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ABSTRACT 

A 12 CHANNEL, 8.6 KILOMETER FIBER OPTIC SUPER TRUNK 

Installation of the titled Super Trunk, for Teleprompter of 
Lompoc, CA was completed on December 7, 1978 and announced 
during the meeting of the California Cable Television 
Association in Anaheim, CA. 

The installation process was begun on November 17, with the 
mounting of Repeater Housings on selected poles and energi­
zation of Repeaters and Terminal Equipment. This was 
followed by the installation of cable containing 3 optical 
fibers and subsequent splicing/connecting procedures. 

Fully described is the Optical System, it's measured 
performance, the installation experience and the systems 
reliability and maintenance history. 

Author: Sol Yager 
Director of Engineering 
CATV Systems 

Times Fiber Communications, 
Inc. 
358 Hall Avenue 
Wallingford, CT 06499 

Complete text is either printed in appendix B oc available 
uoon request from the authoc. 
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A CHARM SCHOOL FOR INSTALLERS AND TECHS'r 

WHO NEEDS IT! 

A Presentation To The National Cable Television Association 
By Sheldon B. Satin, Sheldon Satin Associates, Inc. 

A. Three reasons why your people don't need customer relations training. 

The first step in the development and implementation of any training 
program is the establishment of a need for it. 

The following are some of the objections that have been raised by 
those who are unfamiliar with the objectives and content of a cus­
tomer relations program for installers and service technicians. 

1. It's not our job! 

"Our job is making sure an installation is done correctly and 
that our customers continue to have good reception." 

"Let the salesmen and the people in the office worry about PR." 

In a service-oriented business what the customer thinks about the 
~is just as important as the quality of the service. 

It's critical that every contact with the customer is a positive 
one. 

Installers and technicians are in the front line when it comes to 
influencing a customer's attitude about the system. In many com­
munities they are the customer's only personal contact with the 
system. 

2. There's no time! 

"Customer relations is important, but we don't have enough time to 
adequately train our people to perform the technical part of their 
job." 
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Customer relations training doesn't require many hours of training 
if the program is well organized and structured properly. 

3. We do it already! 

"We believe that good customer relations is important, but there's 
no reason to set up a formal training program." 

"We always tell the men to be pleasant to customers and not to let 
the few bad apples out there get to them." 

Telling installers and service techs to be nice doesn't give them 
any information on how to be nice. Telling them not to let angry, 
difficult or dissatisfied customers bother them doesn't tell them 
what to do to diffuse these customers so that the reason for the 
problem can be found and resolved. 

B. Wha! are the objectives of a customer relations program? 

The overall objective of the program is to create a better climate be­
tween your system and your customers. 

This happens when training focuses on the following three areas: 

1. "Sensitize" installers and technicians to the human relations part 
of service to customers. 

2. Equip them with a clear explanation of company policies so they 
know what they can and can't do in dealing with customers. 

3. Give them specific responses to customers' questions and complaints. 

This will make the non-technical requirements of their job clearer to 
them so they in turn can be clear and helpful to customers. 

With the proper program, installers and service techs will be able to 
spot problems and pass the information on to the right place for action. 

Corrective activity in the early stages of customer dissatisfaction will 
minimize customer resentment which could result in either: 

a refusal to order additional service 
eventual disconnection 
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C. l'lhat are some of the topics in a customer relations program? 

Each system is different, but in general, these are the topics which 
most installers and techs talked about during their interviews: 

Professional attitude and image 
Doing the job right 
Listening to the customer 
Attitudes about customers 
Attitudes about the company 
Initial customer contacts 
Company policies 
Possible customer conflicts and how to avoid them 
Collecting money 
Retrieving company equipment 
Teaching customers to self-adjust controls 
Responding positively to customers' questions about your cable 
TV services 

D. !low should a customer relations program be developed and implemented? 

These are the main steps in setting up the program: 

1. Interview the installers and technicians to identify the types of 
customer and company-related situations they encounter. 

2. Review all customer-related policies and procedures relating to 
installation appointments and service calls. 

3. Prepare a training manual. 

We recommend organizing the information into 5 sessions with ques­
tions and answers at the end of each session. 

4. Prepare a discussion leaders guide. 

5. Select and train a discussion leader to conduct the workshop ses­
sions. 

6. Organize the workshop sessions. 

The workshops last from 1':2 to 2 hours. Reading the materials and 
answering the questions should last no longer than 45 minutes. 
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The remaining time is spent discussing the questions asked by 
the discussion leader and in role-playing. 

Limit each workshop to 10 participants and schedule them at the 
beginning of the day so that appointments can be scheduled im­
mediately following each session. 

7. Provide support materials such as policy cards, questionnaires, 
etc. and a certificate of award for every participant who com­
pletes the program. 

8. Provide incentives to reward their continued use of the techniques 
they've learned. 

Customer relations training is not a charm school. It is a means 
of providing your installers and technicians with the tools they 
need in their daily contact with customers. 

Providing these tools will yield many positive results: 

Your people will be happier in their johs because they will view 
the program as a sign that management cares <Jhcut them; you'l I 
have fewer customer related problems and complaints; and your 
productivity and efficiency levels will increase. It will be a 
better place to work for your staff, and greater profits for your 
system. 
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ABOUT SHELDON SATIN 

Sheldon Satin is president of Sheldon Satin Associates, Inc., a New York­
based management consulting firm speCializing in the area of industrial 
communications. 

In 1970 he founded Trockmorton/Satin Associates, Inc., a direct response 
advertising agency with clients in the fields of banking and publishing 
and various consumer products. 

He was executive vice president of the Electrographic Corporation fol­
lowing their acquisition of VPI, one of the largest companies engaged in 
the operation of film and videotape production facilities, editorial and 
optical houses, film laboratories and print distribution companies. Mr. 
Satin was president of VPI. 

He is a graduate of Oberlin College and Indiana University. 

ABOUT SHELDON SATIN ASSOCIATES, INC. 

Sheldon Satin Associates, Inc. is a management consulting firm engaged in 
a wide variety of activities for various industries. 

The firm has produced all of the national ·affiliate training programs for 
Home Box Office and the first Satellite Seminar for Teleprompter. 

Satin Associates has adapted the American Airlines' TACT program for the cable 
TV industry. TACT workshops train customer contact personnel to understand and 
to deal effectively with dissatisfied customers. 

Leading independent and multiple systems operators in the cable industry are 
clients of Satin Associates. Among them are American Television and Communi­
cations, Communications Properties, Inc., Cox Communications, Canadian Cable­
systems, Cablevision Systems on Long Island, Gill Cable, Rogers Cable in 
Toronto, Tele-Communications, Inc., Teleprompter, Times-Mirror, United Cable, 
Viacom Communications and Warner Qube. 

Other clients include the Mobil Corporation, The Lincoln Center for the Performing 
Arts, Modern Talking Pictures, The Television Corporation of Japan and Wells 
National Services, a division of American Hospital Supply. 
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A VERSATILE, LOW COST SYSTEM 
FOR IMPLEMENTING CATV AUXILIARY SERVICES 

Robert v.c. Dickinson 

E-Com Corporation 
Stirling, New Jersey 

ABSTRACT 

A versatile, low cost system for imple­
menting CATV auxiliary services is pre­
sented which focuses upon a basic unit 
operating over two-way coaxial networks. 
A wide variety of services can be imple­
mented with the basic hardware. In addi­
tion, this unit can be extended to imple­
ment more complex functions in a modular 
manner requiring the cost increase only 
at the specific locations where the more 
complicated task is undertaken. This 
type of system lends itself to many areas 
such as security, energy management, 
traffic control, industrial data gather­
ing and process control, CATV system 
status monitoring and spectrum analysis, 
hotel security and room services, low 
and medium speed data communications, 
addressable taps, premium CATV control, 
remote switching of all kinds and a host 
of others. 

INTRODUCTION 

The past several years have brought many 
new non-entertainment services into the 
field of CATV and RF coaxial communica­
tions. The concept of thewired nation 
is slowly and systematically developing 
based upon those auxiliary services 
carried on the cable which in themselves 
offer economic viability. 

There has been a great deal of progress 
in data communications on coaxial 
systems. In various cities and certain 
industrial plants hundreds of point to 
point data circuits are in operation 
linking computer to computer, computer 
to peripherals, etc. These services 
usually involve continuous high volume 
transmissibns of data and operate at 
data rates from 100 to over 1 million 
bits per second. These services are 
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implemented over coaxial links which 
typically involve CATV transmission 
components. Modems capable of synchron­
ous or asynchronous operation have been 
developed. These modems provide fair 
to good spectral efficiencies and can 
be characterized by excellent performance 
and moderate to high unit prices. 

As these high volume services have ex­
panded there remains a need for systems 
and hardware to do the "simple tasks" 
which do not, in themselves, warrant 
the assignment of costly hardware. 
These "simple tasks" are typically: 
servicing security systems where one 
need only know the status of a security 
zone which changes occasionally; the 
necessity to command a remote function 
such as opening a door, turning on a 
light, switching on an air conditioner, 
etc. These "simple tasks" exist in 
security, system control, CATV premium 
services, energy management, hotel 
management, industrial process control, 
and a host of others. 

We have, in the past few years, seen 
the development of specialized CATV 
hardware to implement some of these 
"simple tasks", i.e., security, traffic 
light control, and audio intercoms. 
Little, however, has been done in terms 
of universal hardware which can be 
applied in a transparent fashion over a 
wide spectrum of services. 

