ity. It appears that individuals who surrepti
tiously obtains a decoder for the Model-1 and 3 
systems would have access to the unscrambled 
premium programming. In the Model-1 system, it 
is not difficult to duplicate the insert card. 
This form of piracy appear to be the primary way 
BSTV stations premium signals are being pirated. 
When a BSTV premium program subscriber using 
a STV Model-1 or 3 decoder moves from one loca
tion to another within the station's service area, 
and illegally takes the decoder, these decoders 
can easily be re-connected at the new location. 
Therefore, this former subscriber is now able to 
view the BSTV decoded premium programming without 
the knowledge of the BSTV station. Surrepti
tiously securing a STV Model-Z decoder would not 
automatically allow the person to view the de
coded premium programming. It appears, there
fore, that pirating can be virtually eliminated 
when the STV Model-l system is utilized. 

What problem would a mandatory carriage rule have 
on the cable system ability to receive a good 
quality BSTV station signal? 

The proposed Commission rules regarding carriage 
of the BSTV station's signal by cable system have 
been directed at the station's predicted Grade B 
contour. As indicated in the history section of 
this paper, the Commission, on March 21, 1966, 
adopted a Further Notice of Proposed Rulemaking 
and Notice of Inguiry in Docket No. 11279, and 
invited comments on the question, inter alia, 
would the rules on carriage of signals of local 
stations over cable systems apply to carriage of 
BSTV premium programs? Moreover, in a Third 
Further Notice adopted on December 12, ~ ~ 
the Commission proposed that cable systems 
operating within a BSTV station's Grade B contour 
carry both the coded and uncoded programming of 
the BSTV station, exclusive of decoding the coded 
signal at the cable system headend. This Notice 
also invited comments on a proposed rule which 
stated that cable systems may not extend the 
BSTV station's premium programming beyond the 
station's Grade B contour. 

The BSTV station predicted Grade B contour is 
simply that, a predicted contour. It is a sta
tistical tool used by the Commission to define an 
area where 50 percent of the viewers, having an 
outdoor antenna 30 feet high, can expect satis
factory reception 90 percent of the time. The 
Grade B contour reveals nothing regarding the 
actual availability of a television station's 
signal in a given area. Actual field strength 

i5( Third Further Notice of Proposed Rulemaking 
in Docket 11279, FCC 68-1175, 15 FCC 2d 601. 
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measurements and/or visual observation are tech
niques utilized by the Commission in the past 
to determine the actual availability and quality 
of a television station signal in a given area. 
Because of the terrain in certain areas, the 
Commission has been aware of situations where 
communities located only a few miles from tele
vision stations have been unable to receive 
these stations off-air signals even though the 
community was well within the station's predicted 
Grade A and B contours. 

In addition, there is no way, absent actual field 
test, to determine whether the BSTV station 
premium signal coverage extends as far as the 
non-premium signal of a BSTV station. Under 
Section 73.644(b)(4), the BSTV station is pre
cluded from transmitting its premium and non
premium programs at different signal strengths. 
The rule states: 

The technical system shall enable sta
tions transmitting subscription tele
vision programs to produce visual and 
aural signal coverage and receive 
program quality not significantly 
inferior, in the judgment of the 
Commission, to that produced by sta
tions using the normal • • • trans
mission standards ••• without 
employing additional effective 
radiated power for either the visual 
and aural signals. 

Moreover, the quality of the STV signal must not 
be degraded as referenced in Section 73.644(b)(5) 
as follows: 

The encoded visual and aural programs 
shall be recoverable without percepti
ble degradation as compared to the same 
programs transmitted in accordance with 
Commission monochrome and color standards. 

However, with the diversity of encoding/decoding 
system on the market and since there are only two 
operating BSTV stations in the country, the 
Commission should probably allow ample time to 
elapse to assess the practical feasibility of 
BSTV stations' compliance with Sections 73.644(b) 
(4) and (5) of the Rules. Therefore, it would be 
premature without additional research 
for the Commission to formulate rules 
on cable carriage of BSTV premium pro
gramming based on the station's present 
Grade A and B contours. 
TRANSLATOR 

It is also noted that when 100 watt television 
translator stations are used to rebroadcast a 
BSTV station signal, problems regarding the for
mulation of mandatory carriage rules become more 
complex. Presently, cable systems are required to 
carry 100 watt translators licensed to the cable 
community. One problem confronting cable systems 
is the translator frequency tolerance. Section 
74.761(a) of the Commission's Rules states that a 
transmitter rated at not more than 100 watts peak 



visual power, shall maintain the output frequency 
within 0.02% of the visual carrier and the aural 
carrier center frequencies for the assigned trans
lator channel. This translator tolerance has 
been especially troublesome to cable television 
systems. On April 20, 1977, the Commission in the 
R~ort and Order of Docket 20765, 64 FCC 2d 743, 
74 (1977) relaxed certain frequency control 
standards for cable systems in receiving and 
retransmitting TV translator signals because these 
signals "in some cases are not required to have 
such close frequency control." Responding to 
comments of New York and New Jersey cable regula
tors that translator standards ought to be 
tightened, Commission said "we do expect to 
examine the question of frequency tolerances for 
low power translator stations, but we believe 
this matter should be dealt with in a separate 
proceeding." 

Cable systems re-transmitting television trans
lator stations must maintain the visual carrier 
frequency 1.25 MHz ~25KHz above the lower 
frequency boundary of the cable television 
channel when the first adjacent cable channels 
to the channel carrying the translator are 
used. 15/ Because these 100 watt translator's 
frquency tolerance can vary as much as ± 178 KHz 
for Channel 83, cable operators are required 
to capture this ± 178 frequency tolerance signal 
in a ± ?5 KHz window and thereafter, deliver this 
translator signal to the subscriber terminal with 
the visual carriage frequency 1.25 MHz ! 25 KHz. 

Moreover, with the Commission adoption on 
December 8, 1977 of the Re~ort and Order 
in Docket 20539, FCC 77-83 , 67 FCC 2d Pamphlet 
3, 43 F. R. 1943 allowing translator to use 
modulation when a television signal is trans
ported to a translator by FM microwave, the 
quality of the BSTV station signal traveling via 
translator becomes a critical issue for cable 
systems. Each demodulation/remodulation step in 
a television system affects the quality of the 
signal. Therefore, cable systems receiving a 
BSTV station signal via a 100 watt translator 
and demodulate the translator signal at the 
cable headend and then remodulate the signal 
for distribution over the cable system, may be 
delivering such a poor quality BSTV premium 

jj/ However, Section 76.605(a)(2) affords some 
relief to cable systems when the cable: (1) 
signal is received by means of a translator and 
(2) does not carry signal on neither of the first 
adjacent channels in frequency to the channel on 
which the translator signal is carried. In this 
case the visual carrier frequency shall be main
tained 1.25 MHz ± (25 + T) KHz above the lower 
frequency boundary of the cable television chan
nel where T is the frequency tolerance in KHz 
allowed the television broadcast translator pursu
ant to 74.761 of the Rules. 
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signal that no cable subscribers would be willing 
to subscribe to this premium programming. These 
are potential problems that only experience under 
actual operating conditions in the marketplace can 
hopefully furnish answers. It does appear how
ever, that the translator problems become less 
critical when the off--air cable/BSTV system 
depicted in Figure 8 is utilized: Provide, how
ever, That appropriate radiation and isolation 
standards are formulated to interface the BSTV 
premium system with the cable system: And 
Provided further, That the service, installation 
and maintenance agreement problem between the 
systems could be addressed to minimize the number 
of technicians allowed to tamper with equipment 
at the cable subscriber terminal. 

Conclusion 

The author has attempted to give an overview 
of the interfacing problems that could occur if 
the Commission in all its wisdom, were to require 
mandatory carriage of the premium programming 
from BSTV stations. It should be evident from 
this paper, that any attempt to formulate policy 
and/or a set of rules at this time may result in 
c~rtailing the technological developments occur
ring in both the BSTV premium system and the 
cable system markets. The author is of the opin
ion that it would be pre-mature without further 
research for the Commission to get involved at 
this time. With technology changing at such a 
rapid pace, it is not unreasonable to assume that 
a reasonably priced, multiple premium signal unit 
at the subscriber terminal could be available 
within a few years: Provided, however, That a 
market exist and that it would be in the public 
interest. Cable operators should monitor close
ly any attempt by the Commission to: (1) standar
dize BSTV premium systems; (2) formulate addi
tional or modified technical standards for BSTV 
premium encoder/decoder systems, and (3) estab
lish a policy and/or specific rules ragarding 
mandatory carriage of BSTV station premium 
signals over cable systems. Moreover, cable 
systems should also: (1) monitor attempts by 
new and existing operating stations to inter
face their premium programming with cable 
subscribers within their service area, (2) 
comment on,and furnish technical data in,any 
proceeding from, or submitted to the Commission 
regarding cable carriage of a BSTV station 
premium programming, and (3) assist equipment 
manufacturers of both encoding/decoding and 
cable equipment in developing a multiple premium 
signal unit for the cable subscriber terminal. 

Note: Statements which have appeared in this 
paper are those of the author alone, and 
does not necessarily represent the posi
tion of the Federal Communications 
Commission. 
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LINEAR LASER FOR CATV APPLICATION 

C. J. Hwang 

General Optronics Corporation 
South Plainfield, New Jersey 

Ab~~ractf- T~e stru~tur~ a~d the prop- the light output vs. the current input of 
er 1es o a ~ser tat_ el1vers up to 7 the light source. The latter requires a 
mW per face l1near opt1cal power with light source that is fast enough to re-
respect to the curr~nt are described. spond to the modulation of the carrier 
The lasers are fabr1cated fr~m ~aAs- frequencies. A properly designed in-
Ga~lAs.wafers g7own by the l1qu1d phase jection laser diode can meet the above 
ep1tax1al techn1que. By carefully con- two requirements In th' t 

11
- th . . . . . 1s paper, we 

ro 1n9 e wav~gu1de d1mens1ons Wlth describe the structure, fabrication, prop-
p~oton 1mplantat1on, we have substan- erties and performance of such a laser 
t1ally 1mproved the linearity. The · 
second and third harmonics are respec
tively less than 55 dB and 65 dB below 
the fundamental at 70% modulation. The 
signal to noise ratio is typically less 
than 65 dB. The laser has been used to 
transmit 12 channels of TV signal through 
a single fiber of more than l mile long 
without deterioration of the picture 
quality. 

I. INTRODUCTION 

In a conventional CATV system, the 
base band signal is carried by carrier 
waves which propagate through the cable. 
At the receiving end, a TV receiver de
modulates the carriers and displays the 
information from the base band signal on 
the screen. In order to be competitive 
with this conventional system, a fiber 
optic CATV should be designed in such a 
way that minimum interfaces between the 
transmitter and receiver are introduced. 
This can be achieved by using the car
riers to modulate the source light. The 
light is then sent through an optical 
fiber. A photodector at the receiving 
end is used to recover the signal which 
is subsequently fed to the conventional 
receiver. In effect, a light source, a 
piece of fiber and a photodector is used 
to replace the conventional coaxial 
cable. 

This analog system will be basically 
simple and cost effective if two re
quirements are met. The first is that 
the carriers are faithfully recovered 
at the receiver for distortion free 
signal transmission. The second is that 
the light source must have a broad band
width 50 MHz to 250 MHz. The former 
requires a high degree of linearity in 
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II. STRUCTURE OF A HIGHLY LINEAR LASER 

An injection laser is a semicon
ductor p-n junction device which emits 
coherent light upon application of a 
forward bias. Its use as a light source 
for fiber optic communication is partic
ularly suitable because of small size, 
high coupling efficiency, direct mod
ulation capability and easy interface 
with conventional electronic circuitry. 
There are many different kinds of in
jection lasers. Among them, the stripe
geometry GaAs-GaAlAs double hetero
structure lasers are the most developed 
and reliable devices which have been 
widely used since its introduction in 
the early 1970's. Most of the previous 
applications of the GaAs-GaAlAs lasers 
however, concerned only with using the 
laser as a light source; the problems 
associated with the linearity, and self
pulsing and relaxation oscillation which 
limit the bandwidth for modulation and 
are commonly observed in an injection 
laser were never considered serious. It 
was until a few years ago, when the lasers 
were used in the fiber optic area for 
data transmission, the problems of lin
earity and modulation rate started at
tracting wide attention. Many new 
structures have since been developed to 
improve the linearity and suppress self
pulsing and relaxation oscillation. We 
have developed a laser structure which 
possesses high degree of linearity and 
does not show self-pulsing and relax
ation oscillation. 

The structure of the laser is shown 
in Figure l. The size of the laser is 
typically 380 ~m long x 250 ~m wide and 
100 ~m thick. It consists of four epi
taxial thin crystalline layers on a GaAs 
substrate. The epitaxial layers are 



grown by the liquid phase technique. Fig. 
1 shows a very thin p-type GaAs layer 
which is sandwiched between the two 
GaAlAs layers containing 24% Al. The 
interfaces between the GaAs layer and the 
two GaAlAs layers consist of two hetero
junctions and hence the name double 
heterostructure. The two GaAlAs layers 
have larger energy gap than the GaAs lay
er. The larger energy gap produces two 
potential barriers at the heterojunctions. 
When a forward bias is applied, the pos
itive and negative charge carriers are 
confined in the thin GaAs layer by the 
potential barriers and are forced to re
combine. The emitted recombination ra
diation is further confined and guided in 
the GaAs layer because the layer has a 
higher refractive index than the two 
surrounding GaAlAs layers. Sufficient 
optical gain can be generated in this 
GaAs active layer by the interaction be
tween the emitted protons and the charged 
carriers. As the forward bias increases 
to the point called the lasing threshold, 
the optical losses caused by the absorp
tion and scattering are overcome by the 
optical gain. The laser oscillation can 
occur if a pair of mirrors is provided. 
In the case of semiconductor lasers, the 
mirrors are usually formed by a set of 
crystalgraphic planes and therefore no 
external mirrors are needed. 

1,5.LJI1l 

/ 

380!.Jm 

n GaAs: S1 SUOSTRATE 
3 x 1013 crn- 3 

Fig. l Layer Structure of the 
Stripe-Geometry Double Hetero
structure Laser. 

At a typical threshold current density 
of lKA/cm2, it requires one ampare to 
operated a laser with the dimensions shown 
in Fig. l. Thus, even for such a small 
device, a very efficient heat sinking must 
be used in order to achieve CW operation. 
Futhermore, such a device generally ex
hibits multimodes as well as multi-lasing 
filaments in the plane parallel to the 
junction. The size of the filament is 
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between 5 to 10 ~m. The concept of a 
stripe-geometry laser is based on the 
idea that by forming a stripe contact of 
the size of a filament, one should excite 
only one filament. In addition, the 
total current required to operate the 
laser is greatly reduced and thus is fa
vorable for CW operation without using an 
elaborate heat sink. The waveguide dim
ensions in this case is thus defined by 
the two heterojunctions in the vertical 
direction and by the current spread in 
the active layer in the horizontal di
rection. Because of the dimensional 
asymrnentry and difference in waveguiding 
mechanisms in both directions, the light 
pattern diverges 45° vertically and 10° 
horizontally. 

III. PROPERTIES OF A HIGHLY LINEAR LASER 

The light output vs. current input 
characteristics is shown in Fig. 2(a). 
The light intensity increases very slowly 
initially. As the current increases be
yond the threshold of the laser, the 
light intensity increases very rapidly. 
The degree of linearity of the laser is 
determined by the behavior of the light 
output with the input current in this 
range. If the waveguide dimensions are 
not stable with respect ot the current 
variation, poor linearity results. In 
the extreme case, a kink in the output 
as shown in Fig. 2(b) is observed This 
nonlinearity is unacceptable in the CATV 
system. 

OPTICAL POWfR QUI PUT FROM ONE- MlfHlOR 'rnW' 

H 145 !7 21 
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0 50 150 

CURRENT lr;1AI 

Fig. 2 Output Characteristics 
of Linear and "Kinked" Lasers. 

In most of the commercially avail
able lasers, the stripe contact is formed 
by cutting a stripe opening on an insu
lating layer deposited on the surface. 
Because of the finite distance of the 
active layer from the surface, the current 
spreads substantially by the time it 



reaches the active layer. Since the ex
tent of the current spread depends on the 
current, the lateral waveguide dimension 
also changes with current. This type of 
laser, although is simple to make, often 
shows poor linearity as well as poor 
transverse mode stability. On the other 
hand, our laser uses proton implan-
tation to define the stripe. The im
planted region as shown by the shaded 
region in Fig. 1 turns into semi-in
sulating and hence only the stipe region 
can conduct current. Furthermore, the 
current spread can be controlled by the 
implantation depth. If the implantation 
depth is equal to the distance of the 
active layer from the surface, the current 
spread in the active layer is greatly 
minimized. Consequently, we have a much 
better defined waveguide with respect to 
the current variation and hence the su
perior linearity and more stable trans
verse mode structure. 

For analog modulation, a constant 
current greater than the threshold value 
is used to bias the laser. The TV 
carrier shgnals are superimposed to pro
duce the modulation. The bias curreht 
and modulation depth are then adjusted 
to obtain minimum distortion and max
imum signal to noise ratio. It is im
portant to point out, however, that dis
tortion can still be introduced by op
erating the laser improperly even though 
the laser is perfectly linear. As is 
common to all light emitting devices, 
the laser properties are sensitive to 
the temperature variation. The temper
ature variation causes the threshold 
current to change which in turn shifts 
the curves in Fig. 2 horizontally. The 
shape of the curves remain unchanged. 
Thus, for a constant bias current, the 
bias power can fluctuate in an fluc
tuating ambient. This can cause an 
apparent nonlinearity in the light out
put vs. current input characteristics. 

It is, therefore, required to de
velop some means to stabilize the bias 
point for distortion free transmission. 
We have designed a feedback curcuit which 
is capable of keeping the laser operating 
at a constant output power. A photo
dector placed near one of the mirrors is 
used to detect the laser light. The 
signal from the photodector is amplified 
and fed into the base circuit of a tran
sistor to control the collector current 
which passes through the laser. The rf 
modulation signal can be applied directly 
to the laser through some appropriate im
pedance match network. Because the slope 
of the light output vs. input current 
(Fig. 2(a)) is quite steep, only a small 
input signal is required to obtain rela
tively deep modulation. For example, a 
0.75 volt peak to peak rf signal can 
produce more than 70% modulation when the 
laser is in series with a 70Q resistor and 
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is directly connected to a 75~ input 
source. An even smaller voltage can be 
used if an appropriate impedance match 
network is used. Fig. 3 shows an optical 
transmitter designed for transmitting 12 
channels of TV signals through a single 
fiber. A transformer was used to match 
the 7SQ system to an 18~ input. It also 
incorporated a thermal electric cooler 
which ensures the operation of the laser 
at 25°C even the ambient temperature gets 
as high as 70°C. 

Fig. 3 A CATV Optical 
Transmitter. 

The frequency response of the 
package is essentially flat from 10 MHz 
to 280 MHz. In this frequency range, 
second and third harmonics are typically 
less than 55 dB and 65 dB respectively 
below the fundamental at 70% modulation 
when the laser is biased at 3 mW. For a 
12 channel input, the bias point and mod
ulation depth were adjusted to give 
maximum signal to noise ratio and minimum 
cross modulation. A signal to noise ratio 
of less than 65 dB with cross modulation 
of less than 60 dB was obtained. The 
transmitter was used to transmit 12 
channels of TV signal directly from an 
antenna through 1 mile of optical fiber 
without any visible distortion. 