This paper describes the TRU Coaxial 
Communications System. This equipment 
has been designed as a universal, digital, 
receive and transmit modem, operating 
within the traditional CATV spectrum. 
The TRU System can be applied to the full 
spectrum of "simple tasks" and is 
readily expandable to more complex 
functions requiring intelligent terminal 
behavior. 



TRU SYSTEM 

The TRU System is designed to operate 
on a two-way coaxial network. Operation 
in the receive-only mode in one-way 
systems is possible at the expense of 
certain of the system features. The 
TRU System is organized with a central 
controller and any number of remote units 
(TRU-100) up to the addressing capacity 
of the system (over four thousand). It 
is a polled system in that the control 
unit addresses each remote in a predeter­
mined sequence, passing data to the re­
mote and eliciting a response. The 
remote terminal's response to the poll 
indicates its presence and can be 
accompanied by data to the central 
controller. Figure 1 is a photograph 
of the TRU-100 remote unit. 

Figure 1 - TRU-100 REMOTE UNIT 

The TRU System utilizes radio frequency 
transmission on the coax and therefore 
every TRU-100 unit contains an RF re­
ceiver and transmitter. Both transmitter 
and receiver sections are crystal 
controlled and utilize frequency shift 
modulation. The occupied bandwidth is 
250 kHz in each direction (upstream 
and downstream). Both transmitter and 
receiver are simple in design but 
effective in operation and highly 
reliable. Figure 2 is a block diagram 
of the TRU-100. 
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The data portion of the TRU-100 is or­
ganized around a low power microprocessor 
which handles the addressing and data 
handling and is available for expanded 
tasks which will be discussed later. 
The TRU-100 has a number of powering 
options. Since, in many applications, 
it is not desirable to have AC line 
voltages within the unit the TRU-100 is 
designed to operate on low voltage, ex­
ternal AC or DC (12 volts), or 30 or 60 
volts cable power. In addition, a bat­
tery back-up option is available, allow­
ing approximately 2 hours of operation on 
rechargeable Nicad batteries. These bat­
teries are under constant trickle charge 
when the unit is normally powered. 

The TRU System operates on a polled basis 
under control of the user's computer or 
a stand-alone, microprocessor-based, 
TRU controller. The master modem is 
simply a TRU-100 remote unit with the 
transmit and receive frequencies inter­
changed or translated so that the master 
transmitter will be on the same frequency 
as the remote receivers and vice versa. 
This variation is called the TRU-200. 
In operation all remote units listen 
continually on the same frequency. Each 
unit receives all messages and searches 
for its unique address. Figure 3 depicts 
a typical TRU System. 

The data trans mission both to and from 
the remote units utilize the same speed 
and general format. The data rate is 
38,400 bits per second (38.4 kBs) in 
a standard 11 bit asynchronous character 
format. The 11 bits include a START 
bit, 8 data bits, a parity bit, and a 
STOP bit. Each transmission includes 
a initialization byte (a byte is one 
11 bit asynchronous character), a control 
byte, one or two address bytes, and 
optional message bytes. The system is 
capable of addressing over 4,000 units 
using 12 binary bits which require 2 
address bytes. A system of 250 units 
or less needs only 8 bits for addressing 
and therefore utilizes only one address 
byte. 

The control byte has numerous house­
keeping functions including specifying 
the number of data bytes in a given 
transmission. In some cases it is only 
desirable to know that a remote unit 
is there and functioning. In this case 
data messages, downstream or upstream, 
are not necessary and no data bytes 
are transmitte d in either direction. 
In the more common application, a number 
of message bits are transmitted down­
stream along with each poll and a speci f ­
ic number of status bits are returned 
with each remote unit response. 
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The TRU-100 remote unit is organized 
to receive 8 bits of data on each 
downstream poll. These are presented 
as 8 saturated transistor outputs, with 
high voltage protection, on a terminal 
strip within each unit. The TRU-100 
receives one additional bit of informa­
tion on each poll which is utilized to 
open or close an RF switch that is 
contained within the unit. This RF 
switch can be arranged to switch the 
entire cable system downstream spectrum, 
as would be required to turn a CATV 
drop on or off. It may also be confi­
gured to switch a local RF source, such 
as a modulator for a camera, thereby 
allowing central command of local RF 
functions. 

Every time a TRU-100 remote receives a 
poll it immediately responds. The normal 
response can include the entire address 
or a portion of the same at the system 
operator's discretion. This response 
verifies that the unit in question is 
active and has received a valid address 
and has responded to it. The TRU-100 
at this time can return 8 bits of status 
information. These 8 bits are presented 
to the TRU-100 as either switch closures 
or logic level signals at 8 additional 
points on the terminal strip. 

It can be seen that both the downstream 
and upstream information can readily 
be applied to all sorts of services. 
Security zones can be sensed as well as 
thermostat closures, panic button 
actuations, and status indications of 
all kinds. The downstream information 
can also be used in many ways. Blowers, 
compressors, air conditioners, etc. can 
be controlled for energy management; 
door strikes can be actuated for security; 
camera controls can be implemented; and 
various functions can be activated in 
process control systems; to mention but 
a few. 

In summary, the basic TRU-100 can be em­
ployed in systems as large as several 
thousand units. The entire system 
occupies only one 250 kHz channel in 
the upstream direction and one in the 
downstream direction. Eight bits of 
data can be supplied on every poll 
plus control of a local RF switch, and 
8 bits can be returned on every response. 
Polling of all units in a system of 
250 can be achieved several times every 
second. All units in a system of 
4,000 units can be accessed once in 
approximately 6 seconds. It can be seen 
that the basic TRU System can be widely 
applied and provide a low cost means 
of implementing many, many status and 
control functions where communications 
on a coaxial system are available. 
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EXPANSION 

There is a large additional area which 
has been addressed in the TRU. In many 
systems, requirements arise which will 
not fit conveniently within the basic 
"8 bits down, 8 bits back" format. As 
an example consider complete control of 
a surveillance camera. In this case 
pan, tilt, zoom, and iris control need 
to be implemented with two functions 
each (up/down, left/right, etc.) plus 
high and low speed. There are often 
other camera controls such as power, 
windshield washer and wiper, heater, 
cooler, etc. It is also desirable, 
in certain applications, to have preset 
options available and to provide common 
sync for the cameras. It is obvious 
that there are many more functions 
here than can be handled with the 8 
control bits available on the basic 
TRU-100. 

The design of the TRU-100 is such that 
the microprocessor system buss and 
control lines are available for this even­
tuality, on a printed circuit connector 
conveniently located at one end of the 
unit. When a particularly complex task 
is required, a TRU extender (TRX) is 
constructed which includes the hardware 
necessary to do the task. In the case 
of elaborate camera controls, this 
hardware includes some electronic 
circuitry and a number of relays to 
switch the relatively high voltages and 
currents needed by the various camera 
and mount functions. This module inter­
faces with the TRU-100 processor buss 
and also contains the program to direct 
the special functions provided by the 
module. In this case, the downstream 
data required to control the camera 
might well employ three or four 8 bit 
data words on each downstream poll. 
As mentioned before, the basic system 
protocol is capable of expansion to the 
required number of data bytes necessary 
for each individual remote unit (the 
8 bits down and back are still available 
for other uses such as security zones 
door strikes, energy management, etc.). 
The TRU-100 remote unit is capable of 
accepting up to 14 modules which may 
be individually or collectively addressed. 

The advantages of the TRU System organiza­
tion described above are numerous. 

1) The basic system is low cost, 
which allows deployment for simple 
tasks while retaining economic 
viability. When more complex tasks 
are implemented with plug-in modules, 
these modules need only be installed 
at those locations where the parti­
cular functions are required. In 



this way the economics of function 
expansion are excellent as there is 
no need for the whole system to be 
upgraded. 

2) All TRU-100 remote units (exclud­
ing plug-ins) in a system are identi­
cal with the exception of the speci­
fic addresses which are set in at 
the time of installation. This 
means that logistically there is no 
difference between remote units. 
One spare TRU-100 carried by a 
service man can be used to replace 
any unit in the field. 

3) The loading of the data stream by 
the more complex tasks with greater 
transmission requirements again is 
not system wide, but only to the 
extent necessary to service the 
specific extra capability modules, 
and only at those specific times 
when extra data is necessary. 

4) Additional units can be added to 
the system at will. It is simply a 
matter of installing a proper cable 
drop and adding the additional address 
to the polling index and setting it 
into the TRU-100 remote. 

5) The system is self-testing since 
the system controller is immediately 
alerted to the fact that there is 
trouble when either no answer or an 
improper answer is received to a poll. 
In this manner diagnostics of system 
problems such as broken cables, 
amplifier outages, and the like can 
be done from the central control 
point and lead to rapid identifica­
tion, location, and correction. 

TYPICAL APPLICATIONS 

The following are brief descriptions of 
typical applications and installations 
of the TRU System. These are not 
complete in every detail but do serve 
to illustrate the various applications 
and implementations using the TRU 
equipment. 

Residential Security Carried on Enter­
tainment CATV Network 

This is a typical situation in which a 
CATV operator wishes to develop a 
source of additional revenue. Generally 
a security service is contracted to 
respond to alarms, while the CATV 
operator is responsible for the trans­
mission equipment and system main­
tenance. 
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Let us assume that it is desired to pro­
vide intrusion security, smoke detection, 
medical alarm, panic alarm, and power 
outage sensing. Let us also assume 
a requirement to control residential 
outside lights and siren or bell alarms 
from the central station. All of these 
services are to be offered to the custom­
ers on the system, but can be individually 
accepted or rejected. Regardless of 
the number of services selected, each 
customer is supplied with a TRU-100 
remote terminal. This is mounted in 
an inconspicuous space within the resi­
dence. Each TRU-100 can handle up to 
8 separate commands downstream and return 
8 separate bits of status information 
upstream. In the case of intrusion pro­
tection, the residence is wired with nor­
mal sensors, such as window and door 
switches, tapes, sonic, infrared, or 
microwave motion detectors, and the like. 
If simple loops are employed, no security 
junction box is needed, reducing the 
cost of the sensor installation. All 
circuits terminate at the TRU-100. It 
may be desirable (or more convenient) 
to assign separate bit inputs on the 
TRU-100 to separate zones of the resi­
dence, or separate sensors, such as mo­
tion detectors. Any arbitrary assign­
ment is acceptable as long as correlating 
information is given to the controlling 
computer at the central station. Medical 
and panic alarms are handled in the same 
manner by utilizing separate bit inputs 
on the TRU-100. Power outage sensing 
is automatically provided through control 
information in the TRU data stream (in 
addition to the 8 bits under discussion). 
If local power goes off, the TRU-100 
will continue to function for approximate­
ly 2 hours on its internal batteries, 
however, an alarm will immediately be 
given and service personnel can be dis­
patched. 

Since downstream control is possible 
there are many deterrent measures which 
can be instituted by the central station 
operator. It may be desirable to delay 
lights and alarms after violation of 
a security zone and put them under the 
control of the central station operator. 
Interfacing to these services from the 
TRU-100 can be handled directly if low 
voltage DC control circuits are avail­
able. In the case where higher power 
must be controlled, an external 
relay is required whose control winding 
is connected to a power supply and to 
the TRU-100 (power relays are available 
in modules such as the TRX-403). Figure 
4 gives a schematic representation of 
a typical residential installation. 
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Figure 4 - TYPICAL TRU/CATV RESIDENTIAL APPLICATION 

The TRU system employs a master modem 
(TRU-200) which is connected to an 
intelligent controller, programmed 
for the functions required. The control 
system is often available at the local 
security central station so that only 
a TRU interface module is required to 
connect the TRU-200 to the security 
controller. In stand-alone systems a 
series of special TRU controllers are 
available. 

In any of these systems the controller 
(or special interface unit) initiates 
the polling of the remotes. The con­
troller stores the normal status of 
each control bit and alarms changes 
and reads out pertinent information of 
the location, owner's name, response 
instructions, and the like. 

It can be seen that even with a rather 
elaborate security installation the 
TRU-100 (8 bits down, 8 bits back) 
provides enough information for complete 
monitoring and control with some 
capability left over. In addition, the 
RF switch in the TRU-100 allows the 
cable operator to control the TV service 
either in a connect/disconnect fashion 
or, by switching of traps or descramblers, 
for pay TV or similar services. Any 
unused data is available for other 
services. In many areas the local 
power companies are doing residential 
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load shedding in high demand periods 
by shutting off air conditioners, water 
heaters, etc. for short periods of time, 
as required for load reduction. 
Transmission of the monitoring and 
control functions for such services 
can be provided by the CATV operator 
through the TRU-100 and interfaced 
with the electrical devices through 
power company supplied relays or control 
devices. 

Commercial Building - Security and 
Energy Management 

Numerous systems exist for security 
and energy management in commercial 
buildings. They are generally based 
upon installation of twisted pair 
cables from the central location in 
the building to each area where control 
is desired. A prime advantage of using 
the TRU System is greatly reduced wiring 
cost since the entire building can be 
served on a single coaxial cable using 
CATV drop techniques. The cost of 
installation is considerably less than 
the equivalent twisted pair installation. 
In small and medium size buildings 
repeater amplifiers are unnec~ssa7y .. 
In larger buildings, indoor dlstrlbutlon 
amplifiers with two-way options may be 
required. Wherever control is necessary, 
a standard directional tap is installed 
to provide the drop with proper signal 
levels. 



One TRU-100 remote unit can service a 
total of 8 signals coming from security 
or energy management sensors. With 
this capacity several rooms may be 
served with one TRU-100. The security 
zones and energy management sensors 
(thermal switches, etc.) are connected 
to their appropriate bit inputs on the 
TRU-100. Energy management controls 
(usually relays) controlling fans, air 
conditioners, heaters, etc. are connected 
to the downstream terminal strip on the 
TRU-100. The control bits in most 
cases are programmed as latching func­
tions but momentary operation with 
selectable duration is also available. 
Latched functions allow a device to be 
turned "on" and not serviced again until 
it is required to be turned "off". Since 
polling is quite rapid in comparison 
to the length of the device control 
cycle, the main controller can be 
programmed to repeat the command at 
intervals, as a confirmation of the 
command. This is easily accomplished 
in the normal polling routine of the 
controller. 

~ system in a commercial building is 
similar to the residential system al­
though it might be considered to be a 
private CATV network. There is no need 

SURVEILLANCE CAMERA 

CAMERA CONTROLLER 
CONTROLLER 

TRU-200 
INTERFACE 

TRU-200 

to connect to "the outside world" since 
all of the functions and control decisions 
are made within the building or building 
complex. The same TRU System can be 
extended to entrance and roof door 
security, smoke and fire sensors, and 
a multitude of other tasks. 

When this system is installed it is 
obvious that the wide bandwidth of the 
coax is available to handle other serv­
ices. Many security cameras can be 
distributed throughout the building 
and returned on separate RF channels 
to the monitoring location. In a case 
where the amount of spectrum available 
for surveillance cameras is limited, 
it might be desirable to assign several 
cameras to one RF channel. In this case 
the TRU-100 RF switch feature can be 
used to gate only one camera at a time. 
This reduces the number of video 
channels required on the cable system and 
eliminates the need for a sequential 
switcher at the monitor point. TV 
can also be distributed and sold to 
occupants of office suites. Audio 
channels can be carried and, as a matter 
of fact, the TRU System can be used as 
an intercom controller. Figure 5 
illustrates a commercial building 
TRU System. 

COMMERCIAL BUILDING 

DEMODULATOR 

Figure 5 - TYPICAL TRU COMMERCIAL APPLICATION 
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Industrial Monitoring and Control System 

More and more industrial users are 
employing coaxial communications net­
works. These have been dubbed "broad­
band systems" and are now the subject 
of possible standardization by the EIA. 
The advantages of broadband are: lower 
cost of wiring, immunity to noise, 
resistance to severe environments, 
and extremely large information cap­
acities, all of which are most attractive 
to industrial users. 

Many industrial processes utilize 
computer control. In present systems 
there are a number of limitations 
imposed by utilization of twisted 
pairs to interconnect sensors and pro­
cessing equipment. In many cases mini­
computers must be placed in undesirable 
plant environments to reduce the twisted 
pair cabling connecting to the sensors. 
Employment of the TRU System allows 
location of the TRU-100 remote units 
in the sensor areas but removal of the 
processing computers to office environ­
ments. 

There are other advantages of employing 
the TRU System. In many cases ON/OFF 
monitoring is all that is required 
along with ON/OFF commands. In these 
instances the basic TRU-100 can supply 
8 separate downstream commands and 
receive 8 separate upstream status 
signals, all of which can be serviced 
on each poll. In many applications, 
however, there are more complex require­
ments. There is often a need to trans­
mit analog information. This is accom­
plished in the TRU System by addition of 
TRX modules with A/D and/or D/A 
converters which allows digital carriage 
and processing of the analog signals. 
Several versions of these modules give 
a choice to the system designer. 
A/D conversion is available in 8, 12, 
or 16 bit resolutions. Commutation 
switches with 4, 8 or 16 ports are also 
available to allow the collection or 
dissemination of data from more than 
one sensor or transducer at a given 
TRU remote location. Note that only 
those locations in a system requiring 
the special functions need to be out­
fitted. This means that the cost of 
the system is only increased at those 
locations where increased capability 
is required. 
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There are still other extensions of the 
TRU-100 for industrial applications. 
Since the data processing in the TRU-100 
is accomplished by a microprocessor 
this computing power is available t~ 
any auxiliary function. In a special 
application it might be required that 
data be taken locally at a relatively 
high rate, reduced or processed to 
obtain peak values, averages, minimums, 
etc. and the result of these computations 
transmitted to the central point when ' 
the unit is polled. In a case like this 
the firmware necessary to implement the 
data processing is supplied in the special 
TRX module. In these cases the TRU-100 
has become a very intelligent data 
gathering and processing terminal. The 
TRX-501 module allows interfacing of 
low and medium speed asynchronous 
terminals to the system. By use of 
the TRX-SOl,any terminal in the system 
can communicate with another on an 
apparent point-to-point basis. The 
scope of applications for these tech­
niques is limited only by the system 
designer's imagination. 

Other Applications 

It can be seen by the three specific 
applications above that the TRU-100 
system can be applied throughout a large 
area of command and/or monitoring 
applications. Hospital systems can 
employ the TRU for nurse call, intercom, 
data transmission, control and monitor­
ing o~ medical electronic devices, 
securlty, energy management and many 
other things. Traffic and traffic light 
control is another obvious application 
of the TRU System. 

Status monitoring and control in CATV 
systems is also quite attractive. Simple 
cable amplifier operating functions such 
as power and AGC monitoring can be 
done with the standard TRU, leaving 
additional inputs and outputs for 
feeder and tap switching, etc. More 
complicated functions such as remote 
summation sweeping or spectrum analysis 
can be accomplished with plug-in 
TRX units. Microwave system monitoring 
and control can also be implemented. The 
list goes on and on. 

In summary, the TRU System is an extremely 
versatile command and monitoring system 
capable of expansion to more complicated 
functions, making use of the ubiquitous 
coaxial communications network. 