IV. CONCLUSION 

Because of its large bandwidth, the 
injection laser is suitable as a light 
source for fiber optic CATV application. 
The simplest and most economical CATV 
system, however, demands high degree of 
linearity on the light output charac
teristics of the laser. We have been able 
to make such high quality lasers by 
properly controlling the waveguide 
structure of our laser. 



LOW COST CARS BAND MICROWAVE SYSTEMS 

Dana W. Atchley, Jr. and Edmond J. Forbes 

Microwave Associates, Inc. 
Burlington, Massachusetts 

ABSTRACT 

This paper summarizes the efforts expended 
by Microwave Associates, Inc. during the past 
year resulting in the design and placing into 
production a line of compact CARS band FM 
microwave receivers and transmitters using cost 
effective techniques borrowed from those used 
by the Company in mass producing microwave Gunn 
diode RF powered transceivers for the police 
radar and intrusion alarm markets. The compact 
new CARS band units, produced at a fraction of 
the cost of traditional designs, also rely 
heavily on the latest linear and digital inte
grated circuits which have appeared on the 
market during the past two years. The paper 
covers both digital and analogue methods of 
stabilizing Gunn diode oscillators that are 
compatible with high quality video modulation. 
The authors also discuss both the technical and 
cost considerations of systems interfacing with 
TVRO terminals and CATV head ends incorporating 
these new designs. 

BACKGROUND 

Traditionally, CATV operators have been using 
microwaves to import channels from other areas by 
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FIGURE 1. A TYPICAL 1978 CATV NETWORK 
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locating a directional TV antenna at some strategic 
high point,and bringing in its received signals by 
as many as five hops of either private or common 
carrier microwave to the cable head end. This 
particular use of microwaves remains important but 
it is also now possible to bring in channels con
sidered high quality from both a technical and 
entertainment point of view via a satellite 
receive-only terminal for a relatively modest 
investment. It is estimated that there are as 
many as 200 such terminals in operation today. 

TODAY'S CATV SYSTEMS 

The typical 1978 CATV network may well be a 
hybrid one combining perhaps four imported channels 
using up to two hops of microwave such as the low 
cost units to be described in this paper, a TVRO 
terminal located in a site which may or may not 
use some low cost microwave to transport say three 
satellite-receive channels to the operator's head 
end and possibly up to two hops to couple the TVRO 
output to other head ends either owned by the 
operator or cost-shared by operators in readily 
accessible adjacent towns. Figure (1) is one 
possible arrangement. The typical 1978 network 
will also have up to three channels involving 
local origin of some sort. For all the above 
uses, the selection of microwave vs. cable vs. 
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CABLE 
TRUNK 



common carrier will be particularly sensitive to 
the cost trade-offs involved. If lakes, rivers, 
expensive real estate, or any area with a high 
political/red tape content must be bridged, the 
low cost microwave system will probably win out. 
Cables over short distances, where a large number 
of channels are involved, will probably be the 
method of choice in flat farmland or its 
equivalent. 

In recent years, amplitude-modulated 
microwaves have been used extensively with systems 
involving up to 40 channels. Systems with fewer 
channel requirements such as found in rural areas 
are generally attracted to the low cost FM systems 
described in this paper. FM systems also offer an 
advantage in regions of frequent heavy rainfall, 
purely due to the greater fade margins. 

LOW COST MICROWAVE DEFINED 

The authors hav~ ~bg~en to identify the term 
"low cost microwave"\lJ\ZJ with the rather large 
grouping of commercial microwave components and 
subsystems which have mushroomed in volume in the 
past five years and are generally associated with 
pol ice radar, intrusion alarms, sensors for door 
openers, etc, All of these subsystems have one 
common technology in that they rely on the use of 
one or more small gallium arsenide Gunn diodes. 
J. B. Gunn, a member of the IBM technical staff, 
invented the diode that bears his name in the 
middle sixties. This tiny device has the property 
that when mounted in a small resonant cavity and 
powered by approximately 10 volts of DC, the DC 
is converted directly into useful readily modu
lated microwave energy. For several years, these 
Gunn diode oscillators have been also used as 
local oscillators in microwave super-heterodyne 
receivers in more sophisticated systems. Their 
use in communications systems up until a year ago 
has been somewhat limited due to their general 
tendency to drift downward in frequency with 
increase in temperature, thus requiring an oven 
for stable performance. 

THE TRANSMITTER 

During the past year, economical phase-locked 
Gunn oscillator circuits have been developed. 
Figure (2) shows a cutaway of a Gunn oscillator 
from an MA-12XC transmitter suitable for FM vldeo 
modulation. Using cheap external circuits, this 
unit can be phase-locked to a crystal to achieve 
stability over wide temperature ranges. 

As can be seen, the cutaway shows three 
separate resonant cavities interconnected by 
variable iris couplers, The left hand cavity 
with a large flange contains the basic Gunn 
oscillator and a gallium arsenide tuning varactor 
accessible electrically from both sides. All 
interconnections to the diodes are through 
cylindrical RF chokes with the ability to pass DC 
and modulating voltage but presenting a high 
impedance, hence isolation to microwave energy. 
The small white ceramic cylinders seen in the upper 
portion of the left and right hand cavities are 
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FIGURE 2. OJTAWAY OF 12XC GUNN OSCILLATOR / 
AFC ASSEMBLY 

used for mechanical tuning. In this unit, while 
most of the oscillator energy is coupled to the 
load (antenna) through the flange/iris combination 
on the extreme left, the smaller iris in the back 
of the oscillator cavity feeds a fraction of the 
energy to a Schottky mixer diode in the center 
cavity. The third cavity on the right hand con
taining a multiplier-type varactor diode is 
coupled to the right hand end of the mixer cavity, 
This varactor diode is driven by approximately 
15 milliwatts at 200 MHz. The 200 MHz is gener
ated by 100 MHz overtone crystal oscillator which 
drives a transistor doubler. When this 200 MHz 
energy impacts the varactor, a spectrum of micro
wave energy is generated with comb lines separated 
by 200 MHz. The oscillator cavity is mechanically 
adjusted to provide a signal which, say 12.75 GHz, 
when mixed with one of these 1 ines, for instance 
12,8 GHz, produces heterodyne signal at approxi
mately 50 MHz. This 50 MHz signal passes through 
a limiter-preamplifier and then is divided down 
to 6.5 KHz by several very economical integrated 
circuit divider circuits. Similarly, an 8 MHz 
"reference" crystal is subdivided to 6.5 KHz. The 
two 6.5 KHz signals are then applied to a low cost 
IC which performs as a phase comparator. The DC 
error output of the comparator is fed back to the 
gallium arsenide tuning varactor in the Gunn diode 
oscillator which varies the VCO frequency until 
the oscillator "locks up" at 12.75 GHz. The low 
comparison frequency has been selected to allow 
the tuning varactor to receive simultaneously video 
modulation, the AFC error voltage and an adjustable 
DC voltage for manually tuning the oscillator. 
This phase-locking technique, standard for years 
at lower frequencies, can now be accomplished at 
microwaves since all of the components used have 
been produced in large quantities to serve other 
non-microwave markets thus greatly decreasing their 
cost even before applying the incremental volume 
leverage which must accrue when more of these 
oscillators are used in microwave communications 
systems and for CATV. 

The frequency stability In the 12.7- 12.95 GHz 
region using the phase-locking technique described, 



provides better than !_.005% frequency stab i 1 ity. 
The stability is primarily a function of the drift 
with temperature of the reference crystal and the 
100 MHz overtone crystal used in the multiplier 
driver. Without subjecting the audience to all 
the technical details, Microwave Associates is 
now developing techniques which will greatly de
crease the inherent temperature drift by intro
ducing into the cavity materials with compensating 
properties. Further, a new family of hyperabrupt, 
low loss gallium arsenide tuning varactors is in 
the advanced stage of development which will 
greatly increase the linearity of these oscillators 
under modulation even when subjected to the type 
of temperature excursions experienced in outdoor 
mounting of the transmitter. 

Figure (3) is a block diagram of the current 
production model MA-12XC transmitter. In addition 
to showing schematically information just de
scribed, it shows how the output of the oscillator 
is coupled through an isolator/filter combination 
to the antenna feed providing a minimum output of 
+13 dBm. The digital AFC/video block illustrates 
the interconnections with the AFC module. The 
unit is powered by 110 V 60Hz supply consuming 
approximately 30 watts of power providing +18 V, 
+9.5 V and +5 V DC for the operating circuits. 
This particular block shows video with 525 line 
pre-emphasis. The MA-IZEU model operates on 220 V/ 
50 Hz mains and provides pre-emphasis for the 
European 625 line system. The video modulating 
amplifier uses readily available linear ICs. 
There is an optional input for 600 ohm balanced 
audio to provide 4.5 MHz aural subcarrier with 
the same modulation characteristics as broadcast 
TV plant. Other subcarrier frequency options are 
also available with the flexibility of operation 
with the new MA PAC-6 subcarrier demodulator. 

FIGURE 3 
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In the past, the cable operator has always 
brought in TV signals formatted in NTSC vestigial 
sideband AM with FM audio and was only faced with 
the problem of converting the received AM channel 
to the desired AM cable channel; however, today's 
FM satellite signals present a different problem. 
Here the satellite receiver such as the low cost 
VR-3 and VR-4 demodulates the FM microwave carrier 
and provides either a composite base band or 
separate video and audio outputs. Composite base 
band in this case is a combination of the standard 
video signal plus a 6.8 MHz FM subcarrier which 
is carrying the audio program information as 
opposed to the traditional 4.5 MHz subcarrier. 
When interfacing with a standard TV cable modu
lator, the separate audio and video outputs from 
the microwave receiver should be used. When 
interfacing with a FM microwave terrestrial 
link, then the composite output from the satellite 
receiver may be fed directly into the microwave 
transmitter, provided that video and audio 
components are separated at the FM receiver 
terminal before they are fed to the cable 
modulator. 

A video presence detector with automatic 
transmitter turn-off is also included to meet FCC 
regulations. The MA-12XC has been type-accepted 
for CARS band and other uses. This small compact 
transmitter, shown in Figure (4), designed to 
sell at one third the price of other Microwave 
Associates CARS band transmitters, should be con
sidered as a real alternative to cable or the use 
of common carrier services. 

FIGURE 4 

THE RECEIVER 

Figure (5) shows the block diagram of the low 
cost 12XC CARS band receiver which has had wide 
market acceptance. Referring to the left upper 
side of the block diagram, the microwave signal 
from the antenna is connected by waveguide to the 
receiver mixer-VCO module via a bandpass filter/ 
ferrite isolator combination. For most U.S. CATV 
systems, the RF pass band is 25 MHz. The mixer
VCO assembly is similar in construction to the 
cutaway of the RF assembly shown for the 12XC 
transmitter but is less complex since two rather 
than three cavities are involved. The received 
signal is mixed in a Schottky diode operated at 
approximately 1 milliwatt of energy derived 
through a variable rrrs at the rear of the mixer 
from the Gunn VCO. The VCO is mechanically tuned 
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FIGURE 5 

to provide an IF output from the mixer at 43.75 MHz. 
The intermediate frequency of 43.75 MHz is com
patible both to the current availability of very 
low cost IC linear amplifiers (which become more 
expensive at higher frequencies) and with the 
elimination of possible "birdies" which could 
occur when multiple 12XC receivers are inter
connected together by branching networks. The IF 
signal is coupled to the IF amplifier module 
through a low noise FET preamp I ifier. In the IF 
module, the IF signal is shaped by an IF filter 
which defines the noise bandwidth and provides 
additional adjacent channel rejection, then under
goes at least one stage of group delay equaliza
tion before entering 2 stages of IF IC amplifica
tion providing 60 dB of gain, controlled by a 
comparator/AGe IC. 

The output of the IF amplifier is fed to the 
limiter/discriminator module. Here, two stages 
of hard limiting are provided which drive a dis
criminator which demodulates the FM signal and 
provides a base band output. Either 525 or 625 
line de-emphasis and a co~patlble band pass filter 
are provided as part of the IF amplifier assembly. 

Because of the inherent stability of the 
transmitter, the receiver needs only to provide 
a simple analogue AFC which is derived from the 
discriminator output passed through a DC amplifier 
to the tuning varactor in the VCO assembly. This 
module also contains the necessary circuitry to 
squelch the receiver output if no carrier is 
present. The receiver can be powered by either 
110 V AC 60Hz, or in the case of the 12EU, 
220 V 50 Hz. Regulators provide +18 V DC and 
adjustable 7.5 V DC. The AFC bus operates at 
+9 V DC. 

The 12XC transmitters and receivers were 
initially offered in compact cast aluminum 
housings, 8" x 4.5" x 4.7", weighing 6 lbs., 
shown in Figure (4). Although this package format 
meets the requirements of many users, we are also 
planning to offer a radio for the CARS and certain 
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other markets packaged for rack mounting as shown 
in Figure (6). This arrangement will provide 
additional accessory circuit flexibility. 

The 12XC receiver provides high quality re
liable video when used to receive any video modu
lated stable FM microwave transmitter tuned to 
the proper frequency. Although many MA-12XC 
receivers have been sold paired with MA-12XC 
transmitters, considerably more have been de
livered into systems using other transmitters, 
often in place, both of our own and other 
companies' manufacture. Frequently, the paths 
are such that higher power than the 12XC's 
+13 dBm is required. In this case, the 12XC 
receiver is often used in systems which rely on 
the +28 dBm output MA-12G as a primary trans
mitter source. The CATV operator should always 
consider the 12XC receiver and transmitter, each 
for their individual merits, rather than only as 
a paired 12XC system. It should be noted that as 
currently manufactured, the MA-12XC receiver pro
vides only a composite video output. Video base 
band and audio outputs are not provided, hence 
the interfacing cable modulator must be capable 
of accepting composite video. 



SYSTEM ARRANGEMENT 

As stated before, this product was launched 
for the CARS band market and obviously it must 
provide cost and space effective support for up 
to twenty channels, as that is the limit under 
Part 78 of the FCC rules as they apply to FM 
service. The modular design of the 12XC offered 
an opportunity to equip 20 go (or return) channels 
in a single 7'6" (44 unit) rack and still have a 
few inches to spare. Figure (7) is a photograph 
of a typical 6-channel receiver rack-up. Figure 
(8) shows the general arrangement for 20-channel 
term ina Is. 

Since in the 20 channel (K) Plan both 
vertical and horizontal polarizations are em
ployed, a convenient and economical branching 
system was adopted with the upper and lower half 
of the rack disposed to a common polarization. 
The problem of combining adjacent off (or even) 
channels with their 25 MHz separation wes solved 
with hybr i d couplers at a slight loss penalty. 
However, this was off set by lower branching 
filter losses, with negligible adjacent channel 
group delay (hence differential phase) 
contribution. The conventional 3 port circulator 
combining method was used with waveguide low pass 
filters in each bus bar (fo r the ultimate pro
tection against wander ing hannonic power). With 
this arrangement radio equipment can be installed, 
new channels added, maintenance spares lit up 
without any on-1 ine "tweeking" for system 
performance. This is an essential merit for a 
product of this type , since rarely will the user 
be equipped with sophisticated microwave line 
maintenance equipment. 

To min imize the system-gain losses, equipment 
branching position assignments are "flipped" for 
transmitters and receivers. Figure (9) shows 
one polarization of a 20 channel hop. Lowest 
channel transmitters are positioned closest to 
the antenna port and the mating receiver is the 
furthest. The worst case ~ component losses 
for transm i tter and receiver branching add up to 
7.4 dB for a 4 channel assembly and 9.8 dB for a 
20 channel assembly. all in K Plan. Of course , 
an additional transmitter rack output port is 
available for a "free split". 

In the CARS band with precipitation effects, 
the name of the game is fade margin to assure 
system ava i lability. With the advent of such 
real time revenue bearers as HBO, repeated circuit 
outages in the rain belt routes must be avoided. 
Fade margins of 40 dB (or more) are possible wi th 
a complete 12XC system. Recalling the work of 
Hathaway and Evans, that would set the range of 
path lengths from about 15 miles in the 
Mississippi Delta area to about 40 miles in the 
"L" shaped line joining San Francisco and Montana 
for a seven hour annual accrued outage. I'm 
sure we're al1(~1miliar with the curves in the 
Lenkurt Manual 

What does this mean as to outside plant 
with the 12XC? Figure (10) shows a handy fade 
margin - distance guide for a four channel system, 

FIGURE 7 

MU LT ICHANNE L 12XC RACK EL EVAT ION 

FIGURE 8 
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and that a pair of 10' dishes will support the 
40 dB objective at about 8 miles. Considering 
that the 12XC receiver sells for about one third 
the price of conventional receivers, it is only 
an elementary lesson in economics to consider 
longer paths, and/or smaller dishes with higher 
power M/A transmitters (or somebody else's, as 
the 12XC receiver is a very good listener). Just 
shift the curves vertically by about 13 dB ••• or 
expect 40 dB margin at 25 miles with 10-foot 
dishes. 

The MA-12XC system performance is shown 
in summary in Figure (11). This clearly indicates 
that the 12XC system certainly offers a very cost 
effective solution to many of the CATV operators' 
microwave problems. 
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BACK-TO-BACK PERFORMANCE ASSUMING STANDARD 
CCIR WEIGHTING, A RECEIVER CARRIER LEVEL OF 

-40 dBm, AND USING 525 LINE TV EMPHASIS 

Video Signal-to-Noise P-P to RMS, 
4KHz to 4.5 MHz 
Video Signal-to-Hum P-P to RMS, 
10Hz to 10KHz 
Differential Gain, 10/50/90% APL 
Differential Phase, 10/50/90% APL 
2T Pulse "K" Factor 
Video Frequency Response, 
10KHz to 4.2 MHz 
Field Squarewave 

Luminance Chrominance Gain Inequality 
Luminance Chrominance Phase Inequality 

FIGURE 11. 12XC SYSTEM SPECIFICATIONS 

CONDITIONS 

1 MA 12XC TX S RX (4 RF CHAN.) 
2. W/G LOSS • 4.2dB (50' EACH END) 
3. BRANCHING LOSS • 7.4 dB TOTAL 
4. FIELD ALLOWANCE•l5dB/END 
5. NO RADOMES 

8' TO 8' 

55 dB, Minimum 

55 dB, Minimum 
1 dB, Maximum 
3°, Maximum 
2%, Maximum 

±5 IRE Units 
3 IRE Units, 
Maximum 
6%, Maximum 
50 ns, Maximum 

6' TO 8' 

s' TO s' 

4' TO 6' 

4' TO 4' 

2' TO 4' 

2' TO 2' 

10 20 30 50 



MICROPROCESSOR FOR CATV SYSTEMS 

E.O. Tunmann and J.F. Roche 

Tele-Engineering Corp. 

ABSTRACT 
The advent of microprocessor techniques 

has provided a means of flexible and eco
nomic automated control of switching func
tions. 

A programmable switching unit has been 
developed by Tele-Engineering Corp. which 
permits an operator to implement a switch
ing program which will control 16 switch
ing functions in 196 time slots. 

.The.system is.so designed that program
mlng 1s accompl1shed with simple tech
niques which can be mastered with about 
one hour of instruction. 

The versa t i l i ty of a p p l i cation of the 
system permits it to be used simultaneous
ly for network protection, program selec
tion and local origination programming. 

This paper describes the unit, how it 
is programmed, and results in operation
al environments. 

l. Introduction 

Recent advances in microprocessors have 
resulted in the feasibility of performing 
operations associated with CATV systems by 
using such devices. The attractive feature 
is that many functions can be done auto
matically without having to have a large 
amount of expensive and complex equipment. 
This paper describes a device that was 
tailored to meet specific requirements 
existing in CATV systems. 