A WIDEBAND DATA TRANSMISSION LINK UTILIZING EXISTING CATV AND MICROWAVE FACILITIES 

Edward J. Callahan, Jr. 
American Television and Communications Corp. 
Englewood, Colorado 

ABSTRACT 

An experimental wideband data communications 
network has been installed at IBM's Systems 
Communications Division facility at Research 
Triangle Park (RTP), N.C. The network connects 
display terminals and other devices with a 
central computing facility. The network is a 
dual cable, full duplex, 5-30 MHz and 50-300 
MHz system. 

Connection of terminals to two other IBM 
locations in Raleigh, N.C., about 22 land miles 
from RTP, is also provided. These signals are 
transmitted from RTP to American Television and 
Communications' (ATC) microwave tower in Durham, 
via ATC's Durham cable system. 

Then the signals are carried by a one-hop ATC 
common carrier microwave system to ATC's Raleigh 
tower. And then, via ATC's Raleigh cable 
system, the signals are carried to the IBM 
Raleigh facilities. 

INTRODUCTION 

In late 1976, IBM approached ATC about a data 
transmission requirement between IBM facilities 
at RTP and their facilities at Raleigh. 

Because of the nature of the modulation used, a 
requirement for the communications service was 
the IBM signals could not be demodulated and 
remodulated. Instead, the nature of the signals 
suggested the spectrum occupied by them should 
simply be translated up and down in frequency, 
as might be required at any of the interface 
points between segments of the proposed network. 
This requirement would obviously be easier to 
accomplish if the number of interface points 
were kept to a minimum. 

The experimental in-plant cable system and the 
microwave link described here were installed as 
part of an IBM Advanced Communications Technology 
program at RTP. The primary purpose of the 
installation was to gain experience in the 
transmission of data over CATV and microwave 
networks. 
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Another major objective was to uncover related 
practical problems, such as specifying the 
electrical parameters of such networks, pro­
curing vendor services for system design, and 
coordinating vendor installation of CATV cable 
in laboratory, office and manufacturing 
environments. 

Also, network performance measuring techniques 
had to be devised and routine preventive main­
tenance procedures established. The application 
chosen to be implemented on the cable system 
was the connection of display terminals to a 
central computing facility. At present, about 
500 such terminals are distributed throughout 
the approximate two million square feet of 
building space at the IBM RTP complex. 

At this time, ATC was already operating a 
CATV system in Raleigh, and ATC's Microwave 
Mid-Atlantic System was operating common 
carrier facilities between Durham and Raleigh, 
and was preparing to start construction of the 
Durham CATV system. 

Several methods of establishing the proposed 
network were discussed. The one finally 
chosen used the CATV systems at both ends of 
a one-hop microwave system (Fig. 1). This, 
however, required interfaces to be designed 
for both ends of each CATV segment of the 
system. 

The result was four separate interfaces. This 
alternative added two additional interface 
points compared, for instance, to an all­
microwave approach. But the consensus was 
that this was a fair trade-off for the experi­
ence we hoped to gain. 

MICROWAVE CATV J_,--t, 
i78MJJRTP t/) !CATV -~-~ 

'""~M <NB'" ~ "M &>< 

IBM-629 

FIG. 1 RTP TO RALEIGH DATA NETWORK 

There were several more discussions with IBM 
about end-to-end signal transmissions require­
ments. Then Farinon Video and the CATEL divi­
sion of United Scientific Corp. were contacted 



about hardware requirements. Both vendors 
wanted to participate in the project. Subse­
quent technical meetings were held among the 
participants, to determine interface param­
eters, system operating levels, and other 
system requirements. 

For instance, IBM requested that two high-rate 
1.2 M b/s data signals 3 MHz apart should be 
centered in a 6 MHz channel and should be 
carried at equal amplitudes throughout the 
network. This meant the signals would have to 
interface with the microwave radios at baseband 
rather than at 70 MHz IF. The nature of FM 
signal processing dictated this. 

If an attempt was·made to interface two equal 
amplitude carriers at IF, the FM limiting 
action in the IF amplifier would cause intol­
erable IM products to occur. However, with a 
baseband interface, both signals would be 
accepted as baseband modulation. However, the 
total power loading on the radio should be no 
greater than would be the case with l volt 
peak-to-peak of video measured at 75 ohms. 

Then IBM requested two more signals be carried 
through the network. The first was a 230.4 
K b/s full-duplex data-service signal. The 
second was a tone-activated loop-back test 
system, to aid in fault location throughout the 
network. It was decided to carry these addi­
tional signals as subcarriers. Therefore 
the equivalent power loadings on the radios 

l'fl'l' ;;,_ ~ 

'1\1 ·~! ' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I -,.-.-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

61 

were re-adjusted accordingly. 

Close cooperation by everyone resulted in 
prototype interface hardware being quickly 
developed. The initial bench testing of the 
IBM modems through the CATEL interface equip­
ment provided satisfactory results. And thus 
the final system hardware was fabricated. 

The field installations of the cable segments 
and associated interface equipment were done 
in parallel with the installation of the 
Farinon microwave radio equipment. The only 
change required in the Farinon equipment was 
to replace the 5 MHz baseband filter with an 
8 MHz baseband filter. The standard video pre­
emphasis and de-emphasis networks were used to 
maintain an acceptable Signal-to-Noise Ratio 
(SNR} end-to-end. 

DATA NETWORK AND INTERFACES EXPLAINED 

To better visualize the end-to-end wideband 
service provided by the network, please refer 
to Fig. 2. Starting at the RTP end, the IBM 
data carriers are injected directly into the 
end of the cable at 16.5 MHz and 19.5 MHz at 
the proper level. 

The 230.4 K b/s data is impressed on the cable 
by the transmitter portion of the 230.4 K b/s 
modem at a frequency of 7.1 MHz. Additionally, 
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FSK data is impressed on the cable at 7.7 MHz to 
activate tone-controlled switches at the remote 
interface points, to perform loop-back tests. 

The signals are carried via ATC's Durham CATV 
system in a subsplit configuration to the Durham 
microwave tower site. At this point, the 16.5 
MHz and the 19.5 MHz signals are block con­
verted to 2 MHz and 5 MHz, respectively, band­
pass filtered, and presented to the baseband 
input of the microwave transmitter. The 7. l MHz 
and 7.7 MHz carriers are low-pass filtered and 
combined with the 2 MHz and 5 MHz carriers at 
the baseband input to the transmitter. The 7.7 
MHz carrier also feeds a tone decoder and 
switch, to perform a loop-back test between 
the microwave transmitter 70 MHz IF output and 
the microwave receiver 70 MHz IF input. 

At the Raleigh tower site, the 2, 5, 7.1, and 
7.7 MHz carriers are block converted to 160.5, 
163.5, 165.6, and 166.2 MHz, respectively, and 
are transmitted via ATC's Raleigh CATV system 
to two IBM locations in Raleigh. Again, as was 
the case at the Durham tower site, the 7.7 MHz 
carrier also feeds a tone-operated switch, to 
effect a loop-back test from the microwave 
receiver IF output to the microwave transmitter 
IF input. 

At both of the IBM locations in Raleigh, the 
160.5 MHz and 163.5 MHz signals are introduced 
directly into the in-plant IBM coaxial network. 
The 165.6 MHz signal is demodulated by the 
230.4 K b/s modem which provides baseband data 
output. The 166.2 MHz signal activates a 
switch which provides a contact-closure signal 
to IBM for testing purposes. 

The transmission from the two Raleigh locations 
back to RTP is accomplished in a manner which 
is an almost exact "mirror-image" of the RTP-to­
Raleigh path. However, no loop-back testing is 
needed. Therefore, no 7.7 MHz carrier or tone­
activated switches are required in the Raleigh­
to-RTP path. 

The end-to-end link was tested to the specifica­
tions in Table l, which are the specifications 
for IBM's in-plant network. Additionally, the 
link had to meet an end-to-end frequency offset 

of no more than+ 10 KHz. Link tests showed 
these specificatTons to be met. 

The concept of terminal connections through a 
wideband coaxial channel is illustrated in 
Fig. 3. Although a dual cable representation 
is shown, the technique is also applicable to 
a single cable system using, for example, a 
mid-split frequency arrangement. The individual 
data channels on the cable are separated by 
Frequency Division Multiplex (FDM) techniques 
using selective RF digital modems. 

Thus the Local Control Unit attached to Computer 
l transmits on carrier frequency fa to its 
associated Remote Control Unit whose RF modem 
receives on frequency fa· The reverse path data 
stream is on carrier frequency fb. The 
terminals associated with Computer 2 operate on 
carrier frequencies fc and fd. They can there­
fore operate simultaneously with the terminals 
associated with Computer l over the same cables. 

COMPUTER 

NO. I 

COMPUTER 

NO.2 

MODIFIED 

2 32 

MODIFIED 
CONTROL 

UNIT 

MODIFIED 
CONTROL 

UNIT 

2 32 

Fig. 3 Terminal Connec1ions via FDM Techniques 

Table I. In-plant Cable System Specifications 

System impedance 

Modem transmit 
carrier level 

Modem receive level 

Modem carrier (rms)/ 
rms noise 

Echos relative 
to signal 

75 ohms 

+50dBmV + 2 dB 

+lOdBmV + 10 dB 

40 dB over 3 MHz 

-40 dB 
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Cross and inter­
modulation full 
channel loading 

Channel flatness 

Radiation 

-40 dB 

l dB peak to valley 
within+ 1.5 MHz of 
center frequency 

Meets all U.S. and 
foreign standards 



Each modem in the system occupies a channel 
3 MHz wide. Use of these modems provides a 
theoretical maximum of approximately 88 channels 
over the dual-cable system, based on present 
CATV technology. 

In order to implement the experimental system, 
some IBM terminal control units required modi­
fication. In addition, an RF, asynchronous, 
1.2 M b/s modem was vendor-procured. Neither 
the control units nor the modems are available 
from IBM. 

IN-PLANT CABLE SYSTEM 

A dual-cable system, with 5-30 MHz and 50-300 
MHz bandwidths in each direction, was chosen 
to be implemented. A vendor design was 
obtained for a complete network covering four 
of the major buildings at RTP and two locations 
in Raleigh. The initial precursor system as 
installed was a subset of the ultimate­
coverage system, to allow orderly system 
expansion. 

The site plan of IBM at RTP (Fig. 4) shows 
the main truck cabling and a portion of the 
link which eventually connects to the Raleigh 
location via the microwave link. The total 
cable length of the in-plant trunk system 
is about 22,000'. 

203 

COMPUTER 
CENTER 

305 

-- INPLANT COAXIAL TRUNK 

---- LINK TO AT C TOWER 

Fig 4 R T P Coaxial Trunk System 
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The initial system requirements could have 
been met with a single cable, mid-split. 
However, because of the experimental nature 
of the technology program, it was decided to 
use dual cables. This provides the maximum 
bandwidth to accommodate {possible) future 
applications. 

A typical portion of the cable distribution 
system within a building is shown in Fig. 5. 

Standard CATV components are used throughout 
and the cable is the same as the trunk cable. 
Only the outbound network from the central 
computer has been shown. The parallel inbound 
cable system differs only in the direction of 
the amplifiers. Components used as splitters 
in the outbound network function as combiners 
in the inbound network. 

i 
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40FT. CENTERS . 

.. 16db OIR. COUPLERS. 

0 SPLITTERS 

+AMPLIFIER 

NOTE: 

INBOUND TRUNK IS 

IDENTICAL EXCEPT 

AMPLIFIERS ARE REVERSED. 

Fig. 5 lnplonl Coaxial Distribution Network 

The electrical specifications for the in-plant 
cable system, which also apply to the cable­
microwave link, have already been shown in 
Table l. These specifications were dictated 
primarily by the characteristics of the RF 
modem. Final system tests showed that these 
specifications were met. 



SUMMARY 

Both the in-plant and the microwave systems have 
been used in actual, not simulated, work environ­
ments for the past six months. Experience shows 
that these systems provide useful, reliable 
media for data transmission. However, there 
are basic differences between the home enter­
tainment and the business environments which 
cannot be ignored. 

Data applications usually require very high 
system reliability and availability. The 
first requirement implies the use of very high 
quality system components and meticulous con­
struction practices. The second may require 
special system/maintenance agreements. 

The growing use of data processing equipment 
implies a corresponding increase in the volume 
of data transmitted. Properly applied, the 
CATV and microwave technologies can be an 
important factor in this future business 
opportunity. 
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AN INTERCITY COAXIAL CABLE ELECTRONIC HIGHWAY 

WILLIAM E. EVANS, JEFFREY C. ROHNE 

MANITOBA TELEPHONE SYSTEM 

ABSTRACT 

Early in 1978 the Manitoba Telephone System 
announced its intention to proceed with the con­
struction of a bi-directional coaxial cable inter­
city transmission network for the initial purpose 
of delivering television and FM broadcast signals 
to newly 1 icensed CATV operators in more than 
twenty communities throughout southern Manitoba. 
This facility would provide a multi-purpose, user­
shared "electronic highway" for the transmission 
of television, radio, data and new broadband tele­
communications services. 

The first 28 mile trunk was activated in 
February 1978 with the mator 145 mile system from 
Winnipeg to Brandon placed in service on Septem­
ber 29. Performance test results using both 
frequency domain and baseband measurement tech­
niques are presented along with operational ex­
periences. 

INTRODUCTION 

In September of 1978 the Manitoba Telephone 
System (M.T.S.), placed in service a 171 mile 
broadband, bi-directional, coaxial cable trans­
mission system I inking Winnipeg, the province's 
capital and largest city, with Brandon, Manitoba' 
second largest city and three other major rural 
communities. This broadband "Electronic Highway" 
was designed for the transmission of CATV signals 
and various other broadcasting and telecommunica­
tions services to smaller rural cities and towns 
in southern Manitoba. The major initial users of 
the system, which is called the Intercity Broad­
band Network (ICBN), are newly-1 icensed CATV 
operators in the rural communities who are pre­
sently receiving U.S. network television and 
Winnipeg stereo FM signals via the ICBN for local 
distribution on coaxial cable within their commu­
nities. 
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The capital cost of the ICBN highway is 
competitive with that of microwave radio for 
delivery of U.S. network CATV signals alone, 
with significant additional bandwidth being 
available for bi-directional transmission of 
telephony and other communications services. 

A number of non-CATV services have already 
been transported on the highway with additional 
broadcasting and telecommunications services 
projected in the near future. 

Extension of the present network to more 
than twenty additional communities in southern 
Manitoba is planned. 

SYSTEM DESCRIPTION 

At present the ICBN consists of two sepa­
rate routes (Figure 1), a 26 mile, 23 amplifier 
system between Winnipeg and Selkirk, which has 
been operating for over one year, and a 145 mile 
western "highway" to Brandon which uses 122 cas­
caded amplifiers. 

While standard CATV trunk systems normally 
are limited to approximately 30 miles by the 
buildup of noise and distortion from cascaded 
amp! i fiers, the ICBN employs a new "super! inear" 
amplifier to permit very good transmission over 
several hundred miles. The new amplifier, deve­
loped by Century Ill Electronics Inc., of Van­
couver British Columbia, in response to M.T.S. 
specifications, utilizes the "feed-forward" tech­
nique for noise and disto,·tion reduction. 

The spectrum of the present system, shown 
in Figure 2, utilizes a "forward" transmission 
band of 50 to 108 MHz with "return" transmission 
occupying a band from 5 to 30 MHz. This spectrum 
plan permits forward transmission of up to 8 stan­
dard 6 MHz. television channels with return band­
width equivalent to 4 such channels. Dual pilot 
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carriers are employed in the forward transmission 
direction for automatic gain and slope control, 
with a single pilot Bode equalization system 
being used in the reverse direction. 

Amplifier stations are generally spaced at 
6300 feet with the coaxial cable being direct 
buried at a nominal depth of 40 inches. The soil 
conditions and terrain in Manitoba allow plough­
ing of cables at very favourable costs. Inter­
mediate splices are located in special splice 
pedestals above ground such that future upgrade 
of the system can be made to higher operating 
frequencies and greater bandwidth capacity. For 
example, transmission up to 220 or even 300 MHz 
would be permissable by coverting all existing 
amp] ifiers to 300 MHz units and adding additional 
300 MHz stations at the intermediate splice pede­
stals. While system noise and distortion perfor­
mance would be degraded somewhat by the addi­
tional amplifiers, the additional bandwidth 
available for transmission would be substantial 
(as many as 35 standard 6 MHz television chan­
nels in the forward direction) and use of fre­
quency modulation transmission techniques could 
be implemented to more than overcome the loss in 
transmission performance. 

The superl inear amplifiers were designed to 
provide certain transmission performance para­
meters specified by M.T.S. engineers for a hypo­
thetical 225 mile system. This system length 
would allow M.T.S. to serve virtually all of the 
populated, southern area of the province. Table 
1 details the transmission performance over 225 
miles that could be met using the superl inear 
amplifiers actually supplied and specified by 
Century Ill Electronics. 

TABLE I 
CALCULATED 225 MILE RESULTANT I CBN 

PERFORMANCE USING CENTURY I I I 
SUPERLINEAR AMPLIFIERS 

SIGNAL TO NOISE RATIO 45 dB 
(SNR) 

CROSS MODULATION DISTORTION -64 dB 
(8 CHANNELS-PER NCTA 002-0267) 

SECOND ORDER DISTORTION -6S dB 

HUM MODULATION -47 dB 
(PER DOC BP-23) 

With this ICBN transmission performance, CATV 
signals delivered to a Local Broadband Network 
(LBN), with its own noise and distortion degrada­
tion, would, at the worst-case CATV subscriber 
terminals, exceed in quality, the requirements of 
the Department of Communications, Broadcast Pro­
cedure 23 standards. 



COMPONENT DESCRIPTION 

The cable utilized for all presently instal­
led systems is General Cable's Fused Disc 750 
type cable, flooded and jacketed, which has pro­
ven to be able to withstand direct ploughing 
without any major difficulties. 

A Century Ill superl inear ampl lfier station 
is shown in Figure 3. A modular approach was 
followed in design with a standard CATV trunk 
amplifier housing accomodating the forward 
(50-108 MHz) and reverse (5-30 MHz) amplifier 
modules. It is also equipped with a dual power 
supply module with automatic changeover, diplex­
ing filters, AGC and ASC module and a micropro­
cessor-based status monitor transponder. The 
performance specifications for the feed-forward 
(50-108 MHz) amplifier are listed in Table 2. 
The most noticeable specification improvement 
over high quality conventional trunk amplifiers 
is the dramatic decrease of approximately 30 dB 
in cross modulation distortion. 

FIGURE 3 

TABLE 2 
FEEDFORWARD TRUNK AMPLIFIER 

SPECIFICATIONS 

FREQUENCY RANGE 45-110 MHz 

FLATNESS :':_0.15 dB 

RETURN LOSS (ALL PARTS) 20 dB Min. 