Switching problems were analyzed to pro
vide ~he necessary inputs to the design of 
the m1croprocessor as indicated in section 
2. 

Possible approaches to the solution of 
switching problems were evaluated. The ad
vantage of the use of multiprocessors for 
these real time applications are discussed 
in section 3. 

Specific ways in which the microproces
sor could be used effectively were evaluat
ed as shown in section 4. 

In section 5 a detailed description is 
provided of a microprocessor to accomplish 
certain switching functions. 
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The operational procedures and methods 
of programming to accomplish specific func
tions is contained in section 6. 

2. Switching Requirements 
CATV systems have evolved to the point 

that switching requirements are an essen
tial and sometimes complex aspect of sys
tem operations. Selection of a channel for 
distribution from a number of available 
off-air signals on a scheduled basis is a 
major source of need for suitable switch
ing techniques. The increased use of sa
tellite transmissions with more programs 
being carried on a single satellite re
sults in requirements for preprogrammed 
switching between channels at the earth 
station receiver. 

Local origination programming and remote 
pickup involves switching at IF or video. 

The more vigorous enforcement of require
ments for network nonduplication and pro
gram exclusivity mandates are other areas 
which impact on the need for improved 
switching techniques. 

For many years most switching require
ments c?uld be satisfied by making person
nel ava1lable, at the appropriate times, 
who would manually operate either IF or 
video switches, or in some cases change 
connections on a terminal board. As the re
quirements increased, however, it was found 
that personnel would have to be on-call 
for periods well beyond their normal work 
schedule to effect required switching. 

The changes of programming from day to 
day and week to week required constant 
cha~ges in the switching that was required. 
Sat1sfactory switching could be brought 
about only if a detailed schedule was es
tablished in advance and appropriate as
signment of responsibility for specific ac
tions be made sufficiently in advance to 
a~sure switching was accomplished. Along 
w1th advanced scheduling some mechanism 
had to be developed to accommodate schedul
ing changes. 

3. Digital Techniques 
~n view of the above consideration, ap

pllcation of digital techniques were con
sidered to be a feasible solution for 
switching. 

There are two possible approaches to 



digital application, one using mini-com
puters and the other using microproces
sors. The minicomputer involves a memory, 
input and output devices, a software pack
age and interface devices. Although hard
ware costs have been steadily decreasing, 
the software costs have remained steady, 
thereby causing the basic software cost 
to be a significant factor in the imple
mentation of a digital system. In addi
tion, programmers must be made available 
on a continuous basis. 

With recent development of integrated 
circuits and memory chips microproces-
sors become a feasible method to perform 
intricate functions. The processor consists 
of a memory, input/output devices, inter
face devices and program logic units. The 
basic function to be performed are de
signed into the unit with allowable rang
es of values to be inserted. The pro
gramming then becomes a simple operation 
which can be mastered after a few hours 
of instruction. The design of the pro
cessor can provide for adaption to a wide 
variety of interface devices with a mini
mum of restrictions. 

4. Switching application 
There are a wide variety of applica

tions in which the microprocessor can be 
an effective device. One application in
volves the selection from various satel
lite signals on a preprogrammed basis. 
For example, HBO/Channel 17/ and HBO de-

MICROPROCESSOR FUNCTIONAL BLOCK 

60 HZ 
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2~4 
KHZ 

OSCILLATOR 

KEYBOARD 

2 3 

4 5 (!) 

7 8 9 
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Fig. l. 

DIAGRAM 
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layed are all transmitted from the same 
satellite in addition to PTL/TRINITY/ and 
Christian Broadcasting. Selection of pro
grams from these sources with the use of a 
switch can add to the variety of pay and 
religious programs that can be offered 
without a substantial additional investment 
in hardware. 

When there are more off-air signals avail
able than the system can distribute with its 
hardware complement selection of best pro
grams can be accomplished with the micro
processor consistent with the carriage al
lowed by FCC. 

The processor will also allow the switch
ing in of independent stations after mid
night. 

Local origination involves switching at 
video. The useof the microprocessor will 
allow automatic selection from a number of 
sources on a scheduled basis. 

In case of a multihub system different 
programs may be distributed to various parts 
of the system. Use of the microprocessor 
would provide the necessary switching func
tion to accomplish this flexibility in of
fering programs. 

5. Programmable Switcher 
A processor has been developed which pro

vides programmable switching functions for 
the applications cited above. A functional 
block diagram is shown in Fig. l. All in
puts to the memory are made through a 12 
button keyboard. The memory is an 8K com-

T ELE ·ENGINEER! NG CORP. 

FRAMINGHAM MASS. 

CLOCK DISPLAY 
CLOCK 

KEY BOARD DISPLAY 

TO MEMORY TO Dl SPLAY 
6. LOGiC TO LOGIC 

1 ~rR. 1 
IBATTERYPOWER SUPPLYP==<f 



ponent and accepts all program information. 
The unit is designed to perform all re
quired functions at the beginning half
hour time slots (48 per day, 7 days per 
week) and of carrying out 16 command func
tions for each time slot. The clock is 
set by external control for day, hour, 
minute and second. LED display are used 
to indicate the running time and a time 
slot that is addressed. The clock entry 
provides logic for activation of relay 
closures through a data latch. A key 
switch is provided which prevents the 
changes in the memory unless activated. 
When the unit is set to remote access 
is accomplished through a security unit 
and then program changes can be effected 
by operation of a touch tone telephone set. 

The design of the unit is modular with 
each of the major components manufactured 
on its own printed circuit board. Each of 
the functions are accomplished by the hard
ware configuration of the corresponding PC 
board. The interconnection of the board 
is illustrated in Fig. 2. 

~~ COMPONE:J"TS OF MICROF"ROS._ESS..QE_________ TELE- E NG,NEERII"G CORP 

~ 
FRAMINGHAM MASS 

Fig. 2 

Instructions are entered either locally 
using keyboard or remotely. The output of 
the keyboard entry is displayed and fed to 
memory. The clock provides the pulses 
that activate commands through the logic 
contained on the clock entry board. The 
display and driver supply appropriate 
level to activate LED. The remote control 
board decodes tones and converts them into 
appropriate signals for the keyboard entry. 
The security board denies access until 
cleared with the proper security code 
signal. 

The complexity of a typical boar~ is 
illustrated by Fig. 3 which indicates the 
component layout of the memory board. The 
two components identified by slanted cross
hatching are the memory element. A total 
of eight other integrated circuits of the 
CMOS type are included on this board. The 
boards are mounted vertically in the 
chassis and held in place as illustrated 
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in Fig. 4. This arrangement of PC boards 
facilitates maintenance and repair 

Fig. 3 
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Fig. 4 

A photograph of the microprocessor is 
shown in Fig. 5. The unit which can be 
rack-mounted in a standard 19" rack has a 
height of 5". All inputs are accomplished 
by action of the keyboard. Setting the 
clock is controlled by the first row of 
keyboard buttons when the "set" lock 
switch is turned on to set. The other key 
switch controls access to the memory from 
either local or remote station. Programs 
are entered with the keyboard when the key 
position is on local. 

6. Operation and Programming 
After the unit is installed, the first 

step in operation is to set the clock to 
correspond to the correct day of the week 
and the exact time. 

"Run/Set" switch is set to "set". The 
clock is set to the proper date and time 
by use of buttons "1","4","7", and "8" of 
the keyboard. To set "day", button "1" is 
depressed until the proper day appears in 
the appropriate location of the clock dis
p 1 ay. 

Hour and coarse minute set is accom
plished by depressing "fast" set and de
pressing button "4" of the keyboard. When 
the time in the display approaches within 
10 minutes of the correct time, the Button 
"4" is released. The slow set is then 



·oy /l YS 38 
••• M • II II 0 

Y /l 2 2Y 0 
M I lllll& l f • .. • ' • "' 

Fig. 5 
used to set the nearest minutes and second. 
This is accomplished by depressing button 
"7". If time is "overshot", depress "*" 
button to hold clock until the actual time 
coincides with the displayed time. Once 
the time has been set, the run/set switch 
is turned to the run position. 

Programming can be done either locally 
or from a remote location. When program
ming the unit locally, set program switch 
on local position. For initial operation, 
first clear memory by operating "clear" 
button in the rear of the unit. The unit 
is now ready for programming by time slots. 
An entry has to be made fur any time slot 
in which a switching action is required. 
The first step for programming is to clear 
the display by depressing the "#" button. 
The following sequence is used to program 
a given time slot for a 2-position switch: 

Day of the week - use button "l"-"7" 
Hour of the day - use "00"-"23" 
Half Hour - use "1" for lst half hour 

use "2" for 2nd half hour 
Switch Position 

Row - 1 or 2 
Number - "1"- "8" 

Switch Condition - use "*" for on 
use "0" for off 

When a matrix switch is used, it is pro
grammed by a combination of inputs. Appro
priate function numbers and status indi
cators must be entered 3 successive times 
for a given position of the switch to be 
activated. The built-in logic prevents two 
incoming channels from being simultaneous
ly switched to the same output in the 
event of an error in programming. 

This procedure, beginning with clearing 
display, is repeated for each half-hour 
increment. After the unit has been pro
grammed, the lock switch is turned to re
mote and the program cannot be changed 
locally. 

If a change is to be made, the follow-
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ing procedure is used: 
Set Remote Local Switch to "local". 
Enter day, hour, half-hour and switch 

which is to be changed. 
Act i vat e or de act i vat e by pres s i n g " * ., 

or "0". 
Return switch to remote. 
For remote operations the "Remote - lo

cal" switch is set on "remote". Telephone 
number of line to which programmer is con
nected is dialed. After connection is made, 
the unit is signalled with a two-digit se
curity code from a touch-tone instrument. 
If code is correct, steady tone will be 
heard. Time and switch which is to be 
addressed is entered in the same manner as 
in local mode. 

switch is If for this time slot, the 
programmed "on", signal will be grouped as 
follows: - - - - - - - -
switch is programmed "off", signal will 

OPERATIONAL EXAMPLE 
Switching Function Selection 

If 
be: 

A Programmable Video Selector has been in
stalled to provide switching for 
channel 5 on channel 6 

5 on 9 
5 on 6 and 9 
4 on 10 
7 on 12. 

The switch functions of the IF switching 
unit have been selected as follows: 
Switch l represents Ch 5 on Ch 6 

2 " Ch 5 on Ch 9 
3 Ch 4 on Ch 10 
4 Ch 7 on Ch 12. 

Operational Routines - Local Mode 
(a) Programming 

Problem: On Monday Ch 5 shall be 
carried on Ch 6 and Ch 9 from 6:30 pm 
to 7:00 pm 

Execution: -Press "#" button to ready 



for entry 
-Enter "l" for Monday 
-Enter "18" for 6:00 pm 
-Enter "2" for 2nd half hr. 
-Enter "l" for Row l 
-Enter "l" plus "*" for 

switch function- No. l, 
representing Ch 5 on Ch 6 

-Enter "2" plus "*" for 
switch function - No. 2, 
representing Ch 5 on Ch 9 

-Press "#" button to ready 
for next entry 

(b) Verification 
Problem: Interrogate programming to 

assure proper function of programming 
example, above. 

Execution: -Press "#" button to ready 
for sequence 

-En t e r " l " for Monday 
-Enter "18" for 6:00pm 
-Enter "2" for 2nd half hr. 
-Enter "l" for interroga-

tion of switch function 
No. l and observe func
tion light "ON" and lit 

-Enter "2" for interroga
tion of switch function 
No. 2 and observe func
tion light "ON" and lit 

-Press "C" button to be 
ready for next entry or 
interrogation. 

7. Additional Features 
While the original concept was to pro

vide for switching between two possible 
channels; other switching combinations 
are feasible. 

The use of the microprocessor with a 
matrix switch is illustrated in Fig. 6. 
The control function for 2 matrix switches 
is shown under command of the programmer. 
The design was to provide for any one of 
eight input signals to be switched to 4 
outputs. 

PROGRAM 

Fig. 6 
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When the switching action takes place 
remotely from the control area, a remote 
unit is used. A typical installation is 
indicated in Fig. 7. A conventional tele
phone line is used for a link and a touch 
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tone phone is used to access the memory. 
The command condition of a given time slot 
is indicated by different audio tones. 
Using the programming procedure outlined 
in section 6 a time slot is addressed and 
the appropriate command inserted. Pro
visions can be made for a scope display 
indicating the status of each time slot. 
The data is presented as a dot matrix and 
can be displayed on a conventional TV set 
using a video channel where such is avail
able. 

Fig. 7 
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TONE 

As mentioned previously, a security unit 
can be provided which denies access to un
authorized personnel. The functioning of 
this unit is illustrated in Fig. 8. The 
security code is inserted with a micro
switch using BCD code. When the unit is 
addressed through the telephone the first 
two digits are compared with the code in 
memory. If these numbers correspond to the 
preset code, the latch is activated there
by allowing access to the keyboard entry. 

The following binary settings are used 
for the security code: 

SWITCH 
0 
l 
2 
3 
4 
5 
6 
7 
8 
9 

SECOND DIGIT 
8 7 6 5 
l 0 l 0 
0 0 0 l 
0 0 l 0 
0 0 l l 
0 l 0 0 
0 l 0 l 
0 l l 0 
0 l l l 
l 0 0 0 
l 0 0 l 

SECUFI)ly UNIT F'UNCTIONAL Bl_GC~ ~-...Q.!_AGRAM 

Fig. 8 

FIRST 
4 3 2 
l 0 l 
0 0 0 
0 0 l 
0 0 l 
0 l 0 
0 l 0 
0 l l 
0 l l 
l 0 0 
l 0 0 

DIG IT 
l 
0 
l 
0 
l 
0 
l 
0 
l 
0 
l 

TEl€- ENGINEERING CORP 
FRAMINGHAM 

TO KB 

EN T ~y 



In order to protect from memory loss re
sulting from power failures, a standby 
power supply is provided. This will allow 
the unit to continue operation for up to 
48 hours without primary power. In order 
to save energy, no display is shown during 
power outages. When power is restored, 
the clock display will indicate an error 
signal, however no error will exist in the 
clock. The display error indication is re
moved when the set switch is activated. 

8. Use of Advanced Microprocessors 
The applications discussed in the prev

ious section have been accomplished with 
a microprocessor designed for the specific 
parameters outlined. Other applications 
required more sophistication of design and 
more complexity. One such system has the 
capability of 2000 program changes per 
week. The time slots can be adjusted in 
length to the second. The matrix 2000 can 
control a matrix switching system of up to 
400 switching functions. The programming 
is displayed on a cathode ray as shown in 
Fig. 9. A section of the program of up to 
15 lines can be displayed at any one time. 
One line is reserved for most recent key
board entry. A printer is provided which 
records each executed command. It can also 
record program that is in storage. 

Day and time of day Program Display 
-----, 

4 I l11 271 19 

4 I 08 I 1 5 I 00 04 - 10 
4 I 08 I 15 )0 05 - 12 
4 I 08 I '30 10 11 - 10 / 

4 I 08 I 10 15 08 - 02 
4 I 08 I 30 21 12 - 12 02 - 27 
4 I tO 00 I 06 07 - 0} 
4 I 10 01 I 15 09 - 06 
4 I 10 I 15 I 35 30 - 13 
4 12 02 00 17 - 04 
4 12 I )0 28 09 - 27 
4 I 12 46 )2 02 - 08 
4 I 13 10 00 13 - 09 
4 ' 1) 05 I 12 04 - 04 
4 I 16 29 45 08 - 10 
4 I 16 I 30 00 05 - 12 

4 I 16 
I 

I 29 ' )0 04 - 10 

- -----------~-..------

.-( 
~yboard Entry Display 

CATHODE RAY TUBE DISPLAY 

Fig. 9 

Another processor pevelopment is the con
trol of switching at a number of locations 
remotely from one central facility. This 
involves the basic 2000 unit with encoders 
that convert switch commands to a VF sig
nal that can be transmitted on telephone 
line or a channel of the system. The con-
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firmation of the command is encoded and 
transmitted on a return path. The layout 
of such an application is indicated in 
Fig. 10. 

Fig. 10 
This miniprocessor was also employed in 

a status monitoring application. This in
volves polling of status elements and 
selectively allowing access of an individ
ual branch indicating the status. The re
sulting indication of current status is 
displayed on a CRT as shown in Fig. 11. 

PROGRAM CO-.Sl)L.£ 

L~JD 

Fig. ll 
The possible application of the tele

status microprocessor used in conjunction 
with addressable taps is intrigueing. One 
of the limitations is that currently a
vailable intelligent taps are uni-direc
tional - only recurring commands. The cap
ability of transmitting a status message 
from each must be available to make such a 
system effective. Unfortunately the amount 
cost of two-way transmission between the 
processor precludes the feasibility of 
this application at this time. One of the 
available possibilities is the use of 
this system in an application where there 
are more than 20 subscribers at one loca
tion such as apartment complexes. Such a 
cluster can be cost effective for tele
status control of taps. 

CONCLUSION 

In this paper we have indicated how micro
processors can be effectively used to en
hance the operation of a CATV system. With 
further development and more refinement of 
IF and video switches, there can be an 
even greater realization of advantages. 



TECHNICAL ASPECTS OF TWO-WAY CATV SYSTEMS IN GERMANY 

Rolf M. Schnee 

HEINRICH-HERTZ-INSTITUT BERLIN (WEST) 

ABSTRACT 

In the near future pilot projects for two-way 
cable television are to be introduced in the 
Federal Republic of Germany. In preparation for 
these, investigations are being carried out, using 
a laboratory system, of a variety of services and 
of the technology necessary to accommodate large 
numbers of subscribers. The system described in 
this paper was conceived on the basis of these 
investigations. 

1.0 Introduction 

In the Federal Republic of Germany there are 
cable television networks in existence in Nurem
berg, Hamburg and DUsseldorf, which belong to the 
Federal Ministry of Posts and Telecommunications. 
None of these is a two-way system. They were set 
up primarily to serve areas lying in the shadow of 
high eminences, where normal reception would be 
poor. There are legal stipulations that preclude 
the operation of two-way systems. 

However, the Commission for the Development of the 
Telecommunication System (KtK), set up by the Ger
man Federal Government in 1974, recommended in its 
concluding report that a number of CATV pilot pro
jects be introduced, in order to test telecommuni
cations services and alternative ways of organizing 
their administration. 

A decision is due to be taken during the next 
few months on whether several large-scale pilot 
two-way television networks are to be set up in the 
Federal Republic of Germany. These would then offer 
a variety of interactive services to a large number 
of subscribers. 
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In preparation for these pilot field projects 
a two-way cable television laboratory project is 
being set up at the Heinrich-Hertz-Institute,finan
ced by the Federal Ministry of Science and Tech
nology. 

This latter project is based on the recognition 
that prior laboratory work is necessary to 

evolve new telecommunications services and de
velop known ones further, and 

examine the technical and theoretical problems 
of the necessary technical system. 

The interactive CATV systems known today main
ly offer only very limited interactive services 
to a restricted group of subscribers. Very often 
a return channel foreign to the system is employed, 
with all the resulting disadvantages. The limita
tions with regard to the bandwidth demand, the 
complexity of the services, the number of simul
taneously active subscribers, the privacy of the 
message, etc. were removed to a significant extent 
in the laboratory system design, enabling a large 
number of complex telecommunications services to be 
offered to a large number of subscribers. 

The CATV system thus specif~ed undoubtedly ex
ceeds the scope of the pilot field projects to be 
undertaken in the near future, in respect of the 
telecommunications services, the frequency of use 
and the complexity assumed here. However, precisely 
as a result of this apparent exaggeration, funda
mental problems are recognized and solved. 