OPERATING LEVELS 
CH 2 +43 dBmV 
110 MHz +47 dBmV 

GAIN (NOMINAL) 30 dB 

CROSS MODULATION -110 dB 
(8 CHANNELS-PER NCTA 002-0267) 

TRIPLE BEAT -120 dB 

I NTERMODULATI ON -88 dB 

HUM MODULATION -70 dB 
(PER DOC BP-23) 

NOISE FIGURE (0 dB EQLR) 7.5 dB 
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Reverse system performance is virtually 
identical to that of the super! inear forward 
package and by virtue of the light, four channel 
loading, the reverse amplifier does not have to 
employ the "feed-forward" technique. 

The feed-forward module is, by its very 
nature, redundant. In fact it is very difficult 
to identify when one of the feed-forward gain 
blocks has failed since the increase in system 
noise and distortion is almost inperceptible. To 
facilitate identification of a failed chip an 
internal Amplifier Balance Check can be made on 
each station under the control of the status 
monitor terminal in Winnipeg. Under control of 
the amplifier microprocessor 4.8 KHz modulation 
is applied separately to the main and error am­
plifiers such that an ABC receiver will quickly 
indicate the measure of feed forward balance in 
that station under test. 

An incident in October 1978 illustrates well 
the system "headroom" and tolerance for even 
major failures. A faulty amplifier connector 
introduced a 20 dB Joss at the output of a sys­
tem amplifier, yet system AGC and the substantial 
SNR margin in the system resulted in no visible 
signal degredation at the Brandon terminal. This 
tolerance can be used to advantage for restora­
tion of service in that an entire amplifier sec­
tion can be bypassed with flexible 412 cable with 
an overall SNR penalty of less than 3 dB. 

Powering for the system is via the cable it­
self with power supplies located at a maximum of 
every 9 amplifier stations. The power supply, 
shown in Figure 4, is a special 105 volt quasi­
square wave regulated unit built to meet M.T.S. 

FIGURE 4 



specifications by Sawyer Industries of California. 
Standby power, In the event of electrical utility 
outages, Is provided by a battery bank and inver­
ter,controlled by electronic logic. The supply 
achieves ''no-break" standby powering thereby eli­
mlnatlng any "bumps" or switching transients. 

Failure of primary power resulting in stand­
by battery operation is sensed by the associated 
amplifier status monitor transponder and an alarm 
Is conveyed to the control centre in Winnipeg. 

Pedestals to house the amplifiers, mid-span 
splices and field power supplies were designed by 
H.T.S. and built by lnventronics Limited of 
Brandon, Manitoba. Figure 5 shows an amplifier 
pedestal (right foreground) with a larger power 
supply pedestal in the left rear. CJ imatic 
conditions in Manitoba, particularly frost 
heaving, necessitate extremely strong and stable 
pedestals and staking. With temperatures vary­
ing between -40°F and +95°F and winter frosts 
penetrating as deep as 7 feet, both electronic 
transmission and mechanical assemblies are 
severely tested. 

FIGURE 5 

The status monitor system employed with the 
ICBN highway uses a Data General Micro Nova 3 
with dual floppy disk memory, a CRT, hardcopy 
printer and a custom telephone interface to pro­
vide a comprehensive network control package 
which continuously monitors key functions at each 
amplifier and power station. Figure 6 shows the 
prototype terminal at the Winnipeg ICBN Control 
Centre, Interrogation data is sent to field 
locations via AFSK modulation of a 107.25 MHz 
pilot carrier, while response information is 
similarly modulated on a 5.5 MHz return system 
pilot carrier. Each amplifier contains a trans­
ponder which monitors analogue functions such as 
pilot levels and feed-forward balance, as well as 
failure condition alarm inputs (both internal and 
external to the amplifier), and power supply 
standby battery reserve measurement. Analogue 
inputs are digitized with all data continuously 
available to the control terminal. Automatic call 
out routines and various video and hardcopy 
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information printouts are software features of 
the system. With the potential of several hun­
dred amplifier stations being associated with 
the network, many located in remote locations, 
it is obvious that a sophisticated status moni­
tor system is absolutely essential. 

FIGURE 6 

To facilitate communications and control 
from field locations, a portable multi-channel 
ICBN RF order wire was designed and built by 
M.T.S. engineers. This attache case-sized unit 
has 6 channel scanning with full duplex capabili­
ty for voice communications, and a touch-tone 
pad for signal! ing and remote control. Touch-
tones can be used to control functions on the 
network through the status monitor computer or 
to dial telephone numbers through an interface 
with the public switched-network. 

U.S. Network CATV signals available in 
Winnipeg at video baseband are modulated into 
the ICBN using Scientific Atlanta 6350 modula­
tors manufactured for ICBN channel assignments. 
At M.T.S. Toll Offices in each of the rural com­
munities special Scientific Atlanta 6150 pro­
cessors convert the CATV signals to the VHF chan­
nel assignments 1 icensed to the local CATV opera­
tor. These signals are then distributed to the 
CATV subscribers on the M.T.S. Local Broadband 
Network (LBN). Provision is made with the pro­
cessors for the use of chroma delay equalizers. 
Chroma delay distortion is not a problem with 



the higher forward channels presently in use but 
equalization will be necessary on channels closer 
to 50 MHz. 

TRANSMISSION PERFORMANCE 

The availability of a new Tektronix 1450 
demodulator allowed transmissioo testing of SNR 
crossmodulation, intermodulation and hum modula­
tion to be done at baseband, using standard 
telephone industry video test procedures. These 
key parameters were also tested using the RF 
techniques common to the CATV industry, through 
use of Hewlett Packard 8553 and Tektronix 7Ll3 
spectrum analyzers, Dix Hills R-12/SX-16 system 
and accessories. 

Comparison of RF with baseband measurements 
of major parameters proved to be very gratifying. 
There was very close agreement (within 1 dB) be­
tween the results independently measured using 
each technique. 

Figure 7 shows the acceptance testing under­
way at the Brandon ICBN terminus. 

FIGURE 7 

Table 3 details the overall test results 
respectively. 
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TABLE 3 
WINNIPEG-BRANDON ICBN 
OVERALL TEST RESULTS 

145 MILES - 122 AMPLIFIERS 

SIGNAL TO NOISE RATIO 53 dB 
(WORST CASE) 

CROSSMODULATION (-66 dB 
(8 CHS-PER NCTA 002-0267) 

HUM MODULATION -51 dB 
(PER DOC BP-23) 

INTERMODULATION <-80 dB 

FREQUENCY RESPONSE .:!:_0.3 dB 

LINE TIME DISTORTION 2% Max.* 

PULSE TO BAR RATIO 3% Max. * 

2T PULSE SHAPE (K FACTOR) 2% Max. * 

* LUMINANCE NON-LINEARITY 2% Max . 

SYNC COMPRESSION 2.5% Max. * 

CHROMINANCE GAIN NON-ll NEAR I TV 4% * Max. 

DIFFERENTIAL GAIN 2% Max. * 

DIFFERENTIAL PHASE 1% Max. * 

It should be noted that careful baseband 
testing of the modulators in Winnipeg clearly 
established that the baseband test values 
(asterisk) were established by the origination 
modulator-Tektronix demodulator combination and 
that there was no measurable degradation of these 
parameters by the ICBN transmission system. 

INTEGRATED SERVICES 

While there are many interesting aspects to 
the new technology associated with ICBN, the most 
exciting side of the network is its role as a 
multi-purpose, shared user, broadband electronic 
highway. In six rronths of operation it has 
already demonstrated several unique service appl i­
cations beyond the delivery of CATV service to 
rural communities. 

During the Canada Winter Games, a two week 
athletic event of national interest, held this 
year in Brandon, coaxial cable facilities inclu­
ding the ICBN carried daily I ive video and audio 
originations whic~ fed the national French and 
English television and radio networks of the 
Canadian Broadcasting Corporation (CBC), an 
organization respected throughout the world for 
its stringent technical standards. Every second 
of programming was carried to some extent by 
coaxial cable with ICBN being used in the reverse 
direction to transport four 15 KHz audio circuits 
to Winnipeg which distributed daily programming 
across Canada. Catel FM modems were used on the 
ICBN and the Brandon LBN for audio and some video 
transmission. Scientific Atlanta modulators/ 
demodulators handled the rest of the video trans­
miss ion. 



The private CTV network affiliate in Winni­
peg operates a network of seven rebroadcasting 
stations in western and northern Manitoba. ICBN 
facilities have been used to carry special pro­
gramming from Winnipeg to western Manitoba for 
this broadcaster. 

Stereo FM transmission on the ICBN highway 
is particularly cost effective. Those familiar 
with telephony will recognize that stereo trans­
mission on message facilities requires two full 
"groups" of channels with precise phase differ­
ential and amplitude equalization. Such facili­
ties are very costly compared to ICBN which can 
transport the stereophonic signals either in 
encoded format or as separate left and right 
channels with excellent gain-frequency response, 
distortion and noise characteristics. At present 
four Winnipeg stereo FM stations are on the ICBN 
with strong possibilities existing that more will 
be added. The CBC, apparently pleased with per­
formance during the Winter Games, has recorded 
its interest in further investigating ICBN for 
the transmission of network signals to Brandon 
on a full time basis. 

While telephony transmission on coaxial 
cable has been successfully trialed by various 
organizations, and is providing message service 
near Rimouski,Quebec to customers of the Quebec 
Telephone System, most approaches to telephony on 
coax have married the digital PCM format with 
existing CATV AM or FM modems in a satisfactory, 
but bandwidth inefficient manner. Theoretical 
calculations, reinforced by careful testing and 
monitoring, have indicated that ICBN is capable 
of high capacity (up to 1200 message channels in 
6 MHz bandwidth) telephony transmission using 
standard AM suppressed carried techniques. An 
AM SSBSC modem specification has been issued to a 
number of CATV and telecommunications manufac­
turers soliciting techno-economic response re­
garding manufacture of such a unit. M.T.S. is 
carefully evaluating competitive costs of pro­
viding additional required message circuits in 
all areas of Manitoba using conventional tech­
niques, coaxial cable and fibre optics, with a 
recognition of future broadband service require­
ments. 

It is anticipated that the imminent usage 
of Canadian satellites to deliver additional 
programming services to cATV subscribers will 
prove to be a stimulus to ICBN usage. Ground 
receive station costs in Canada are, for a 
variety of reasons, significantly higher than 
in the United States and the most cost effec­
tive way of distributing satellite signals to 
small rural communities may be via ICBN from 
satellite receivers established in the larger 
centres. At present, delivery of the live pro­
ceedings of the Canadian House of Commons to 
rural CATV operators is being considered using 
ICBN from a ground receive station in Winnipeg. 
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Similarly there is great interest concerning 
possible delivery of 1 ive proceedings of the Pro­
vincial Legislature to rural communities using 
I CBN. 

With the coaxial cable facilities in Winni­
peg being used by M.T.S. to distribute full time 
bi-directional medical information between two 
major hospitals in Winnipeg, and the existance of 
a large 2.5 GHz information retrieval ETV system 
with a major software library, in suburban Winni­
peg, there are major opportunities for extension 
of medical and educational television services to 
provincial communities on, or near the electronic 
highway. 

Presumably other new futuristic services 
such as Videotex, alarm and meter reading, tele­
shopping, facsimile, electronic mail and elec­
tronic newspapers could be.distributed on the 
multi-purpose, multi-user electronic highway. 

CONCLUSION 

While fibre optics technology {FOTS) has 
generally been advanced by the common carriers 
as the means of providing the shared-user, multi­
servi.ce communications "electronic highway", the 
Manitoba Telephone System has established a 
medium haul facility in southern Manitoba using 
coaxial cable which is already assuming '~lec­
tronic highway" stature with the promise of more 
to come in the near future. While the existing 
coaxial system is likely to serve user needs for 
many years, it can be expanded substantially in 
capacity with minimal additional cost. The phy­
sical electrical and logistical tests provided 
by this operating facility are almost identical 
to those which will be critically important to 
future fibre optics systems, particularly in the 
severe Manitoba climate. 

The development of a super] inear broadband 
"feedforward" amplifier which was paramount to 
the success of this project will have important 
consequences for all segments of the CATV indus­
try in that development by its manufacturer is 
well advanced on a 300 MHz unit which will pro­
vide dramatic improvements in system transmission 
performance, and the economics of local distri­
bution. This progress is particularly important 
at this time when cabling of the larger American 
cities, with required lengthly trunk amplifier 
systems, appears to be on the horizon. 

The development of a sophisticated status 
monitoring system with expansive software capa­
bilities, a new 105 volt "no-break" standby power 
supply, a new series of rugged pedestals, and a 
multi-channel, portable, full-duplex telephone 
for use on bi-directional coaxial cable systems 
are important and interesting side-benefits 
associated with the ICBN. 



Most important, interesting and cost effective 
new integrated applications have already and will 
continue to be established for coaxial cable tech­
nology using the M.T.S. ICBN. 
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ANALYSIS AND MEASUREMENT OF CATV 
DROP CABLE RF LEAKAGE 

KENNETH L. SMITH 

TIMES WIRE AND CABLE 
WALLINGFORD, CONNECTICUT 

ABSTRACT 

The coupling of electromagnetic fields through CATV drop 
cables can be measured using a Radiometer. The theoreti­
cal analysis of this coupling, which began in 1934, is re­
viewed and the measurements agree with the predictions. 
Accordingly engineers can theoretically analyze and design 
coaxial cables. The measurements show that the different 
types of drop cables in use result in a large variation in 
coupling. The flexure measurements show that some cables 
would be expected to have 1 0 times longer flexure life than 
other types. 

INTRODUCTION 

The theoretical development of electromagnetic field cou­
pling through the shields of coaxial cable began many years 
ago. The general theory was presented in an article by 
Schelkunoff in 1934 (1 ). He represented the coupling by a 
transfer impedance and developed formulae for calculating 
the characteristics of solid shields. He also analyzed 
multiple-layer shields. Since 1934 numerous people have 
analyzed the coupling mechanisms and methods of measur­
ing the coupling. 

This paper will reference the following: Vance's article (2) 
presented in 1975, which develops the transfer impedance 
and transfer admittance of braided-wire shields based on the 
theory of coupling through electrically small-irises developed 
by Kaden (3) and Marcuvitz (4). In 1974 the International 
Electrotechnical Commission's Working Group 1 (Screening 
Efficiency) accepted a United Kingdom proposal presented 
by Fowler (5), to express the transfer admittance by a capaci­
tive impedance quantity which the IEC called "Capacitive 
Coupling Impedance". At the Aneheim, California, NCTA 
Convention in 1973 Ken Simons gave a presentation titled 
"A Shielding Effectiveness Measuring Jig for CATV Cables. 
He also presented a paper (6) to the IEC sub-committee 46A 
(Radio-Frequency Cables) titled "The Terminated Triaxial 
Test Fixture". Ken describes a test fixture and test method for 
measuring transfer impedance and capacitive coupling im­
pedance. Ken's work was an extension of Zorzy's work (7) 
presented in 1961. Early work was performed on this triaxial 
test method by Ochem in 1936 and is described in an histori­
cal summary by Bourseau and Sandjivy (8). In 1978 Times 
Wire and Cable developed and started marketing an instru­
ment called a Radiometer for measuring the transfer impe­
dance and capacitive coupling impedance which uses the 
triaxial test method. 
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The purpose of this paper is to show the transfer impedance 
and capacitive coupling impedance of different types of 
CATV drop cables. The theory of electromagnetic field cou­
pling and method of measurement will be reviewed. The 
measurement data on different types of drop cables will be 
given and the change resulting from flexure of the cable will 
be shown. 

MEASUREMENT 

The Radiometer measures the absolute value of the transfer 
impedance and capacitive coupling impedance of the coax­
ial shield. 

An artist sketch of the test set-up is given in Figure 1. The 
coaxial cable is coaxially supported by a dielectric in the test 
chamber creating a triaxial transmission system. The inner 
coaxial transmission system is inside the test specimen. The 
outer coaxial transmission system's center conductor is the 
specimen's shield and its outer conductor is the test 
chamber. The specimen is terminated in its characteristic 
impedance by load A and the combination of the sweep 
oscillator and preamplifier. Load B and the detector are 

SCOPE WITH 
POST AMPLIFIEij TEST EQUIPMENT 

ARRANGEMENT 
FIGURE 1 

LOAD 

BALUNS 

connected to the outer system by coaxial terminals. The 
rectangular termination on the ends of the chamber have 
ferrite toroids surrounding the test sample. These toroids 
minimize current flow along the shield of the test specimen to 
the end of the rectangular termination where the shield of the 
specimen is grounded. These rectangular terminations form 
"baluns" creating a high impedance allowing the load Band 



detector to match the impedance of the chamber. Errors are 
not introduced by leaky connectors; the shield of the speci­
men is unbroken through the entire length of the fixture. The 
connectors on the sample are connected to the ends of the 
rectangular terminations and are not critical since the 
"baluns" isolate the connector's leakage from the signal in 
the test chamber. 

When the equipment is set up as shown in Figure 1, an 
analysis, neglecting attenuation and assuming the cable 
shield is uniform, shows that the magnitude of the output 
voltage in the triaxial transmission system is: 

lvrl = I (Zt- Zr} Vi Sin [({3s- {3c} L/2] I 
Zs ({3s - {3c} 

Where Vr = The detector voltage with 
set up of Figure 1 

Vi = The specimen input voltage 
Zt = The transfer impedance in 

ohms per meter 
Zr = The capacitive coupling 

impedance in ohms per meter 
L = The distance between the 

coaxial terminals of the test 
chamber in meters 

Zs = The specimen characteristic 
impedance in ohms 

{3s = The specimen phase constant 
in radians per meter 

{3c = The test chamber phase 
constant in radians per meter 

An analysis of the output voltage with Load B and detector 
exchanged shows: 

IVR' = I (Zt + Zr) Vi Sin l(f3s + {3c} L/2] I 
Zs ({3s + {3c} 

Where VR = The detector voltage with 
Load B and detector swapped 

Zt and Zr may be calculated, since the ratios Vr/Vi, VR/Vi, {3s, 
{3c, L, and Zs can be measured. The test procedure provided 
with the Radiometer includes tables which can be used to 
convert the voltage ratios measured in decibels to transfer 
impedance and capacitive coupling impedance. The mini­
mal specimen attentuation is neglected but the chamber 
attentuation is accounted for. The tables were obtained from 
the following equations: 

Zt= 

Zr= 

L 

I 
L 

VTsZc (lsi~ ¢I 
V Zs Zc (\si~ ¢\ 

ex + I Si~ e I e• ) 

ex - I Si~ e\ e•) 
Where Zt = The transfer impedance in ohms 

per meter 
Zr = Capacitive coupling impedance 

in ohms per meter 
Zs = The specimen characteristic 

impedance in ohms 
L = Chamber length in meters 
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¢ = ({3s + {3c} L/2 in Radians 
e = ({3s - {3c} L/2 in Radians 

Zc = The chamber characteristic 
impedance in ohms 

{3s = Specimen phase constant in 
radians per meter 

{3c = Chamber phase constant in 
radians per meter 
DBR- exc/2 

x = 
8

_
68 

=In VR/Vi 

DBF- exc/2 
y = 

8
_
68 

=In VF/Vi 

ex c = Chamber attentuation 
Note: X, Y, DBR, DBF and ex care 

negative quantities. 