2.0 The Demands on the Technical System 

To determine the traffic volume certain assump-
tions were made: 

the planned CATV system would serve 10,000 sub
scribers, who could all use the system inter
actively; 

a maximum of 1,000 subscribers would be inter
active simultaneously. 



! Type of Service 

TV/Teletext 

Pay TV 

Simple Services 

Games and 
Information Services 

Complex Services 

Expected Number of 
Simultaneous Users 

Number not Restricted 

Number not Technically 
Restricted 

100 

700 

zoo 

Examples, Remarks 

ProgramlT£'s for Unlimited Distribution 

Programrres for Limited Distribution 

Mailbox, Billing etc. 

Inter-Subscriber Games, Subscriber-Computer Games 
Information about Transport, Culture, Medicine etc. 
in some case with additional Audio and Video In
formation 

Computer Access, CAl, supplied with Audio und 
Video Information 
Services with Flexible Structure of Man-Machine 
Dialogue 

Fig. 1 Different Types of Telecommunications Services 

The evaluation of the assumed traffic volume with 
the given spectrum of services produced the follow
ing further parameters: 

in the downstream direction, in addition to the 
television distribution programmes, approx. 200 
to 300 individual television channels, 

up to 1,000 smallband digital channels with bit 
rates of 9.6 kbit/s, 

approx. 90 speech channels in downstream and 
upstream directions, and 

approx. 20 television channels in the upstream 
direction are required; 

the central facility must be capable of dealing 
with a maximum of 60 interactions per second; 

up to 15,000 still ~ictures must be available 
for random access. 

In addition to the traffic volume, a further 
important parameter is the service quality. Essen
tial factors here are 

the reaction time of the system during a diill~ue, 
which must not exceed 3 seconds, 

a high degree of message privacy with interac
tive services, 

the user language, 

the construction of the home terminal, with 
regard both to anthropotechnical design and 
high-quality presentation of information. 
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3.0 The Technical S;stem 

Fig. 2 shows the structure of the interactive 
CATV system, divided into subsystems. 

3.1 The Computer System 

The tasks of the computer system can be divi
ded into two areas: 

a) the offering and carrying out of the services 
(service-specific tasks), 

b) the monitoring and control of the system 
(system-specific tasks). 

The particular problem of this computer system 
consists in coping with the high number of simul
taneously interactive subscribers (1,000). In the 
worst case approx. 60 interactions mu~t be dealt 
with per second. In all, the subscribers have ac
cess to approx. 300 services with a total programme 
size of approx. 25 MB. 

From these figures it follows that with a 
solution involving minicomputers that have per 
processor a maximum memory capacity of apprx. 2 MB. 
it is never possible to keep all the programmes 
resident in the memory at once, and therefore very 
efficient task management is especially necessary. 

The hardware concept (fig. 3) provides for a 
multi-processor system, in which the individual 
processors are connected via a bus. In addition, 
the most important processors are connected via a 
shared memory. Several processors can be connected 
to the bus, so that an extension of the hardware is 
no problem. 



The terminal processor receives all the inter
actions coming from the subscribers via the digital 
transmission system and processes the subscriber
specific information. The service computer deals 
with the content of the interaction and conveys t~ 
information direct to the subscriber via the digi
tal transmission system. If, during a dialogue, 
information in the form of still pictures, moving
picture sequences or audio is necessary, the task 
of providing it is passed to the controller. This 
latter computer controls and administers the stor
age-system equipment. 

3.2 The Transmission Network 

On account of the high number of individual 
broadband channels required for dealing with the 
i~dividual services, the total area served is divi
ded into approx. 10 sub-areas. Each sub-area is 
supplied with the individual programmes via its own 
cable, which transmits 30 broadband channels arran
ged as adjacent channels. For the individual pro
grammes the connection of the sub-areas to the 
central facility is star-shape, while on a second 
cable the approx. 12 general distribution pro
grammes are transmitted via a tree network to the 
whole area served. For a transition period, in which 
it will not yet be possible to assume that sub
scribers have television sets capable of receiving 
adjacent channels, the unlimited distribution pro
grammes will not be transmitted in adjacent 
channels. 

The network is divided into the active levels 
A and 8, and the passive levels C, D and E (fig. 4~ 
On the A level, the programmes for several sub
areas are normally transmitted. One cable carries 
the unlimited distribution programmes; one cable 
- a separate one for each sub-area - transmits the 
individual programmes; a further cable transmits 
for each of several sub-areas the 5 broadband up
stream channels which are lined up in blocks, each 
with one interjacent channel that is not used. The 
5 broadband upstream channels provided for each 
sub-area consist of 4 video channels and a broad
band channel carrying the signals of the digital 
transmission system for the transmission of data 
and speech. 

In its basic structure the two-way network is 
a tree network, since the distribution of programmes 
continues to be an important task. However, a pure 
tree network has a very unfavourable effect on the 
transmission of individual interactive programmes, 
since it provides no guarantee either of privacy 
when information is directed to a particular sub
scriber or of freedom from interference when infor
mation is transmitted to the central facility. 

In order to avoid these disadvantages, groups 
of subscribers are connected in star-shape via the 
E level to a so-called forefield installation (Ger
man "Vorfeldeinrichtung VFE"), which is linked to 
the D-level.-In the forefield installation video
and data-switching is carried out, controlled by 
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the central facility, so that each subscriber only 
receives the information intended for him. For the 
video signals this switching is performed as fol
lows: the signals in the channel assigned to a par
ticular subscriber are transferred, by means of a 
converter controlled from the central facility, 
from the 3D-channel cable to a channel in the 12-
channel cable not occupied in the distribution 
direction, and are transmitted to the subscriber 
on this channel (fig. 5). In the upstream direction 
the forefield installation guarantees that the data 
or speech signals are assigned in sequence to the 
digital transmission channels and that broadband 
channels are assigned for video transmission to the 
central facility. Through these functions overlap
ping of signals is avoided and interference from 
the subscriber area, e.g. as a result of defects 
in subscribers' sets, is kept out of the upstream 
network. 

3.3 The Digital Transmission System 

The digital transmission system organizes the 
transmission of digital information between the 
central facility and the subscriber terminals. 
There are three types of connection: 

1) data dialogue connections 

Data must be transmitted from the computer to a 
subscriber at a relatively high bit rate. Subse
quent to this there is a pause of up to 60s, as 
the subscriber processes the information. The sub
sequent subscriber's reply is relatively short and 
should in turn be transmitted at a high bit rate. 
The digital transmission system only allocates 
these connections involving a channel of high bit 
rate when they are needed. 

2) remote control connections 

The transmission of control commands and measured 
data requires a connection of short duration, in 
which only a few bits are transmitted. 

3) speech connections 

For the transmission of speech (in DPCM) about 90 
channels with a bandwidth of 8 kHz are required. 
Channels with a transmission capacity of 64 kbit/s 
are available. 

3.3.1 Organization of the Time Division Multiplex 

Transmission 

The initiative for transmission comes exclu
sively from the control unit in the central faci-
1 ity. 

Time is divided into so-called time slides. Within 
such a time slide the central facility transmits 
a downst~m block consisting of an address section 
and a data section. 
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Fig. 6 Transmission Procedure 

The address section contains the address of the 
subscriber for whom the information in the data 
section is intended. The subscriber recognizes his 
address and selects the information which follows 
it from the bit stream in the downstream network. 
The reception of a block is interpreted by the 
subscriber not only as a "reception of information" 
but also as a request to transmit. He can there
fore send a data block to the central facility 
directly after receiving a block, during a time 
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span corresponding to a time slide. 

If this single procedure in each time slide is 
carried out with alternating subscribers and perio
dically repeated after n time slides for the 
individual subscriber, several subscribers are 
allocated to a channel in time multiplex.The time 
slides must be allocated in a specific order to 
the individual simultaneous connections. 
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In the upstream direction the system dis
plays the same frame organization. The blocks have 
the same bit rate as those of the downstream net
work, but are about 16 bit shorter, so as to 
equalize the de1ay times varying from subscriber 
to subscriber in the cab1e network. (In the sub
scriber unit, in addition, the possibi1ity exists 
of equalizing the delay times in steps of 8 bits.) 

3.3.2 Setting Up a Connection 

In order to recognize the connection require
ments of the subscriber, the digital transmission 
system sends out free cal1s at regu1ar interva1s 
which request the subscriber desiring a connecti~n 
to send a b1ock containing his address and his 
connection requirement. The number of free calls 
is much 1arger than the number of connection re
quirements. If overloading occurs despite this, 
none of the subscribers receives a rep1y. They 
repeat the connection requirement after a random 
number of free ca11s. 
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3.4 The Head End 

The head end constists of cab1e-transmission and 
cab1e-receiving units. In a cab1e-transmission unit 
the 12 distribution programmes, consisting of off
air programmes and pay TV, are brought together in 
non-adjacent channe1s and transmitted via the net
work described above. 

In seperate cab1e-transmission units for each 
sub-area, 30 channe1s are avai1ab1e for the trans
mission of the individual programmes and the digi
ta1 transmission system. To assimi1ate the range 
of the 30-channel system to the 12-channe1 system, 
the individual video signa1s are transmitted in a 
synchronous mode, and the picture carriers are 
related in certain phases. 

In the cable-receiving units the signa1s trans
mitted to the centra1 facility from the sub-areas 
in groups of 5 channe1s for each sub-area are 
received and demodu1ated. 

Pay 'IV 

Digital Da ta/Speech 

Indiv.Vid .Prcgr. 

Digital Data/Speech 

Broadc. 

cable 
Transm. 

! 
cable 
Transm. 

cable 
Peceiv. 

Distrib. 

Prcgr. 

X to Sub-Ar ea X 
I 

ea I f- to Sub-Ar 

Upstream 

Video Upstream Progr.L... ____ .J Channels 

Fig. 8 Head End 

3.5 The Storage System for Audiovisual Information 

The storage system makes the audiovisua1 in
formation, consisting of stil1 pictures, moving
picture sequences and audio, avai1ab1e for the 
services. 

During peak hours simu1taneous access to 
approx. 200 different st i 11 pictures, approx. 50 
moving-picture sequences and approx. 90 audio se
quences is to be expected. At such times a11 the 
services offered will be used, on average, by at 
least one subscriber. Since it is intended that 
during a service access to the video or audio in
formation shou1d take less than 3 sees., a11 the 
audiovisua1 information must be avai1ab1e to many 
subscribers for random access. 
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The still pictures are recorded, with sepa
rate luminance and chrominance signals, in digital 
form on moving head discs. When a still picture is 
to be transmitted to a subscriber, the video in
formation is selected from the moving head disc 
concerned, under the influence of a controller, 
and buffered in a digital refresh memory, which is 
then selected cyclically. This signal is converted 
back into analogue form, PAL-coded and transmitted 
to the cable-transmission unit. If subscribers have 
refresh memories, only an addressed single frame 
is transmitted to them, which leads to a lower 
number of refresh memories, PAL-coders and modu
lators in the central facility, and to a reduction 
in the transmission capacity required in the net
work. 

Audio or speech signals are recorded with a 
band width of 8 kHz in digital form (DPCM) on 
moving head discs. The storage organization re
sembles to a considerable degree that of the still 
pictures. The speech signals are read at a bit rate 
of 64 kbit/s from the buffers and are transmitted 
to the subscribers in time-division multiplex 
together with data via the digital transmission 
system. 
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For moving pictures there is as yet no practi
cable equipment for random and multi-user access 
for a programme quantity of approx. 200 hours. The 
moving-picture storage is organized in such a way 
that when a service involving moving pictures is 
requested, the desired video information is made 
available in the form of video cassettes, by means 
of manual or automatic loading of cassette-players. 
The video sequence is controlled by the services 
programme. 

3.6 The Home Terminal 

The home terminal can be extended in steps. The 
simplest version for interactive services consists 
of a TV set, a refresh memory for alpha-numerical 
information and a simple numeric keyboard with a 
few special keys. With this, selection can be 
made from among a great many interactive programmes, 
especially those constructed according to the so
called menu technique. 

In its most complex form the home terminal 
comprises an alpha-numeric keyboard, a refresh 
memory for alpha-numerical information, graphic 
and video still pictures, a printer and a micro
processor, which enables a part of the programme 
or programme sections to be processed directly 
by the subscriber's equipment. As a result of this 
decentralization a reduction of the load on the 
central facility and, above all, a shortening of 
the reaction times is envisaged. 
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TECHNICAL CONSIDERATIONS IN THE 
DESIGN AND OPERATION OF A TWO-WAY 

CATV SYSTEM IN A MAJOR MARKET AREA 

G. c. Kleykamp 

UA-Columbia Cablevision, Inc. 
San Angelo, Texas 

ABSTRACT 

The design and operation of a two-way 
CATV system in a major metropolitan market area 
involves a number of unique problems. Follow
ing a review of development in past years, the 
current design parameters are discussed and 
the author's recommendations are presented for 
the specification, design and operation of a 
contemporary two-way broadband communications 
system. 

SIGNAL TRANSMISSION REQUIREMENTS: 

The nature of the two-way CATV system is 
essentially defined by the characteristics of 
the signal transmission requirements. In 
contemporary systems serving major metropol
itan centers the following signal transmis
sion requirements are considered essential: 

1. Thirty (30), or more, downstream 
television channels available to 
all subscribers with very high 
quality video reception, 

2. Twenty (20) F. M. radio channels 
in the normal F. M. radio freq
uency band (88-108 MHz), with 
spacing for stereo modulation, 

3. Twelve (12) to Twenty (20) ad
ditional television channels 
available to limited areas for 
distribution of limited access 
nonentertainment television 
programs (municipal, medical, 
educational, industrial, etc.), 

4. 5 to 30 MHz reverse (upstream) 
non-television transmission 
facilities from all residential 
subscribers to a central data 
collection center, 

5. Five (5}, minimum, reverse 
(upstream) television channels 
of high quality. F. M. video 
modulated channels may be re
quired in order to attain suf
ficient fidelity as to permit 
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re-transmission without noticeable 
video degradation. 

The downstream distribution requirements 
are generally known to CATV system engineers 
and present no new or difficult problems, How
ever, the upstream transmission system repre
sents a new technology that has not been fully 
demonstrated on an extensive system. In ad
dition, there are certain avoidable problems 
associated with the possible interference be
tween the upstream and downstream transmissions 
which should be considered in the system design. 

ORIGINAL DESIGNS AND DEVELOPMENT: 

There are several basic designs for two
way systems which have been field tested and 
the advantages and limitations reported in the 
trade press and technical seminars. Early 
systems used a separate coaxial cable from each 
origination location to the "headend". To min
imize noise build-up a low frequency (below 
Channel 2) video carrier was used so that ampli
fiers could be spaced farther apart in the 
"return line", This "sub-VHF" band (5.75 to 
47.75 MHz) was generally converted to the VHF 
high band (174 to 216 MHz) for reception and the 
channels were assigned appropriate numerical 
designation (T-7, T-8, ....• T-l3). 

A natural development occurred in the early 
70's wherein the "sub-VHF" band was diplexed 
onto the CATV C?ystem in the reverse (upstream) 
direction. The complimentary filters which pro
vided the isolation between the upstream "sub
VHF" and the downstream "VHF" transmissions were 
the subject of intensive research and develop
ment. The early "sub-split" systems were des
igned to provide downstream transmission from 54 
to approximately 250 MHz and upstream trans
mission from 5 to 30 MHz. These early two-way 
(on a single coaxial cable) systems exhibited 
several severe limitations, although most "blue 
sky" system operators chose to ignore them. 

It is, however, generally recognized today 
that such sub-low band frequency division two
way multiplexed systems are not suitable for 
major market system use because: 

l. Phase delay, due to the cascade of large 



numbers of the complimentary filters, 
causes intolerable video distortion 
in the higher frequency "sub-VHF" 
channels and in the lower frequency 
VHF channels. 

2. Noise and ingress interference is ex
cessive due to the branching nature 
of the system. 

3. Upstream transmission bandwidth, of 
5 to 30 MHz does not provide space for 
sufficient video channels. 

SFDT SYSTEM: (See Fig. Nos. 1 & 2) 

As a consequence, a system was developed 
to provide the two-way facilities without these 
limitations. This system is generally refer
red to as the "Single-Feeder, Dual Trunk" 
(SFDT) design. 

The essential components of the SFDT 
system are: 

(a) Two independent trunk cables ("A" 
and "B") with complete physical 
separation to achieve maximum 
isolation. Trunk "A" provides 
conventional CATV multi-channel 
downstream only distribution 
(50- 300 MHz). Trunk "B" 
operates as a "mid-split" two
way transmission system with 
downstream distributio~ (174 -
300 MHz) and upstream transmis
sion (5 - 110 MHz). 

(b) Two-way distribution, or feeder, 
with downstream supplied from the 
"A" trunk (50-300 MHz) and the 
upstream signals of 5 to 30 MHz 
diplexed through the line extender 
amplifiers from each subscriber 
drop to the bridging or distrib
ution amplifier. 

(c) The sub VHF (5-30 MHz) upstream 
signals are separated from the 
downstream signals by highpass/ 
lowpass filters at the bridging 
or distribution amplifier and are 
coupled through a "seventh port" to 
the "B" cable reverse amplifier. 
This "seventh port" amplifier is 
unique inasmuch as the conventional 
downstream only amplifier housing 
has only six (6) ports: input 
and output trunk ports plus four 
(4) distribution ports. 

(d) The seventh port in the "B" cable 
amplifier provides a means to 
couple the 5 to 30 MHz signals to 
the 5 to 110 MHz upstream system 
such that: 

(i) An automatic switch opens to 
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block the insertion of noise 
and interference when actual 
sub-low signals are not being 
transmitted, 

(ii) Amplifier response, and low
pass filters, prevent noise 
and interference from the sub
scriber drops and "A" cable dis
tribution system from appearing 
on the "B" cable -- particularly 
in the 45 to 110 MHz bandwidth. 
This frequency band is reserved 
for "preferred" reverse video 
transmission. 

It can, therefore, easily be seen that the 
SFDT system provides all of the signal trans
mission requirements which are considered es
sential for service in contemporary systems 
serving major metropolitan areas. Such systems 
have been extensively field tested and are 
available from all major equipment manufacturers. 
There are, nevertheless, certain precautions 
that should be taken to avoid crosstalk and 
interference/noise problems. 

THE REVERSE SYSTEM "NOISE TREE": 
------- ------- -------

Although "thermal" noise contributed by 
the reverse amplifiers in the upstream trans
mission system can be a significant problem, and 
can severely limit the quality of video channels 
which are carried, the interference from r.f. 
ingress leakage is of greater concern. C.B. 
radio and foreign radio stations can be very 
"active" in the sub-VHF frequency band and can 
easily enter the upstream system through the 
unshielded 300-0hm twin lead on the customer's 
side of the matching transformer or through 
inadequately shielded drop cables. The pre
ferred reverse video band (45 - 110 MHz) is 
subject to interference from lowband television 
and FM radio transmission and other radio 
frequency interference and must be well isolated. 

If the subscriber drop is, therefore, 
assumed to be a potential source of noise and 
interference which will be amplified and combined 
in the upstream transmission, it is apparant that 
a filter which excludes all unnecessary inter
ference should be used in the 5 to 30 MHz up
stream circuit. Further, a squelched or 
switched upstream amplifier would provide 
additional isolation from such interference. 
The relative merits of a squelched reverse 
amplifier vs. a code-operated switch may be 
debated, and may vary with the state-of-the-art, 
but one or the other would seem to be imperative 
in a contemporary system for two-way service. 

It has been demonstrated (l) that data 
error rates on reverse transmissions within two~ 

(1) Reliability Engineering Report No. 75-06, 
February 9, 1975, Jerrold Electronics 
Corporation by S. Allen (Unpublished) 



way frequency division multiplexed systems ex
tending only twelve (12) amplifiers away from 
the headend exceed tolerable rates. The use of 
time sharing techniques to control the effect of 
noise-contributed errors has been shown to be 
adequate for such sensitive applications as home 
security system communication requirements. ( 2 ) 

COMPONENT SELECTION: 

One of the lessons which was learned 
through early two-way system design, construe~ 
tion and operation was the requirement to fully 
consider the sub-low frequency band in the~c~ 
tion of system components. Passive devices must 
be carefully selected to assure the desired 
reverse attenuation vs. frequency character
istics. Drop cable, connectors and equipment 
housings must exhibit high resistance to 
signal leakage, particularly in the sub-low 
band frequencies. Cable and electronic equip
ment which was designed and tested for use at 
50 MHz and higher frequencies should NOT be 
assumed to be adequate for sub-VHF frequency 
use. Likewise, dual cable forward only trans
mission system equipment and design techniques 
should not be assumed to be adequate for for
ward-reverse system operation with common fre
quency use such as the SFDT system. The 
isolation required in the two-way system is 
considerably greater than that required in a 
dual cable downstream only distribution system. 
This may be attributed to the branched design 
of CATV systems; and to the consequent addition 
of all noise and interference at the central 
hub or headend vs. the single upstream signal. 

SYSTEM DESIGN AND CONSTRUCTION: 

It is therefore obvious that system test 
points should not be constructed so as to 
violate this high isolation requirement -- with 
lengths of parallel drop cable down the pole. 
Significant r. f. currents will exist on the 
outer surface of solid aluminum sheath coaxial 
cable with a wall thickness of less than 8 mils 
and a high level 5 MHz signal impressed there
on. Conventional 40% to 50% braid coverage 
drop cable provides too little shielding at any 
frequency. 

The a.c. powering is also critical as a 
potential problem in isolation. Separate ferro
resonant regulating transformers and diplex 
couplers are recommended. In some cases it 
has been necessary to cascade the a.c. power 
couplers in order to obtain the high isolation 
required. 

Separate trunk amplifier housings, pre
ferably mounted "back-to-back", are recom
mended. These housings should demonstrate 
effective r.f. shielding at all frequencies 
within the 5 to 300 MHz bandwidth. 

(2) "The Quiet Way to Link Upstream" by Cecil 
c. Ho , TOCOM, Inc. (Unpublished) 
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Although the conventional amplitude modula
tion used for television video transmission may 
at first appear to be a "worst-case" situation, 
it should be remembered that the upstream data 
signals may be pulse code modulated and contain 
relatively high level harmonic components. 
Cross talk from such signals can have a devas
tating effect upon the video signals. ( 3 ) 

As a final precaution to be observed in the 
design of a CATV system within a major market 
area the system maps should be on a scale of 
100 ft./inch instead of the conventional 200 ft./ 
inch scale. The increased system complexity, 
together with the usually higher dwelling density 
in major market areas, will require more spa
cious system layout for legibility. 

CONCLUSION: 

In summary, it is suggested that great care 
be given the design and construction of systems 
within the major metropolitan areas. Although 
initially intended only for downstream signal 
distribution with, perhaps, some widely scat
tered upstream transmission of locally orig
inated television signals, there are strong 
indications that complete two-way service will be 
required before complete depreciation write-off. 
Some minor design and construction modification, 
together with careful selection of cable and 
equipment, can avoid the major expense and 
confusion of extensive design change and equip
ment replacement when two-way operation is 
desired. 
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TECHNICAL PERSONNEL-BUY THEM, STEAL THEM OR RAISE YOUR OWN 

Glenn Chambers 

American Television and Communications Corporation 
Englewood, Colorado 

ABSTRACT: 
A look at the need for trained technical 
personnel and some methods used to get them. 
This paper covers advertising, recruiting, 
interviews and the problems with testing. It 
covers union employee testing and training, 
along with some sample questions. Employee 
incentives are discussed, along with technical 
schools and home study courses. 

One of the biggest problems facing the CATV 
industry today is a shortage of trained tech
nical personnel. It is a situation that is 
steadily growing worse and, unless steps are 
taken, will eventually face you all. 

To help alleviate the problem, at least tempo
rarily, most companies have resorted to three 
basic methods of filling their technical per
sonnel needs. Those three ways are: 

a. To buy them. Simply offering more 
money, benefits and/or titles than the 
person is presently getting. This will 
work well until another company offers 
them even more. 

b. To steal them. Contracting people who 
work for other companies and offering 
them jobs. This is usually combined 
with buying, in that you offer them 
bigger titles or salaries. This method 
has the same inherent problems as buy
ing people. 

c. Raising your own. This is by far the 
most used and most successful method. 
It simply means hiring someone that you 
feel has the other necessary qualifica
tions but lacks technical training. 
This can be an expensive method, de
pending on the amount and quality of 
training that you provide. I feel that 
it is money well spent, since you also 
get some other benefits not possible 
through either buying or stealing. 

Even if your company subscribes to the "Raise 
Your Own" theory, there will be times when you 
simply cannot afford the time to train someone 
or you immediately need someone with special 
skills or experience. In these cases, you 
will probably want to do some advertising, 
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usually in trade magazines or newspapers, or use 
some other method of recruiting. 

In the companies in which I have been employed, 
we have tried a great many ways of filling our 
needs for experienced help. We have tried the 
trade journals, newspapers, specialized CATV 
schools, employment agencies, and even some buy
ing and stealing. A lot of our efforts have been 
less than totally successful. We have learned 
quite a few things not to do, and even a few that 
work. 

The poorest ads that we have ever run are the 
"blind ads". I'm sure all of you have seen these, 
and maybe have even run some of them. They 
usually consist of three or four lines, barely 
telling that a job is available somewhere, in 
some company, doing something, for some salary. 
On the handouts, I have a typical blind ad, shown 
in figure 1, that was taken from a trade journal. 
I changed the box number, just in case the person 
who inserted it is here. As you can see, this 
ad does not really tell you anything. 

F 
I 
G 
u 
R 
E 

CHIEF TECHNICIAN 
Needed immediately, five years exper
ience and first class license required. 
Salary commensurate with ability. Reply 
in confidence to Box C-123. 

0 
N 
E 

Blind ads can even severely limit your responses, 
especially from the more intelligent technicians. 
Smart people who are looking to change jobs just 
don't answer blind ads. There is too much danger 
that the ad was placed by their own company and 
responding to it could be quite embarassing. 
There is only one real benefit that can come from 
a blind ad. You can find out if any of your own 
people are stupid enough to answer it and get 
rid of them. 

Along these same lines, companies who don't in
clude their names in their ads are also missing 
out. If you are not proud enough of your company 
to use it's name, how can you expect a stranger 
to want to work for you? With today's shortage 
of trained people, it doesn't bother me at all 
to admit that we could use more good people. 

The most productive ads that I have run have con
tained a great deal of information about the job 
and the job benefits. In figure 2, you will see 



a recent ATC ad. In my opinion, this is a 
good ad, not just because my boss ran it, but 
because there is a lot of information there. 
I can't give you the exact numbers of respon
ses to it, but I can tell you that they were 
quite ~ratifying. 

Chief Engineers 
American Television and Communica
tions Corporation offers a growth 
opportunity for experienced cable TV 
engmeers who want to become part of 
the company's aggress1ve management 
team 

ATC is seeking people to fill chief 
engmeenng positions in several of its 
maJor metropolitan area systems 
located m the East and Southeast 

Assume overall technical responsibility 
for modern cable facilities featuring 

• 500+ miles of active plant 
· • operational pay-TV 

• active two-way services 
Solid technical experience and dem
onstrated administrative ability will 
make you qualified lor top salary/ 
benefit-package and future growth 

Send your resume and salary require
ments to: 

Larry Janes 
Director. Field Engineering 
Amencan Televisron & Communications 
20 Inverness Place East 
Englewood. Colorado 80110 

An Equal Opportunity Employer 

FIGURE 2 

The follol'ling is information that I feel even 
basic ads should contain, if they are expected 
to produce results. 

l. Job title and job description. 
2. Geographical location of the job. 
3. Experience required. 
4. Education and licensing required. 
S. Salary range and special benefits. 
6. Name of your company. 
7. Name of the person to contact. 
8. Your phone number and address. 

The ad in figure 3 shows my recommended adver
tising format. This a ficticious ad, so don't 
try to respond to it. 

CHIEF TECHNICIAN 
Immediate opening in our Busytown, 
IL. system. New, 2 way, microwave, 
data, fiber-optics. Supervise entire 
technical staff. Min. 5 years exp. 
and 2nd class license. Salary over 
$14,000. Full benefits and education 
assistance. Call John Doe, (123)456-
7890 or send resume and salary hist-
orv to American Television and Comm

-ications Corp., 7300 N. Busy St. 
sytown, IL., 09876 
N EQUAL OPPORTUNITY EMPLOYER 

FIGURE 3 
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I think you will agree that you would respond to 
this ad more readily than to the ad in figure l. 
This one costs a few dollars more, but r feel 
that it is money well spent. 

Wnen you get the responses to your ad, the really 
hard part starts. You have to intervie1<1 the 
applicants, if they seem to meet your require
ments, and select the one you feel is best suited 
to the job. 

The actual interview questions will vary with 
each company and with each position to be filled. 
The best way for me to be sure to cover every
thing is to have a list of questions,prepared or 
revised especially for this job, and just follow 
it as much as possible. 

If your company requires written testing of pro
spective employees, be very careful. One of the 
quickest ways to get your company into court 
these days is to let an applicant know that they 
have failed your written tests. There arc 
hundreds of educators working today to come up 
with a legally fair method of grading tests. To 
be fair, a test must take into account the app
licant's background, education, opportunities, 
ethnic heritage and even their parent's back
grounds. Unless you are a lot braver than I am, 
this is one can of worms you don't want to open. 

The sample questions and answers shown in figure 
4 will give you an idea of some testing problems. 
Believe it or not, these and similar answers 
must be considered correct and have actually 
appeared on our tests. Some of the answers may 
appear to be wrong or even stupid, hut if you 
think so, don't ever let a good lawyer get you 
into court on them. He will eat you alive in 
front of a non-technical judge and jury. 

lf any of you have systems where the employees 
belong to a labor union, you are probably already 
aware of some testing problems. Most of the 
union contracts have very well defined job class
ifications and training requirements. In order 
for an employee to move into a higher job class
ification, some training and testing is usually 
required. When written tests are required, make 
sure that they exactly follow the job classifica
tion requirements and that you have documented 
proof that the employee has been given training 
in these areas. Before giving the tests to the 
employees, the tests and answers, copies of the 
descriptions, copies of training documentation, 
and copies of the union contract should all be 
reviewed by at least one educator and a good 
labor attorney for their written opinions. This 
is commonly known by the initials C.Y./\. 

A problem that we have with union employee train
ing is that you must pay him fer any time spent 
studying. In order to document the training and 
studying, we set aside two (2) hours each week 
for this purpose and require attendance by the 
entire technical staff. The chief engineer or 
chief technician is then responsible for all 



lesson material presentation, lesson assistance 
and records keeping. The results to date have 
been very good. This same procedure could also 
be used to good advantage in the non-union sys
tems, with even better results. Getting our 
technical people, trainees as well as exper
ienced, to become enrolled in and to complete 
continuing education courses can be a problem. 
Everyone now seems to feel that training is bene
ficial to the employee and to the company, but 
few can agree on how to proceed. 

One way that is being tried is by use of incent
ives. Again, the companies cannot agree on the 
best incentive plan. Listed below are three 
incentive plans that are in usc. 

a. Educational Assistance. This covers 
course prepayment and/or course cost 
reimbursement for employees who take 
job oriented courses from company 
approved schools. The amounts and pro
cedures vary with each company. 

b. .\lmwtary Enccntives. Some companies 
automaticallv increase their employee's 
salary by five (5) or six (6) cents per 
hour for each course completed with 
satisfC~ctory grades. This doesn't 
sound like much, but it amounts to more 
than a hundred do liars each year fo1· 
each course, in addition to normal pay 
increases. Other companies offer a 
one-time bonus for each course com
pleted or license grade achieved. 

c. Promotion Assurances. These companies 
promise promotions to course graduates, 
when and if openings occur. This is 
not a particularly good plan, since 
there is no immediate inducement to 
take or complete the course. Promotion 
from within the ranks should be stand
ard procedure, not just as an inducement 
to study. 

These are a few of the ways you can encourage 
your people to study. You should give a great 
deal of thought to setting up an incentive plan, 
if you don't presently have a good one. 

One of my first assignments when I moved to 
Denver was to investigate and evaluate the 
available home study courses and to recommend 
the ones which would he of most benefit to our 
technical employees. After a lot of research 
and study, T don't really feel that there is 
any one "best" course for everyone. Each course 
studied has both good and bad points and there 
arc needs and opplications for each course. The 
real solution seems to be in correctly matching 
the employee to a course which is right for them. 
This means that you must be familiar with the 
employee's prior education, experience and also 
with their ambitions and expectations. In a 
small company, this is not a real problem hut 
in the larger ones, it really is a challenge. 
To help me to become familiar with our emp
loyee's histor;· and ambitions, T have come up 
with what I call an ''Employee Profile Sheet." 
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It is quite large so I didn't bring copies, hut 
T will he happy to discuss it later with anyone 
who is interested or will send copies if you re
quest them. In essence, it just gets some infor
mation about the employee that we can't get from 
personne 1 records. It can also be used to he 1 p 
determine when an employee is ready for promotion 
or transfer. 

Those of you \vho have taken any kind of home 
study course arc aware of the inherent problems 
in this type of education. In order to write a 
course of this type, the writer must as sum<' that 
the student has absolutely no knowledge of any
thing technical. If that assumption is not made, 
at least part of the students will he left out, 
since they rcallv arc not technically knowledge
able. On the other hand, students who do have 
some electronics training or knowledge will he 
bored to the point of dropping out of the course. 
Selecting the proper course to match the student 
can help to overcome this problem. 

The most frequent complaints that I get on home 
study courses are that they don't explain the 
lessons very well and that the math is ton hard. 
These arc all problems dealing with basic elect
ronics. Once a student really understands the 
basic theory and the math fundamentals, we rar·e11· 
hear another complaint. 1 have discussed this 
with representatives from the schools that we 
regularly use. Their suggestions have univer
sally been to enroll the student in a good basic 
electronics night course at a local technical 
school before or during the home study course. 
This has proven to be an excellent method. The 
questions which arise during the home stud)' 
course can usually be easily answered by the 
technical school teacher. There seems to be 
very little subject duplication, and what there 
is just helps to reinforce the students grasp 
of the subject. 

For those of you who have people who wish to pro
ceed onward to a BSEE degree, there is now a 
home study course which will help them to get it. 
It will require some resident school credits, but 
most communities have enough night classes either 
at a technical college or at high schools to 
cover these. 

There arc also a small hut growing number of 
local technical schools which regularly offer 
a two year CATV course. With the success that 
these schools have in placing their graduate 
students into systems, better than 98% within 6 
months after graduation, I think we can look for 
many more states to add CATV courses. As T 
understand it, their biggest problem is in gett
ing qualified teachers who know and can teach all 
phases of CATV. 

One way that you and T can help to bring up the 
quality of the education at the schools, and the 
numbers of such courses offered, is to volunteer 
our help as technical advisors. You will be 
amazed at how quickly the educators will accept 



and use your help and advice. You also get first 
pick of the graduate students. 

There can be a problem with this. They may offer 
you a job as a CATV instructor. If you accept, 
we are right back where we started-looking for 
good, trained technical personnel. 

I thank you. 

FIGURE 4 

SOME SAMPLE QUESTIONS AND THEIR "CORRECT" ANSWERS: 

Q-1. Name three (3) types of cables used in CATV systems. 

A-1. . 750, . 500 and .412 
A-2. Aerial, underground and drop 
A-3. Comm-Scope, Cerro and General 
A-4. Air, Solid and Foam 
A-5. Jacketed, bare, flooded 
A-6. Small, medium and large 

Q-2. What would you normally expect to find in a CATV "headend"? 

A-1. Signals 
A-2. Processors and modulators 
A-3. Air Conditioner 
A-4. Electronic equipment 
A-5. Electrical equipment 
A-6. Mice 

Q-3. How can you determine if an antenna is bad? 

A-1. By checking them out 
A-2. By comparing them with a test antenna 
A-3. By replacing them. If the new one works, the 
A-4. If no signals come out when the TV station is 
A-S. I can't. I have never been taught how. 

old 
on 

A-6. By climbing the tower or pole and testing them. 

one is bad. 

Are you starting to get the idea? Believe it or not, most of these answers 
have appeared on our tests. Legally, each of them is correct. 
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THE CHARACTERIZATION OF A 
VIDEO CODEC FOR CATV APPLICATION 

Bryan F. Smith 

Computer Labs, Inc. 
Greensboro, North Carolina 

Abstract 
The use of modern digital tech

niques is rapidly approaching a dominant 
role in the field of color television. 
An effective interface between the analog 
and digital worlds is of critical impor
tance, and very often the quality of 
analog-to-digital (A/D) conversion is 
the primary limiting factor in overall 
system performance. 

This paper describes a codec, con
sisting of an A/D Converter, a D/A 
Converter, and appropriate low-pass 
filters for application to digital CATV 
application. Emphasis is placed on the 
description of hardware, and the several 
parameters of particular interest in the 
color video field. 

Test methods are described along 
with actual test results. These results 
indicate the very high level of perfor
mance achievable with this state-of-the
art hardware. 

Introduction 
Digital signal processing tech

nology is having a tremendous impact on 
the television industry. Digital tech
niques are now being utilized in such 
broadcast and studio applications as 
time base correction, frame synchro
nization, standards conversion, on-line 
monitoring of television signals and 
image enhancement; and in such CATV 
applications as transmission from studio 
to transmitter, closed circuit industrial 
transmission, and combination video/tele
phone channel links. The increasing pro
liferation of these digital "black boxes" 
into areas which have been predominately 
analog has led to the definition of the 
term "codec". A block diagram of a 
typical digital device in its simplest 
form is shown in Figure 1. The term 
"codec" applies to the combination of a 
single A/D Converter followed by a single 
D/A Converter. 

Various subjective tests such as 
those reported by Goldberg and others5-7 
have placed recommended sampling rates 
and resolution requirements on the video 
codec. It is generally agreed sampling 
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at either three or four times the color 
subcarrier frequency is desirable. How
ever, for some CATV applications, other 
sampling rates in the 10.74 to 18 MHz are 
dictated. For the NTSC composite video 
signal with a 3.58 HHz color subcarrier, 
the popular sampling frequencies are 
10.74 MHz and 14.32 MHz, respectively. 
While the major emphasis of this paper 
will be on sampling at multiples of the 
NTSC subcarrier frequency, the concepts 
are equally applicable to other closely 
related sampling frequencies. Test 
results have also indicated that 8-bits 
of resolution are adequate for encoding 
the composite video signal without 
noticeable degradation. The present state
of-the-art in video codecs is 10 bits of 
resolution at sampling rates to 20 MHZ. 

The intention of this paper is to 
present methods which may be used to 
characterize such a codec in terms of 
parameters commonly measured by video 
test equipment. Test methods will be 
presented and characteristics peculiar to 
digital systems, as opposed to analog 
systems, will be discussed. A testing 
philosophy is developed which makes max
imum use of existing video test equipment. 
The following characterization tests will 
be described: 

o DC Linearity and Accuracy 
o Bandwidth 
o AC Linearity 
o Signal-to-Noise Ratio 
o Differential Gain and Phase 
o 2T Pulse Response 
o 12T Modulated Sin2 Pulse Response 
o Color Bar Response. 

The practical characterization procedures 
presented should assist newcomers to 
digital video in evaluating A/D and D/A 
conversion equipment for use in CATV 
systems. The test results also indicate 
the high degree of performance that is 
achievable with properly designed state
of-the-art hardware. 

Description of Eight-Bit Codec Hardware 
A block diagram of the codec used in 

the tests described in this paper is 
shown in Figure 2. The input signal is 
passed through a 6.5 MHz low-pass filter 
to prevent aliasing errors when sampling 



at 14.32 MHz (four times the NTSC color 
subcarrier frequency). A similar filter 
is used on the D/A Converter output. 
These video low-pass filters provide a 
high degree of phase linearity through
out the passband. The test results 
presented in this paper apply primarily 
to 14.32 MHz sampling. For sampling at 
10.74 MHz (three times the NTSC color 
subcarrier frequency) , a lower cutoff 
frequency of about 5 MHz would be re
quired to prevent aliasing errors. 
Similar test results are obtained for 
the 10.74 MHz case as are shown for 14.32 
MHz sampling. 

The A/D Converter utilized for 
these tests is the Computer Labs' MATV-
0816, an 8-bit Converter capable of 
operating at sampling rates up to 16 MHz. 
(For sampling rates to 18 MHz, the CLI 
MOD-818 may be employed.) 

The modular construction of the 
MATV-0816 A/D Converter is shown in 
Figure 3. The volume of this Converter 
is approximately 22 cubic inches, and 
the power dissipation is 10 watts. The 
MATV-0816 A/D Converter uses a combina
tion of the serial Gray code technique 
and the all parallel technique of A/D 
conversion. A block diagram of the 
converter is showr in Figure 4. The 
six most significant bits are derived 
from serial Gray encoders. Each Gray 
encoder is contained in a T0-8 integrated 
circuit package. The "residue" output 
of the sixth Gray encoder is applied to 
a 2-bit parallel encoder which derives 
the two least significant bits. The 
module is self-contained and includes 
an input buffer amplifier, track-and
hold amplifier, timing generator, and 
TTL-compatible output registers. The 
unit accepts the standard 0 to +l Volt 
video input level at an input impedance 
of 75 ohms. 

The D/A Converter used in the test 
codec is a Computer Labs' MDD-0820A 
modular deglitched D/A Converter. As 
shown in the block diagram of Figure 5, 
the D/A Converter contains an input 
register, 8-bit current output D/A con
verter, deglitcher, output buffer 
amplifier, and necessary ~iming circuits. 
The output signal amplitude is the 
standard video level of l volt full scale 
into 75 ohms. 

The source of encode command for 
the A/D Converter is derived from either 
the multiplied 3.58 MHz subcarrier out
put of the video test signal generator 
(for "locked" measurements) or from the 
adjustable 14.32 MHz crystal osd ll.at-.or 
(for "unlocked" measurements). 

A discussion of test methods and 
results follow in the next sections. 
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DC Linearity and Accuracy 
The DC linearity error of a properly 

designed codec should be no more than 
±l/2 of the weight of the least signifi
cant bit (LSB). This error may be in 
addition to the inherent ±l/2 LSB quanti
zation error. Thus, the total error in 
the overall codec transfer function 
should not exceed ±l LSB, or 2 LSB's peak
to-peak. However, the test results pre
sented will show that properly designed 
video codecs can be expected to give 
considerably better performance. 

The codec DC accuracy and DC 
linearity can be measured using the test 
setup shown in Figure 6. This test shows 
the codec errors due to encoding a 400 
usee full scale ramp voltage input ob
tained from a standard function generator. 
The resulting error waveform provides a 
means of viewing the full scale DC per
formance of the codec. The difference 
amplifier may also be implemented by 
using two channels of a dual-trace 
oscilloscope in the "subtract" mode if 
care is taken not to overdrive either of 
the two inputs. Results for the test 
codec are presented in Figure 7. An 
ideal error waveform would have the 
characteristic l LSB peak-to-peak saw
tooth waveform. If the combined accuracy 
and linearity specification of the codec 
is 0.2% of full scale ±l/2 LSB, then the 
error waveform should never encompass a 
band wider than 2 LSB's. 

Note that the actual error waveform 
shown for the test codec in Figure 7 is 
well within this limit. 

A video test signal which is 
particularly useful in evaluating codec 
linearity is available on some of the 
newer signal generators and is shown in 
Figure 8. This is known commonly as 
the "unmodulated ramp", and traverses 
the black-to-white level in 40 usee. The 
codec output can be observed on an 
oscilloscope for nonlinearities and 
missing codes. The dual-trace oscillo
scope subtraction technique previously 
described can be utilized to check the 
actual error waveform. If the codec out
put is applied to a picture monitor, any 
step discontinuity in the codec transfer 
characteristic will appear as a vertical 
line on the screen. If the brightness 
level is adjusted on the monitor, any 
portion of the sawtooth can be examined. 
Incidentally, if the D/A Converter has 
signal-related "glitches" at the bit 
transition points, these will also be 
visible as vertical lines on the screen. 

Bandwidth 
The bandwidth of the NTSC color 

television is approximately 4.2 MHz. 



In practice, color television signals 
contain little energy above 4 MHz. 

The overall frequency response of 
the codec output follows a (sin X)/X 
curve. This is due to the reconstruc
tion process in the D/A Converter, where 
the output can be considered a series 
of rectangular pulses whose width is 
equal to the reciprocal of the sampling 
frequency. When this pulse stream is 
applied to a low-pass filter, the atten
uation at a frequency f with a sampling 
rate of fs can be expressed as: 

This curve has been plotted in dB 
(Figure 9) for the cases of three and 
four times subcarrier sampling rates. 
Any bandwidth measurements on the codec 
must consider this theoretical rolloff 
unless compensation has been provided 
within the codec. 

The "multiburst" test waveform is 
useful in making bandwidth measurements 
on video systems and is generally avail
able on most video test signal genera
tors. This waveform consists of a 
series of constant amplitude bursts at 
0.5 MHz, 1.25 MHZ, 2.0 MHz, 3.0 MHZ, 
3.58 MHz, and 4.1 MHz. More accurate 
frequency response characteristics can 
be obtained, of course, by input/output 
measurements with an oscillator and a 
RMS voltmeter. 

The multiburst response of the test 
codec is shown in Figure 10 for a 
sampling rate of 14.32 MHz. Note that 
the 4.1 MHz burst is attenuated by about 
14%, or 1.3 dB, as theory predicts. 

AC Linearity 
The ability of a codec to reproduce 

a spectrally pure sinewave is a measure 
of AC linearity. For an 8-bit system 
with a dynamic range of 48 dB, the 
signal-related harmonics should be at 
least 51 dB below full scale. In a sam
pled system, harmonics of the fundamental 
may show up as inband intermodulation 
products when they beat with the sampling 
frequency. For example, the third 
harmonic of a 3 MHz sinewave would appear 
at 9 MHz, and 5.32 MHz, for a system 
where the sample rate is 14.32 MHz. Note 
that the product at 5.32 MHz actually 
falls inside the video bandwidth. 

Signal-related harmonics are greatly 
reduced by adding a "deglitcher" circuit 
in the D/A Converter (Figure 5). The 
deglitcher in the D/A Converter consists 
of a type of track-and-hold circuit which 
is placed in "hold" immediately before a 
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new digital input word is applied to the 
D/A Converter current switches. The 
deglitcher track-and-hold remains in 
"hold" until the current switches have 
settled to their final value. When the 
switches have settled, the track-and-hold 
automatically returns to the "track" con
dition and slews to the new analog output 
established by the most recent digital 
input. In this way, the track-and-hold 
"masks out" the signal-related transients 
which occur at the bit transition points. 

The effects of the deglitcher are 
seen in Figure 11 (A), where the photograph 
shows a spectrum analyzer display of the 
codec output when a 1 t1Hz full scale 
sinewave is applied. The sampling rate 
is 14.32 MHz. Note the increase in 
harmonic content of Figure 11 (B), with
out the D/A deglitcher. 

With no deglitching, excess noise is 
seen as vertical lines on the television 
screen when a black-to-white test ramp is 
encoded and reconstructed. These verti
cal lines appear where the ramp passes 
through the major bit transition regions. 
Figure 12 is a multiple exposure of an 
expanded portion of a digitized and re
constructed "unmodulated ramp" test 
signal. The left-hand trace is the out
put of a non-deglitched unfiltered D/A 
Converter. The center trace shows the 
effects of adding a low-pass filter to 
the D/A output. Note that the magnitude 
of the vertical glitches has been reduced; 
however, they are still apparent and have 
the same relative amplitude, and would be 
clearly visible on a picture monitor as 
vertical stripes. The right-hand trace 
shows the further improvement achieved 
by adding both a deglitcher and a low
pass filter. 

Signal-to-Noise Ratio 
A common method for measuring signal

to-noise ratio in analog video systems 
consists of measuring the amount of noise 
on the flat portion of a constant lumi
nance test signal. 0nfortunately, this 
test signal only exercises the codec if 
the peak value of the test signal is in 
the transition zone between two adjacent 
codes. 

For digital systems, a full scale 
sinewave loading test has been developed 
which gives a better measure of the true 
signal-to-noise ratio. The test configu
ration is shown in Figure 13. 

A "pure" full scale sinewave of 
about 500 KHz is processed by the codec. 
The level of the reconstructed sinewave 
is measured with the bandstop filter 
switched out. The bandstop filter is 
then switched in, removing the funda
mental signal, and the RMS quantizing 
noise level is measured. For a perfect 



N-bit codec with a full scale sinewave 
input, the theoretical RMS signal-to
noise ratio is (6N + 1.8) dB, or 49.8 dB 
for a perfect 8-bit system. The 8-bit 
codec under consideration measures 
within 2 dB of theoretical, or about 48 
dB for the 500 KHz input signal. Tests 
have also been conducted using a 2.5 MHz 
input sinewave, and signal-to-noise 
ratios of about 46 dB are typical. 

Differential Gain and Phase 
Differential gain is defined as the 

percentage difference between the out
put amplitude of a small high-frequency 
sinewave at two stated levels of a low
frequency signal on which it is 
superimposed. Differential phase is the 
difference in the output phase of a 
small high-frequency sinewave at two 
stated levels of a low-frequency signal 
on which it is superimposed. Distortion
free processing of a color television 
signal requires that neither the ampli
tude nor the phase of the chrominance 
signal be significantly altered as a 
function of the associated luminance 
signal. 

The most common test waveform used 
to measure differential gain and phase 
is shown in Figure 14 and is commonly 
referred to as the 10-step 20-IRE unit 
modulated staircase. Some of the newer 
video test signal generators have the 
capability of increasing the subcarrier 
amplitude to 40-IRE units. Another test 
waveform available on the newer equip
ment is shown in Figure 15 and is commonly 
called the 20-IRE unit modulated ramp. 
Again, the option is usually available 
to increase the subcarrier amplitude to 
40-IRE units if desired. The system 
output being tested for differential 
gain and phase is usually measured on a 
vectorscope. 

In a digital system, the standard 
10-step 20-IRE unit modulated staircase 
test signal of Figure 14 will usually 
give misleading results on a vectorscope 
display of differential gain and phase, 
especially when sampling at a frequency 
locked to a multiple of the subcarrier 
frequency. Such a display is shown in 
Figure 16, where the differential gain 
is about 8% and the differential phase 
about 30. These numbers, while probably 
unacceptable for a strictly analog system, 
are very consistent with the theoretical 
analysis developed for an ideal 8-bit 
system. 

As Felix4 points out, the tradi
tional assumption underlying the analog 
differential gain and phase measurement 
is that a differential gain error of 8%, 
for a 20-IRE unit signal, would introduce 
the same 8% error for an 80-IRE unit 
signal. This assumption is incorrect, 
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however, in a digital system. The quan
tizing errors have fixed peak values 
regardless of the signal being quantized. 
The 8% reading on a 20-IRE unit signal 
due to quantizing would reduce to 2% on 
an 80-IRE unit signal and to 1.6% for an 
100-IRE unit signal. There would be a 
corresponding reduction in the differ
ential phase reading. 

When making these measurements on 
a digital system, the objective should be 
to devise methods to "see through" the 
"spikes" on the display caused by quanti
zation noise, and to observe the differ
ential gain and phase error due to analog 
distortions. 

The situation can be improved by 
several methods which will be illustrated 
by actual vectorscope displays of the 8-
bit codec. 

The three things which can be done 
to give a more meaningful measurement 
are: (1) Increase the subcarrier ampli
tude to 40-IRE units, (2) use the 
modulated ramp test waveform of Figure 15, 
and (3) "unlock" the sampling rate by 
about 100 Hz from an exact multiple of 
the color subcarrier frequency. 

The effects of performing the above 
are illustrated in Figures 17 through 23. 
The method which is preferred is shown in 
Figure 23 for the case of the 40-IRE unit 
modulated ramp with unlocked sampling. 
The other results are presented for re
ference, however, to allow for all 
possible test waveforms. There are some 
cases where unlocked sampling is not 
practical, as in some CATV applications. 

"2T" Pulse Response - "K" Factor 
The 2T pulse has become widely 

accepted as a test signal to measure the 
short-time waveform distortion of a 
video signal. The 2T pulse consists of 
a sine-squared pulse with a half-ampli
tude duration of 2T. T is the transient 
time constant of the TV system and is 
defined as T=l/(2 fu) where fu is the 
upper video-frequency limit of 4 MHz and 
T=0.125 usee. There is no energy in this 
pulse above the video bandwidth of 4.2 
MHz. Therefore, the pulse should pass 
undistorted through an ideal video system. 

Distortions of the 2T pulse such as 
ringing, smearing, etc., are normally 
analyzed in terms of K factors utilizing 
special oscilloscope graticules. Figure 
24 shows the 2T pulse after processing 
by the test codec. There is practically 
no distortion, and the corresponding K 
factor would be less than 1%. 

"12.5T" Modulated Sin2 Pulse Response 
The luminance and chrominance com

ponents of a color signal should pass 
through an ideal system with their 
relative amplitudes and delays unchanged. 



Variation in gain is called chrominance
to-luminance gain and variation in delay 
is called chrominance-to-luminance delay. 

The modulated 12.5T pulse is often 
used to check thse parameters. Figure 
25 shows this pulse after passing 
through the test codec. For a perfect 
system, the baseline should be flat. For 
the pulse in Figure 25, the baseline has 
a variation of 5% of peak amplitude. The 
shape of the baseline indicates there is 
no significant chrominance-to-luminance 
delay, but the 5% bend in the baseline 
indicates that the chrominance is 
attenuated by about 1 dB with respect to 
the luminance. This is exactly what is 
predicted by the (sin X)/X rolloff curve 
for four-times color subcarrier sampling 
(See Figure 9). Normally a high fre
quency "boost" circuit is incorporated in 
the system to compensate for this loss. 

Color Bar Response 
No testing program for a video codec 

would be complete without analyzing the 
codec response to a standard 75% ampli
tude full-field color bar test signal. 
A picture monitor is useful in analyzing 
color purity, and a vectorscope displays 
the color bars as individual vectors 
whose amplitude corresponds to the level 
of saturation and whose phase angle 
corresponds to the phase of the color 
with respect to the reference burst. 
color bars should appear as distinct 

The 
dots 
fall on the vectorscope screen and should 

within the calibrated squares on the 
graticule. 

Figure 26 shows the vectorscope 
display obtained by applying the color 
bar signal to the test codec. For this 
measurement, the sampling frequency is 
"unlocked" from the multiple of the sub
carrier frequency by about 100 Hz. 

Summary 
This paper has characterized an 8-

bit codec in terms of test parameters of 
particular interest in CATV applications. 
The test results obtained in all cases 
indicate that the codec described is 
capable of meeting the particular demands 
of the video industry as a whole. 

It is apparent the availability of 
this high performance hardware will 
attract more attention to the rapidly 
expanding area of digital television. 
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(A) FULL RAMP ERROR DISPLAY 
HORIZONTAL SCALE: 50 USEC/DIV. 
VERTICAL SCALE: 1 LSB/DIV. 

(B) EXPANDED DISPLAY 
HORIZONTAL SCALE: 2 USEC/ DIV. 
VERTICAL SCALE: 1 LSB/DIV. 
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(A) WITH DEGLITCHING (B) WITHOUT DEGLITCHI G 

FIG. 11 
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F I G. 1 2 6. 5 MHz LOW-PASS FILTER. 
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(A) DIFFERENTIAL GAIN (B) DIFFERENTIAL PHASE 

TYPICAL CODEC DIFFERENTIAL GAIN AND PHASE DISPLAY 
FOR 10-STEP, 20-IRE MODULATED STAIRCASE TEST 

WAVEFORM - LOCKED SAMPLING (14.32 MHz) 

FIG. 16 
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(A) DIFFERENTIAL GAIN (B) DIFFERENTIAL PHASE 

TYPICAL CODEC DIFFERENTIAL GAIN AND PHASE DISPLAY 
FOR 10-STEP 40-IRE MODULATED STAIRCASE 

TEST WAVEFORM- LOCKED SAMPLING (14.32 MHz) 

FIG. 17 

(A) DIFFERENTIAL GAIN (B) DIFFERENTIAL PHASE 

TYPICAL CODEC DIFFERENTIAL GAIN AND PHASE DISPLAY 
FOR 10-STEP 20-IRE MODULATED STAIRCASE 

TEST WAVEFORM- UNLOCKED SAMPLING (14.32 MHz +Lf) 
FIG. 18 
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(A) DIFFERENTIAL GAIN 

TYPICAL CODEC DIFFERENTIAL GAIN AND PHASE DISPLAY 
FOR 10-STEP 40-IRE MODULATED STAIRCASE 

TEST WAVEFORM- UNLOCKED SAMPLING (14.32 MHz + f) 

FIG. 19 

(A) DIFFERENTIAL GAIN (B) DIFFERENTIAL PHASE 

TYPICAL CODEC DIFFERENTIAL GAIN AND PHASE DISPLAY 
FOR 20-IRE MODULATED RAMP TEST WAVEFORM -

LOCKED SAMPLING (14.32 MHz) 

FIG. 20 
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(A) DIFFERENTIAL GAIN (B) DIFFERENTIAL PHASE 

TYPICAL CODEC DIFFERENTIAL GAIN AND PHASE DISPLAY 
FOR 40-IRE MODULATED RAMP TEST WAVEFORM 

LOCKED SAMPLING (14.32 MHZ) 

FIG. 21 

(A) DIFFERENTIAL GAIN (B) DIFFERENTIAL PHASE 

TYPICAL CODEC DIFFERENTIAL GAIN AND PHASE DISPLAY 
FOR 20-IRE MODULATED RAMP TEST WAVEFORM 

UNLOCKED SAMPLING (14.32 MHz +~f) 

FIG. 22 
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(A) DIFFERENTIAL GAIN (B) DIFFERENTIAL PHASE 

TYPICAL CODEC DIFFERENTIAL GAIN AND PHASE DISPLAY 
FOR 40-IRE MODULATED RAMP TEST WAVEFORM 

UNLOCKED SAMPLING (14.32 MHZ +.6.f) 

FIG. 23 
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FIG . 24 
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HORIZONTAL SCALE: 1 USEC/DIV. 
FIG . 25 
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ABSTRACT 

As more systems investigate and implement the 
expansion of services via two-way cable, the need 
for a systematic approach to the development and 
deployment of this technology becomes apparent. 
this paper presents the four-generation model used 
in the development of the Michigan State Univer
sity-National Science Foundation-Rockford Cable
vision Two-Way Cable Project, concentrating on the 
first two generations of the plan which are cur
rently operational in Rockford, Illinois. Signif
icant space is devoted to a discussion of the ini
tial cable system design philosophy, two-way cable 
system design precautions, experimental system 
operational design, spectrum assignment of ser
vices, return system operational levels, activation 
procedures of the return system, and finally main
tenance of the plant. In addition to a discussion 
of the technology employed in the Rockford Project, 
a report on the performance of that technology is 
also presented. The upward expandability of the 
Rockford technology is discussed, with focus on the 
third generation prototype terminals now being de
veloped to address utility automatic meter reading 
and load management energy problems. 

INTRODUCTION 

The most significant developments in two-way 
technology began in the early 1970's, when entre
preneurs such as Broadband Technologies (formerly 
Coaxial Scientific Corp.) developed and demon
strated the feasibility of two-way broadband cable 
communication. Broadband Technologies began by 
converting one of the four Columbus, Ohio, cable 
systems to two-way capability. A minicomputer was 
employed to scan the cable system, monitor and 
control four per-program pay-TV channels, and bill 
customers on a per-view basis. 

Another example of both the technical and 
economic success of two-way broadband cable is 
found in the TOCOM, Inc., system serving Woodlands, 
Texas. Also one of the early innovators in two-way 
technology, the TOCOM systems provide for the moni
toring of smoke detectors, security and medical 
alarms connected to subscriber-owned terminals. 
More recently, Warner Cable has announced the 
technical success of their new two-way system 
(QUBE), also in Columbus, Ohio. Finally, a number 
of other cities such as Dayton, Ohio, and Syracuse, 
New York, have expressed an active interest in the 
use of two-way cable for purposes of monitoring 
alarms. 
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Michigan State University became involved in 
the development of two-way cable technology inl974, 
when it proposed using a two-way cable ~ystem in 
Rockford, Illinois, for training firefighters in 
pre-fire planning. In early 1975, MSU began 
working with the Rockford Fire Department on a 
video tape series to be used to instruct fire
fighters in the techniques of pre-fire planning. 
The proposal, funded by the National Science 
Foundation, called for four of the fire depart
ment's 11 stations to be wired into the two-way 
cable system to enable men in those stations to 
respond to questions presented on the video tapes 
via a modified (Jerrold SX-2) cable television 
converter. 

Before becoming deeply involved in developing 
a new two-way system, MSU researchers decided to 
examine both the existing state of the art, as well 
as the future of two-way cable to determine the 
economic and technical viability of such a venture. 
In the past, the development of two-way systems 
has failed because the technology was isolated to 
a single service, and prevented major economies of 
scale through the multiplexing of applications for 
cost-sharing the two-way plant. Thus, a step-at
a-time approach was needed. 

MSU researchers, Broadband Technologies, and 
Rockford Cablevision, conceived a four-generation 
evolutionary approach to the design, development 
and deployment of two-way technology over a variety 
of existing and potential services. Briefly, 
those four generations are as follows: 

Generation I: The development of a com
bination Frequency and Time Division 
Multiplex (FDM/TDM) data collection 
system for two-way cable TV, where data 
is continuously transmitted from sub
scriber's terminal devices. Through the 
use of code operated switched deployed 
throughout the plant, it would be possi
ble to control the return, or subband 
(upstream), signal from areas of the 
system which serve approximately 100 to 
150 homes. From an operational stand
point, a computer at the headend would 
address a code operated switch, then 
direct a receiver in the computer to 
sequentially tune to each transmitter 
frequency and process the digital mes
sage from each household in that area. 
This process would be continued until 
all areas were surveyed by the computer. 
Applications of this technology would in
clude per-program pay-TV, audience mea
surement, alarm and detector monitoring. 



Generation II: The modification of the 
home terminal/converter to include a 
multi-position switch which allows the 
cable TV viewer a choice between the 
standard analog and new digital struc
ture. Selection of the standard mode 
would render the terminal equivalent 
to its current analog logical function. 
When, however, a response channel is 
selected, the channel-selecting func
tion of the terminal/converter is 
bypassed, and the television set is 
automatically tune to the appropri-
ate channel. The selector keys can 
then be used to transmit digital 
data. Applications of this tech
nology include interactive educa
tional programming, public forum, 
consumer marketing questionnaires, etc. 

Generation III: Development of 
the intelligent terminal via the 
introduction of a receiver logic 
circuit and microprocessor. As 
more and more applications are added 
to the two-way system, an efficient 
method must be found to handle the 
increased data flow. The receiver 
logic circuit allows the terminal to 
accept data from the headend, while 
the microprocessor would be programmed 
to control the data format. The 
increased flexibility of this stage 
allow such new applications as auto
matic meter reading and power load 
management, in-home shopping, complex 
questionnaires, video games, etc. 

Generation IV: Currently the last 
projected stage provides for an 
increase in the information processing 
technology of the system through the 
addition of low cost "bubble" memory 
storage in either the terminal or in 
on-line logic gates such as the code 
operated switches. This will allow 
for the transmission of time-compressed 
digital signals to a memory in a specific 
location such as an individual subscriber 
terminal. With the increased data stor
age capacity, applications such as on
demand catalogs and newspapers would 
not be unlikely since it would be 
possible to "page" a portion of the 
downstream data channel for local 
display on the home television set. 

The first two stages of the above four-gener
ation plan are currently operational in Rockford, 
Illinois. The remainder of this paper will deal 
with some of the considerations involved in the 
design and deployment of that technology, as well 
as a discussion on the performance of the system 
to date. 

DESIGN PHILOSOPHY 

In our assessment of all the ills that beset 
the two-way cable system operator, both real and 
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imagined, w2 drew a few personal conclusions from 
which the Rockford system design proceeded: 

1. It is unlikely that there will be "a 
TV studio in every living room" due to 
(a) the limited need, and (b) the 
high cost. 

2. It is equally unlikely that there will 
be a need for a audio communication 
circuit into the home as (a) the tele
phone adequately provides for this 
specialized need, and (b) the nature 
of a cable system is not conducive 
to such a service. 

3. There is, or can be, a great deal of 
data collected from a home both to aid 
in the routine operation of that home, 
and to interconnect it with the active 
outside world (i.e., to provide it 
with an "interactive" capability). 

4. There are a number of existing or 
potential video sources scattered 
around most communities. 

5. There is a need for a local broadband 
distribution network for intracity 
data transmission to points scattered 
around the community. 

If we consider the above list, and throw out 
the "blue sky" schemes, we arrive at a number of 
services which have a possibility of being sold, 
and which can be technically accommodated within 
the capabilities of a practical two-way cable 
television system. 

We will discuss elsewhere in this paper spe
cific system design problems and precautions. In 
considering these problems in conjunction with the 
several service applications listed above, a fun
damental decision was made to use the system dis
tribution "feeder" cables for data acquisition 
only, and to use the system transportation "trunk" 
cables, for remote video and business data acqui
sition. This decision permitted us to choose a 
system of feeder-return switching, under which the 
cable system is divided into small areas of about 
150 addresses, and each is sequentially interro
gated for its data content. As this data return 
signal is formatted as an FSK (FM) type of trans
mission and is narrow-band, it is unusually immune 
to the interferrence to which the distribution 
system is most susceptible. A 20 db signal-to
noise ratio provides an extremely reliable data 
circuit, and only occasional errors result to a 10 
db ratio. 

The switched data acquisition system chosen, 
developed by Broadband Technologies, was designed 
to operate in TV Channel T-7 (i.e., 5.75 to 11.75 
MHz), and this suggested a further refinement of 
the cable system return path, limiting the feeder 
return bandwidth of this channel while keeping the 
trunk return at the full 5 to 30 MHz bandwidth. 
This was done with the overall result that no 
feeder return data or noise can be injected into 
the trunk return path except during interrogation, 
at which time the 12.5 to 30 MHz feeder noise 
contribution is attenuated by at least 25 db. 
This technique permits the trunk return, which has 
a relatively low "ingress" suseptability, to be 
maintained at "video quality" with respect to its 
signal-to-noise ratio. 



DESIGN PRECAUTIONS 

In anticipation of the then-known problem 
associated with two-way cable, Rockford Cable
vision system designers were especially attentive 
to factors which could contribute to interference 
intrusion, or ingress, and would affect the up
stream signals. Obviously the active and passive 
equipment selected for the system (e.g., ampli
fiers, directional couplers, tap-off units, power
insertion units, etc.) must have high RF shielding 
over the entire frequency spectrum, from well below 
5 MHz to well above 300 MHz. A shielding effec
tiveness of 140 to 150 db would seem to be a mini
mum acceptable rating. Torque wrenches must be 
used in fastening covers and lids to maintain this 
shielding level. 

Trunk and feeder cable fittings must have a 
similar shielding effectiveness, and this is 
accomplished in part by using the available steel 
cable-inserts. The fitting itself must seize and 
hold the cable so tightly that the two become as 
one with relative movement prevented. Too much 
pressure will result in metal deformation and "cold
flow", so here too it is most important that torque 
wrenches be used in tightening every fitting. 

As a further precaution against fitting prob
lems, the Rockford system uses two full-sized, 
flat-bottomed, expansion loops at each pole -- one 
on the span side of all equipment. This does 
provide more protection than necessary inpreventing 
cable rupture due to flexing fatigue, however, at 
the same time, it virtually eliminates the forces 
on the fittings from cable flexing, twisting, ex
pansion and vibration, and thereby removes the 
major cause of loose fittings. 

Service drops are obviously the most difficult 
potential interference ingress source to control. 
First, because there may be twice as many miles of 
such cable as the combined miles of the whole dis
tribution plant, second because system owners tra
ditionally let up on standards at this point to cut 
costs, and finally because we are at the mercy of 
the subscriber after the cable enters the home. 

Rockford selected the eight-mil bonded con
struction type of cable as the only one, at the 
time, which provided sufficient shielding at low 
cost. Long ferruled fittings using a hex crimp
ring were selected, and the cable was installed 
using loops which in this application were designed 
to prevent vibration from causing metal fatigue. 
At the grounding block, the eight-mil cable ended 
and a double-braded cable continued on to the wall 
plate and to the matching transformer. As a final 
effort toward minimizing ingress, TV matching 
transformers of the high-pass variety were selected, 
and in the case of 75 ohm television sets a sepa
rate high-pass filter was installed. These devices 
provide a low frequency rejection of 25 to 40 db 
reading from 30 to 5 MHz. 

SYSTEM DESIGN 

The Rockford system consists of studio/control 
devices at the cable system headend, primary code
operated switches (P-COS), secondary code-operated 
switches (S-COS), response terminals, and test end
of-line oscillators (ELO). 
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The Rockford system departs from usual system 
design philosophy in one important respect, the 
feeder cable upstream path passes only the 5 to 
10.5 MHz spectrum while frequencies of 12.5 MHz 
and above are attenuated by 25 db or more. The 
trunk cable passes the full 5 to 30 MHz, which 
includes the feeder data signals. This feeder
cable bandwidth-limiting, together with the tech
nique of feeder switching developed by Broadband 
Technologies, and quadrant switching, has brought 
signal and noise ingress, and system amplifier 
noise cascading down to very manageable levels. 

The General Automation computer (SPC-16) 
listed in Figure 1, controls the various equipment 
in the studio so that lessons may be given and 
transmitted on TV Channel B with no human inter
vention. From an operational standpoint, the 
minicomputer is used to control a Shintron 367 
time code reader/switcher, plus a time code con
troller designed and built by members of the MSU 
research group. The video tapes produced by MSU 
in cooperation with the Rockford Fire Department, 
were recorded with the Society of Motion Picture 
and Television Engineers (SMPTE) time code on 
channel one of a dual track video cassette. Thus, 
the computer can synchronize videotaped lessons 
with programmed computer instructions, starting 
and stopping the lessons based on the responses of 
firefighters on their remote terminals. The mini
computer interrogates the response terminals in the 
field by (1) transmitting coded FSK signals at 112 
MHz to addressable receivers located in each pri
mary (P-COS) and secondary (S-COS) code operated 
switch, which in turn determine the select up
stream path and amplifier opened, and (2) by tuning 
one-by-one through the various COS, terminal, and 
ELO FSK signals, identifying each by the unique 
combination of frequencies, and reading the return 
data content. Thus, when a multiple choice 
question is presented on the video tape, the mini
computer will stop the lesson, interrogate the 
response terminals, and when all firefighters have 
answered, resume the lesson. 

The headend quadrant return circuit control 
is shown in Figure 2. The primary code operated 
switch (P-COS) for each of the four quadrants is 
located within the cable headend, with only the 
North quadrant illustrated for purposes of this 
example. From an operational point of view, a 
firefighter at Fire Station #1 in the North quad
rant might press a button on his modified SX-2 
converter/terminal and enter his response to a 
multiple-choice question into the return data 
stream. This upstream signal, modulated at some 
specific frequency between 7.5 and 10.5 MHz, would 
be filtered through the diplexer shown in the dia
gram, and isolated by a 5 to 10.5 MHz low pass 
filter, and routed to a diode switch operated by 
the computer-controlled P-COS. A P-COS identifying 
tone is made to go through this switch as verifi
cation of its operation. All quadrant return diode 
switch outputs are brough together at a four-way 
mixer, with only one "on" at a time. After passing 
through a second (band pass) filter and an ampli
fier, the return signal is finally fed to the FSK 
scanning receiver at the minicomputer. 

Figure 3 sho\~s the basic two-way cable plant 
as used in this experiment and indicates its expo-
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sure to ingress interference. At any instant of 
terminal interrogation, about 4,000 feet of feeder 
cable, 9,000 feet of trunk cable, and 15,000 feet 
of subscriber service cable (e.g., 40 subscribers) 
is "on" and is a potential source of short-wave 
radio or electrical interference. 

In this experiment the feeder cable and sub
scribers-per-amplifier is low due to the turning
up of only enough amplifiers to effect the desired 
return path. A normal fully operational amplifier 
would have about 8,000 feet of feeder and 65 sub
scribers with an ingress-exposure factor about 
twice as great. 

The terminal houses an FSK transmitter which 
is "on" all the time and which is modulated by 
activating any of several push-buttons on the 
modified Jerrold SK-2 converter. This causes a 
data word, which is also continuously transmitted, 
to change its content accordingly. The ELO is a 
test signal transmitter located as its name implies, 
at the end of the line. Initially this signal was 
simply monitored for its presence and amplitude, 
however newer units will be used shortly that have 
a forward signal monitoring capability so that 
total plant maintenance will be greatly improved. 

The amplifier and S-COS configuration used in 
Rockford is shown in Figure 4. A Magnavox 4-MC-2 
series amplifier was factory modified to (1) limit 
the feeder return to the 5 to 10.5 MHz frequency 
band, and (2) include a feeder return disable cap
ability which is accessed through the amplifier's 
unused 7th port. A modified COS incorporates the 
FSK receiver and addressable logic which provides 
the control voltage to the feeder return switch. 
This S-COS also injects a special frequency into 
the return path which functions for test and iden
tification purposes. 

OPERATIONAL LEVELS 
The manufacturer specifications for upstream 

television signals call for return amplifier out
put levels of +30 dbmv for four channels. This 
level generates extremely low intermodulation 
products and, in our system of switched feeders, 
results in an intrinsic signal-to-noise ratio of 
about 50 db. A change in level setting techniques 
should be mentioned here, in which one uses the 
return amplifier inputs as the equalization and 
control point rather than the amplifier outputs 
as in normal forward transmission. This is man
dated by the multiplicity of signal sources all 
arriving at the amplifier by different paths with 
random lengths and attenuations. 

The +30 dbmv television signal was used as 
the starting point and four such signals accepted 
as the desired amplifier loading. By assuming a 
9 db gain as required for a "worse case" situation, 
an amplifier input of +21 dbmv for television 
becomes the specified level for the television 
signal trunk return amplifier inputs. 

Assuming a 10 KHz data signal bandwith, and a 
10KHz guardband, the 4 MHz television channel will 
accommodate 200 such data channels. By operating 
these 200 channels at -2 dbmv (amplifier input), 
we load the amplifier approximately as heavily as 
one television channel at +21 dbmv, and this then 
becomes the specified level for a 10 KHz data
signal trunk return amplifier input. Line 
extender amplifiers are operated at a +1 dbmv in
put, based on the output capabilities of the 
various signal sources and system losses. 

From these input levels we may determine the 
maximum permissable interference levels for each 
of the types of noise with which we must contend. 
Table I below indicates various interference levels 
measured over the two types of service, television 
and data. 

Table I: Interference Levels by Type of Service 

Trunk Amplifier 
Type of Service Input Level (dbmv) 

Television 4 MHz +21 

Data 10 KHz - 2 

Random Noise 
(dbmv) 

-26 

-22 

Discrete Radio 
Signals (dbmv) 

-36 

-22 

Electrical 
Noise (dbmv) 

-25 

-22 

As the nuisance value of the interference is 
frequency related, it is necessary to list the 
Rockford Cablevision frequency assignments for its 
return system. In Table II below, the spectrum 
allocation of the upstream portion of the system 
is indicated. 

Table II: Upstream Spectrum Allocation by Type of Service 

Type of Serv~ce Frequency Allocat~on 

Data Acquisition 

Voice, System Alarms 

Television 

Business Data 

26 

From To 

7.5 MHz 10.5 

5 MHz 7.5 

11. 75MHz 23.75 

23.75MHz 30 

MHz 

MHz 

MHz 

MHz 
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While indicated as a separate service in Table 
II, it should be noted that "voice" is used only in 
conjunction with the remote television service on 
trunk lines. Note also that the business data 
band will avoid the CB band at 27 MHz. Random 
noise, as an interference, is dealt with in system 
design and will be no problem whatever for data if 
it satisfies the requirements of the television 
service. 

Discrete radio interference is a major prob
lem in the 5 to 15 MHz band, and again at 26.96 to 
27.41 MHz (e.g., CB). While FSK data and FM voice 
systems can tolerate interference ratios of 10 db, 
even up to 4 db, we have found that we have no 
problem holding this interference to at least the 
10 db ratio and normally to a 20 db or greater 
ratio. Within the television channels used, T-8 
and T-9, the only problem area is the 13 to 15 MHz 
range, and here again we are able to achieve the 
desired -36 dbmv (-57 db ratio) with reasonable 
maintenance measures due to essentially trunk-only 
exposure. The CB interference problem was nearly 
uncontrollable, and the goal became a two-fold one 
of avoiding the use of these frequencies, and of 
containing them to the extent of preventing them 
from contributing significant loading to the return 
system. This abandonment of the CB frequencies 
meant that television channel T-10 could not be 
used for television, and we have therefore assigned 
the resulting split-band to the business-data 
service. 

Electrical interference, at -22 dbmv measured 
at 10 KHz bandwidth for data, or at -25 dbmv cal
culated to a 4 MHz bandwidth for television, does 
not pose a serious problem. The greatest exposure 
area, the feeder cables, are able to tolerate the 
highest interference level in the system, and 
conversely, where we need the best protection at 
the trunk television frequencies, we are the most 
protected. The business data band has no problem 
in that by the time we achieve the necessary 
interference ratios for television we are 20 to 30 
db beyond the needs of a data circuit. 

MAINTENANCE PROCEDURES 
Initial set-up of the cable system return 

transmission path is accomplished by inserting a 
composite test signal (at 6, 9, 19 and 28 MHz) into 
the input of the last return amplifier (e.g., first 
forward amplifier) with all frequencies at the same 
arbitrary, let's say -2 dbmv, level. The display 
at the headend is monitored and the amplifier gain 
and slope controls are varied to achieve a flat 
display of an amplitude consistent with the losses 
built-in between the amplifier and the test point. 
This flat display is logged and the field person 
then moves back to the next amplifier and repeats 
the procedure and adjusts for the same display. 
This procedure is repeated back to the first return 
amplifier. A technique is being developed to allow 
the field man to carry a small TV set and to 
remotely observe the head-end display on command. 
Initially, all remote signal sources, such as 
terminals, ELO's, TV modulators, etc., must be set 
up using a two man team to insure that the 
amplifier input signals are properly balanced. The 
remote-controlled monitoring will serve this oper
ational need as well as for initial set-up. 

28 

Signal intrusion into the return path of a 
cable system is directly related to signal radia
tion by the forward system. The nature of the 
system defect will determine the magnitude of both 
the signal ingress and egress, as does the fre
quency of the signal involved. The first step we 
follow in "de-ingressing" is to carefully monitor 
the involved area with a "Sniffer" (Com Sanies) 
and to correct any observed radiation down to a 
level usually somewhat below the FCC radiation 
limits. After this a technician moves one 
amplifier at a time, feeder by feeder, tap by tap, 
and drop by drop as necessary, until the ingress 
is some 10 db better than the minimums. This 
procedure results in a rigorous testing of the 
overall integrity of the return cable plant, 
excluding the forward amplifiers, and will reveal 
many problems that are only marginally, if at all, 
apparent on the forward side of the system. A 
welcome end-result of de-ingressing is better 
performance on the forward system. The Rockford 
experience is that once you go through de-ingres
sing, the results are long-term. 

UPWARD EXPANDABILITY 
The discussion up to this point relates to 

the implementation of the first two stages in the 
four-generation model. The MSU-NSF-Rockford Two
Way Cable Project, as a technical operation and 
from a cable operators standpoint, was an unquali
fied success. In a nutshell, after an initial 
period of de-ingressing the system, and of tech
nician training, the experiment proceeded, and 
continues to proceed, with virtually no special 
maintenance attention and only nominal technical 
monitoring of the return signal levels and signal
to-noise ratios. 

Adaptation of the Rockford system to the 
third generation of the plan would require mini
mum change. Initially, the FSK transmitter 
circuitry would be placed in a separate terminal 
box. Since requirements of the third generation 
dictate the terminal also have the capability to 
"receive" messages and act upon them, a receiver 
logic circuit is added to handle incoming messages. 
Control of these functions is accomplished via a 
microprocessor within the terminal. A prototype 
third generation terminal is currently being 
developed at MSU. The evolution of the system 
beyond the third generation is a point of specula
tion due to always-changing technology. 

CONCLUSION 
Perhaps the most important point of this 

paper was to demonstrate the success of the first 
two stages of the four-generation model, and the 
two-way technology employed in Rockford to date. 
No longer are system operators required to make a 
gigantic leap into two-way, testing the water with 
both feet. As indicated in this paper, a step-by
step approach is not only technically feasible, 
but cost-effective with new services added on a 
demand basis. In a capital-intensive industry, 
the upward expandability of new technologies must 
receive primary attention. 



THE URBAN MARKET: PAVING THE WAY FOR TWO-WAY TELECOMMUNICATIONS 

John D. Fannetti & Jack Reed 

City of Syracuse 

The City of Syracuse, by reason of its 
recent decision in favor of a sophisticated two-way 
cable system with the capability of delivering both 
entertainment and services to its subscribers, has 
become at once a testing ground for the applica
tion of this totally new concept to the major urban 
market. 

All indications are that the future growth 
and, perhaps the very survival, of the cable 
industry will rely heavily on its willingness to 
accept the challenge to be responsive to the ever
increasing needs of the subscriber, particularly 
the urban dweller. The cities of the nation, by 
the very nature of their populous composition, are 
the obvious choice for a two-way telecommunication 
system capable of fulfilling these needs, while at 
the same time providing .the cable operator a good 
rate of return on his investment. 

While the earlier consensus was that cost 
would be a prohibitive factor in considering the 
delivery of services, even should the idea prove 
technically feasible, there has been a reversal on 
this theory. The idea has proven technically 
feasible, and marketing~rveys have indicated that 
the cost factor will be a positive rather than a 
negative consideration, even with a conservative 
rate of penetration. This means that the provis
ion of extensive services to the urban subscriber 
need not -- in fact, will not -- diminish the 
market's attractive financial outlook, but will, 
rather, enhance it, thus making the major urban 
market an attractive one, indeed, to an increasing 
number of cable operators. 

But how can success be insured in such an 
innovative venture? And what are the necessary 
steps and precautions that must be taken to make 
such an undertaking economically and practically 
feasible? 

Using the City of Syracuse as a model, this 
presentation will explore the various stages in the 
development of a total two-way cable system, part
icularly as it applies to the urban market. In so 
doing, we will examine the criteria that has thus 
far been, and continues to be established, as the 
system envisioned for Syracuse now enters the realm 
of reality. 

Before commencing, it should be stressed 
very strongly at this point that such a system must 
be designed specifically and uniquely for that 
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particular area or market it will serve. This will 
entail considerable pre-engineering, to ensure the 
avoidance of the problems and ptifalls previously 
encountered in efforts to provide municipalities 
with a two-way communications system. 

Analyzing and determing the ideal concept 
which might yield the ultimate CATV system relevant 
to performance, flexibility, reliability, expanda
bility, economical and marketing feasibility is 
indubitably a Herculean task. It's significance of 
importance is second to none in the preliminary 
ground rules set forth for attaining the aggregate 
requirements of any cable system. 

In many instances, the geographic limita
tions within a community will indicate the approp
riate system concept. Specifications for perform
ance criteria might also constrain the number of 
potential design techniques. 

System "concept", in this sense, does not 
involve determining the provisions for number of 
channels, distortion parameters, subscriber per
formance specifications, municipal/private access, 
pay TV, etc., but a means of delivering these pre
determined specifications and services in the most 
efficient manner. 

Geography without a doubt plays a powerful 
role in determining the concept of a cable plant. 
Its existence is, in fact, suggestive. Master
Headend, Master-Hub, Sub-Headend, Slave Hub, Micro
wave, Mid-Split Interconnect, Long-Haul Transporta
tion, these familiar configurations are typically 
pertinent to geographic limitations. What is ideal 
for the City of Syracuse. 

Long-Haul, Microwave, and Interconnecting 
Hubs are commonplace in an abundance of urban 
markets. This precedence is primarily due to the 
magnitude of these markets. When is a Hub-type 
system, regardless of interconnect design, most 
applicable? A Hub-type system is necessary when: 

A. The overall distance from one central distribu
tion point to the extremities of the system 
produces a cascade (the number of mainline 
amplifiers in succession) of such proportion 
that end system performance becomes electrical
ly unattainable. 



B. The total number of amplifiers exceeds the 
tolerable limit of "noise funnelin,-" (the 
combining distortion effect in the return 
path of a bi-directional system). A Hub-type 
svstem essentially divides the total number of 
amplifiers by a factor equal to the number of 
hubs. 

C:. Environmentc:tl boundaries such as rivers and 
lakes or man-made structures such as rail
roads or superhighways, obstruct or elimin
ate a convenient path for an economical dis
tribution system via direct cable path. 

D. Restrictions within the community (school 
districts, political districts, etc.) 
dictate proportioning of the cable plant. 

These four points represent only a few ex
amples, but they are the most influential variables 
in evaluating the ideal concept for the City of 
Syracuse. 

Before analy~ing these variables and their 
relationship to our City, let us consider a few of 
the basic facts surrounding the attractiveness of 
this particular market. 

The Citv of Syracuse, geographically speak
ing, cries out for cable television. It includes 
all the necessary ingredients for a viable and 
profitable cable system: 

- High de.nsity 
- Excellent strand continuity 
- Condensed mileage 
- Limited local off-air reception 
- Primed subscriber base 
- Low percentage underground plant. 

Concept 

The first conceptual alternatives we shall 
consider is s Hub-type system. Is there a require
ment based on the parameters previously stated. 

A. The maximum distance from a centralized dis
tribution point to anv extremity of the system 
will not exceed four miles. NO REQUIREMENT. 

B. Noise-funneling from a total of 300 miles of 
plant would severe~y ourden bi-directional 
performance. REQUIREMENT 

C. Existing environmental boundaries include only 
Routes 81 and 690 which are elevated highways 
for the most part, therefore, they are not 
obstructing strand continuity. NO REQUIREMENT. 

D. POSSIBLE REQUIREMENT. 

The limits of bi-directional performance do 
indicate the necessity for a hub-type configuration. 
In order to achieve tolerable performance in the 
reverse direction of a bi-directional cable system, 
the total nubmer of amplifiers "funneling" from any 
one sector should be limited to 100 to 130 active 
devices (amplifiers). A good rule of thumb in 
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estimating the quantity of amplifiers in a system 
is approximately 2 amplifiers for every mile of 
plant. This estimate would provide a total of 600 
amplifiers (2 x 300 miles) for the City of Syracuse, 
or the requirement for 5 hubs (600 _:__. 120). The 
question now remains, where would these hubs be 
best situated? 

Five hubs - five councilmatic districts. 
Let us investigate how this puzzle might fit. Quite 
frankly, this concept was a "shot in the dark" 
initially. The boundaries of the council districts 
could have very easily been disastrous for this 
concept. Contrarily, once again, the City of Syra
cuse opened up its arms to cable television. Anoth
er ideal situation for the application of a cable 
system. 

Shown above are the approximated locations 
of the five districts (a scaled map with precise 
boundaries has been laid out and is available at 
the Office of Electronic Communications). Five 
district areas encompassing an area of approximate
ly 60 strand miles each. How do we then apply a 
hub-type configuration to these sectors? 

Hub-Type Configuration 

In reviewing once again the need for a hub
configuration, it has been established that its 
necessity is dictated by the requirements of: (1) 
meeting bi-directional performance; and (2) provid
ing individual trunk feeds to the councilmatic 
districts. Distance or cascade is not a limitation. 
Why is this important? 

Throughout this evaluation, a "Hub-type con
figuration" has been stressed in lieu of a "Hub". 
The end result of this systems concept can be 
achieved in numerous ways. The end result being 
a division of the system into five sectors, and 
those five sectors being the councilmatic districts. 
A hub is normally a source of distribution remote
ly located so as to best service a definitive area, 
independently and interconnected to a master Head
end/Hub via microwave, long haul transportation, 
etc. This Hub locations can be passive, (a pole 
location where an amplifier diverts signals to that 
area's subscribers) or it may be active (located 
within a building with its own antennae receiver 
and processing equipment for local origination, 
etc.). If these sectors were located 10 to 15 
miles from the master hub site, this configuration 
would be appropriate, however, distance or cascade 
is not a limitation. 



This may lead to some confusion, so let's 
look at this situation graphically. 

"Option ln 
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"Option 2" 

Option 1 and Option 2 provide identical 
service. In both examples, (l) indicates the mas
ter headend/hub. In Option 1, information is trans
mitted from (1) to remote hubs via microwave or low 
frequency RF transmission (bi-directional). This 
path would carry all signals unavailable locally. 
At each hub site additional local channels and 
local origination would be combined with the sig
nals on the interconnect path and then distributed 
throughout the sector to its subscribers. This is 
a costly venture, yet a necessity in a system 
where cascade presents a problem. 

As an example, let us compare two 
systems to fully understand the relation 
to a system's performance. 

cable 
of cascade 
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A-B Distance from 
master site to 
centrally located 
hub: 

B-C Distance from hub 
to extremities of 
system: 

I. A to B @300 Mhz: 
B to c @300 Mhz: 

Total A to C: 

II. A to B @108 Mhz: 
B to c @300 Mhz: 

Total A to C: 

Decrease in cascade 

20 
20 

40 

lJ 
20 
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Cable City 
USA 

)0,000 
(lOmi.) 

50,000 
(10 mi.) 

amplifiers 
amplifiers 

ampli.fiers 

amplifiers 
amplifiers 

amplifiers 

utilizing low-frequency 
interconnect: 9 amplifiers 

4 
8 

12 

2 
8 

10 

2 

Syracuse, 
New York 

10,000 
(2 mi.) 

20,000 
( 4 mi. ) 

amplifiers 
ampJifiers 

amplifiers 

amplifiers 
amplifiers 

amplifiers 

amplifiers 

This is an effective demonstration of the 
relevance of distance to hub utilization. In 
"Cable City, USA", the extreme distance from Master 
site to system extremity warranted a low-frequency 
interconnect, rendering a reduction of nine amplifi
ers in cascade. This reduction could increase the 
distribution amplifiers output level sever dB 
($70 to $100/mi. savings). 

In the case of Syracuse, the reduction only 
rendered a savings of 2 amplifiers. This would 
have no impact whatsoever on distribution levels 
since cascade will not become a determining factor 
to system levels until it exceeds at least 20 
amplifiers. So what does all of this CATV jargon 
imply? In one simple paragraph it implies: 

A Master Hub to Hub interconnect via micro
wave or low-frequency transportation is absolutely 
unnecessary. A geographic/demographic division of 
the City is necessary. This division should be 
accomplished by providing five multiple trunks 
from the Master site to each of the councilmatic 
districts with subscriber distribution commencing 
once each trunk enters its designated district 
(see Option 2). 

The final alternative to consider is the 
type of system to be incorporated into this concept 
of multiple sectors. 

There are two obvious choices, and other 
than these two variations, I would seriously doubt 
if any other type system would provide all the 
services and flexibility required for the Syracuse 
system. These two choices are a Mid-split, dual
trunk with single feeder, and Sub-split, dual-trunk 
with dual feeder. It is difficult to evaluate which 
system will be the ideal one for Syracuse, as both 
are highly sophisticated bi-directional plants. 
The final decision will more than likely be made in 



analyzing how the franchise applicant proposes to 
execute either of these two options. 

Seldom does the opportunity arise for the 
application of a dual plant. Existing dual cable 
plants throughout the country probably number less 
than 2%. Why such a low percentage? A dual cable 
plant is unequivocally a financial disaster with
out the proper DENSITY and CONTINUITY. 

Initial cost of dual versus single plant 
can be evaluated by applying the following form
ula: 

Where: Ds Cost per mile of single plant 
distributions. 

Dd Cost per mile of dual plant 
distribution. 

X : Difference in cost per mile of 
single vs. dual. 

ss Cost of subscriber installation 
single plant. 

sd Cost of subscriber installation 
dual plant. 

y Difference in cost of subscriber 
installation. 

n Number of subscribers per mile. 

IF: X > (yn) Single Plant 
Dual Plant X < (yn) 

Formula: 

* > 
< 

Assume: 

Applied: 

D : X 
s 

Greater than 
Less than 

Ds $5,500 

Dd $8,000 

s 
s 

$55 

sd $30 

n : 50 subscriber miles 

in 

in 

Dd D x or $8,000 - $5,000 - $2,500 s 

ss sd y or $55 - $30 = $25 

X $2' 500 
y $25 
n : so 

yn $1,250 

IF: X > (yn) Single plant 
X : $2,500 

yn $1,250 

THEN: $2,500 > $1,250 Single plant 
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IF: n : 100; yn $2,500; Single or dual plant 

n = 150; yn $3,750; Dual plant 

In analyzing the point of crossover for 
single versus dual plant it becomes apparent in 
applying the formula that the value of "x" is 
most critical. Its importance becomes even more 
critical as the value of "n" decreases. 

The value of "x" and "n" will fluctuate in 
different cable plants. "X" relative to _.:ontin
uity and "n" relative to density. "Y" will remain 
Z~nstant in any system. The cost of subscriber 
materials is in no way effected by system para
meters. The value of "y" is derived as shown below. 

Subscriber 
Material 

Single 
Plant 

Cable($3,500/100') 3.50 
Gro Block (.40/ea.) .40 
Transformer (.45/ea.) .45 
"F" connectors (. 08/ea.) . 56 
Labor 12. 50 
Converter 40.00 
A-B Switch 

Total $57.41 

y = $25.28 

Dual 
Plant 

7.00 
.80 
.45 
.88 

18.50 

4.50 

$32.13 

The better the strand continuity, the smaller the 
value of "x" will be. The higher the density, the 
higher the value of "n" will be. What then is the 
approximate application for Syracuse? 

Syracuse- 223 homes passed/mi. @ .45% Penetration -
100 subscriber/mi. 

IF: y $25 (known) 
n : $100 (known) 

yn $2,500 

IF: x > $2, 500/mi. 
x < $2,500/mi. 

Single Plant 
Dual Plant 

at 50% penetration yn 
at 60% penetration yn 
at 70% penetration yn 

$2,800 
$3,350 
$3,900 

The value of "x" will alwavs be greater than 
$2,000 in any system, regardless of how the system 
appears geographically. Recognizing this, along 
with the constant value of "y" at approximately 
$25, if "n" is ever less than 80 subscribers per 
mile a dual plant is generally unaccpetable. Rem
ember that "n" is subscriber/mile and not homes 
passed/mile. Assuming a penetration of 50% a cable 
system requires the equivalent of 160 homes passed/ 
mile in order to justify a dual cable plant. Hence, 
less than 2% dual plants nationwide. 

Recognizing the definite possibility of a 
dual plant system for Syracuse because of its 



Marketability 

Advantage 

- Two tier basic 
service 
Two tier pay 
service 

- Rate versatility 

Flexibility 

Advantage 

- 8 return video 
channels accessible 
at any location in 
city. 

- 40 return channels 
total 

- Private access via 
converters 

Disadvantage 

- Eliminates remote 
control 
Additional wiring 
required 

- For multiple units 
(pre-wired). 

Disadvantage 

- 18 channel max for
ward. 

- Multiple drops pot
tential. 

- Environmental eyesore 

- Lower maintenance costs. 

Here we encounter the barriers which 
counterbalance the previously mentioned economic 
advantages of a dual plant. This is not to say 
they totally eliminate the execution of this con
cept, but their importance must be evaluated. This 
evaluation is quite simple. The questions to be 
answered are: 

l. As a consumer, and being presented with a 
choice, would you prefer the convenience of 
a remote control device (converter) rather 
than an A-B type switch controlling the TV 
set channel selector? 

2. As an apartment building owner, would you 
object to having to pay the additional 
costs of wiring your complex for dual system 
having already expended the money for your 
existing MATV system? 

3. Does the Syracuse market require more than 18 
cable channels? 

4. Will the ecology mindful citizens of the comm
unity object to the excessive required for a 
dual plant? 

If your response to any of these questions was 
"yes", your evaluation has rendered a veto against 
a dual plant concept. 

Our final consideration then is a single plant 
concept, actually a modified single plant, incorp
orating a second parallel trunk for bi-directional 
capabilities. 

This system is capable of delivering: 

35 channels in the forward direction of 
the "A" turnk. 

- 4 channels in the return direction of the 
"A" feeders. 
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- 20 channels in the forward direction 
of the "B" trunk. 

- 12 channels in the return direction of 
the "B" trunk. 

Obviously, there are no limiting factors 
here in relation to channel capacity. These 35 
channels would be delivered to the TV set by a set/ 
top or remote control converter. This type system 
would also fit into the previously determined hub
type concept. 

This configuration would also enable the 
activation of the alarm system from any subscribers 
dwelling within the city. Municipal access may be 
incorporated via the return feeders of cable "A" 
or via the return trunk of cable "B". 

Marketing of this system might also be a 
two-tier concept. Tier Ill offering up to 9 channels 
without converters at oneprice and Tier #2 offer
ing up to 35 channels utilizing the converter at an 
optional price. 
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