TEST RESULTS 

The transfer impedance and capacitive coupling impedance 
of the shields can degrade in service as a result of flexure. A 
test similar to the following is commonly performed, through­
out the industry, to evaluate the flexure characteristics: Initial 
transfer impedance and capacitive coupling impedance is 
measured. Then the samples are wrapped 360 degrees 
around a mandrel whose diameter is five (5} times the outer 
diameter of the cable. The two ends of the specimen are held 
while the mandrel is moved down the cable length then 
returned to the starting point. This flexure is repeated five 
times, then the cable is reverse bent 360 degrees around the 
mandrel and the flexure repeated. After this flexure it is found 
that the transfer characteristics from some cables which 
have a dry foil with a braid over it, increase 40 times. By 
contrast, a cable with sealed foil- 60% braid- foil - 40% braid 
shield shows a comparatively small change in transfer 
characteristics when subjected to the same test. In general, 
before flexure, the sealed foil constructions have higher 
transfer characteristics than dry foils. However, after flexure 
the sealed foils have lower transfer characteristics than dry 
foils. 

FRAME 

FLEXURE TEST 
EQUIPMENT 

FIGURE 2 



These flexure results are very meaningful but the flexure 
does not represent the flexure in service. New flexure data 
was taken using the equipment illustrated in Figure 2. The 
cables are flexed at a rate of 40 cycles per minute. One 
flexure cycle is plus and minus 8 degrees travel. The transfer 
characteristics were measured initially then after different 
flexure cycles. The highest increase in transfer characteris­
tics occurred at 300 MHz, therefore, this data is plotted 
versus flexure cycles in Figures 3 and 4. Only limited data 
has been taken, one sample for each type cable shown. The 
data confirms that after flexure the sealed foils have lower 
transfer characteristics than dry foils. As would be expected, 
the sealed foil - 60% braid - foil - 40% braid type does 
eventually degrade but it has far longer life than the other 
constructions. It appears that the flexure life of this cable is 
10 times that of all other cable types tested. 

The average transfer impedance and capacitive coupling 
impedance test data, measured on random samples of cable 
manufactured by Times Wire and Cable, is plotted in Figures 
5 thru 10. Except for Times Wire and Cable Ml-2245, meas­
urements have been performed to confirm that the cable 
performance is typical for the same type of cable manufac­
tured in general by industry. To my knowledge Times Wire 
and Cable is the only company manufacturing a cable with 
the construction of Ml-2245 which has a sealed foil - 60% 
braid - foil - 40% braid shield. 
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DISCUSSION AND ANALYSIS OF TRANSFER 
IMPEDANCE TEST RESULTS 

Transfer impedance is defined in an elementary length of 
coaxial cable as the ratio of the potential gradient (voltage) in 
the disturbed circuit to the current flowing in the interfering 
circuit. When the cable is acting as a transmitting antenna 
(egressive signals) the disturbed circuit is the environment 
around the cable. When the cable is acting as a receiving 
antenna (ingressive signals) the disturbed circuit is within the 
cable and the interfering circuit is the environment around 
the cable. A lower transfer impedance reduces the elec­
tromagnetic coupling (radiation). 

The transfer impedance of a braided shield has two compo­
nents; a diffusion component caused by current diffusing 
through the metal and a mutual-coupling component caused 
by penetration of the magnetic field through the openings in 
the braid. The mutual-coupling component can be rep­
resented by a mutual inductance. 

The transfer impedance is the vector sum of these two 
complex quantities and its magnitude is: 

I Ztl = V ( IZctl Cos ¢)2 + ( IZctl Sin cfJ + IZml )2 

Where cfJ = .785- tan- 1 (coth d/8 Tan d/8) 
Zct = The diffusion component of 

Zt in ohms per meter 
Zm = The mutual-coupling component 

of Zt in ohms per meter 
d = The diameter of braid wire in meters 
8 = The skin depth in meters 
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The approximate diffusion component and mutual-coupling 
component for braided cable is obtained from an extension 
of Vance's equation (2) and Schelkunoff's (1 ): 

The diffusion component is: 

lzctl = Rctc ( \12) d/8 

V Sinh 2 (d/8) + Sin 2 (d/8) 

8=~ 

The mutual coupling is: 

lz I= wvp.m 
m 7T2 02 

Where P = The resistivity of the shield 
in ohm-meters 

f = The frequency in hertz 
p. · = The absolute magnetic 

permeability of the shield in 
henries per meter 

d = The diameter of braid wire in 
meters 

Rctc = The de resistance of the 
shield in ohms per meter 

w = The angular frequency in 
radians per second = 27Tf 

v = The number of holes per meter 
in the braided shield 

p. = The absolute magnetic 
permeability of the insulation 
between the conductors in 
henries per meter 

0 = The mean inside diameter of 
the shield in meters 

m = The magnetic polarizability of 
the holes in the braid (2) 

Zm = Mutual-coupling component in 
ohms per meter 

Zct = Diffusion component in ohms 
per meter 

8 = Skin depth in meters 

The magnetic and electric polarizability of holes in a braid 
can be determined experimentally using electrolytic-tank 
techniques (7). Vance obtained the polarizability of the 
diamond-shaped hole by calculating the polarizability of an 
equivalent elliptical hole (2). 

The only fields that transfer through solid shields are those 
that diffuse through the metal. The preceding equation for 
the diffusion component is the equation for the transfer im­
pedance of solid shields when "d" is equal to the shield 
thickness. The theoretical transfer impedance divided by the 
de resistance of braided and solid shields versus frequency 
is plotted in Figure 11. 
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Comparing the test data plotted in Figure 9 with the theoreti­
cal curves of Figure 11 shows the RG-59/U cable with a 
braided shield performed as predicted by the theory for a 
braid. The constructions of Figures 5 and 7 have shields 
which are layers of foils and braids. Since the foil completely 
surrounds the dielectric it might be expected that there would 
be no openings in the shield allowing mutual-coupling. 
Therefore, the cable would perform like a tube. The cables 
do show the tube characteristics except at the higher fre­
quencies where the transfer impedance begins to increase. 
The cause of this increase is that there are openings at the 
foil overlap and some mutual-coupling does exist. 

The test data presented is for foam polyethylene dielectrics, 
data on solid polyethylene dielectrics show somewhat lower 
transfer characteristics. This would be expected since the 
dielectric is harder and more pressure may be applied by the 
braid shorting out the overlap. 

The sealed foil-60% braid-foil-40% braid construction has 
the lowest initial transfer characteristics as would be pre­
dicted, since the shield has a sealed foil on the dielectric then 
a dry foil sandwiched between two braids. The braid on both 
sides of the foil shorts out the foil overlap far better than a 
braid on only one side. The large amount of metal in the 
shield results in low transfer characteristics at low frequency 
caused by low shield resistance and low diffusion of current 
through the shield. The sealed foil constructions have adhe­
sive on the foil overlap; therefore it causes higher initial 
transfer characteristics than obtained with foils which have 
no adhesive. 
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Flexure causes an increase in the opening at the foil overlap 
and/or fractures the foil, increasing the mutual-coupling 
(transfer impedance). The sealed foil constructions adhere 
the foil to the dielectric and the foil to foil overlap, minimizing 
the flexure effect on the foil. Flexure has the least effect on 
the sealed foil-60% braid - foil - 40% braid construction due 
to the braid on both sides of the foil shorting out the opening 
at the tape overlap, and it also has two layers of foils and 
braids. 

ANAL VSIS OF CAPACITIVE COUPLING 
IMPEDANCE TEST RESULTS 

The openings in the shield also allow the electric field to 
penetrate creating electric coupling. This coupling can be 
represented by a capacitive coupling between the center 
conductor of the coaxial cable and the return path external to 
the cable. 

The capacitive coupling impedance is derived from the defin­
ition accepted by the International Electrotechnical Com­
mission Working Group 1 (Screening Efficiency) (5) and 
Vance's equation for transfer admittance (2). 

Zt = _£ ZmvEr;JEri 
m 

Where Zt = The capacitive coupling 
impedance in ohms per meter 

p = The electric polarizability 
of the holes in the braid (2) 

m = The magnetic polarizability 
of the holes in the braid (2) 

Zm = The mutual-coupling component 
of Zt in ohms per meter 

Ere = The relative dielectric 
constant of the insulation in 
the external circuit 

Eri = The relative dielectric 
constant of the insulation 
within the cable 

The capacitive coupling impedance will be zero if there are 
no openings in the shield. If there are openings, then the 
capacitive coupling impedance should vary directly with fre­
quency. The test data plotted in Figures 6, 8 and 10 follows 
this characteristic reasonably well. 

CONCLUSIONS 

The transfer impedance and capacitive coupling impedance 
of coaxial shields can be measured and the results agree 
with the theoretical equations. Since the theory of transfer of 
energy through shields is known, an engineer can theoreti­
cally analyze and design coaxial cable. 

The different types of drop cables in use today results in a 
large variation in the coupling of electromagnetic fields 
through the shields. The RG-59/U drop cable, with a 96% 
braid, has a transfer impedance at 300 MHz, 1000 times 
higher than a sealed foil- 60% braid- foil- 40% braid cable. It 
also has a capacitive coupling impedance at 300 MHz, 400 
times higher. The sealed foil - 60% braid - foil - 40% braid 



cable was the only cable type tested that had a low 5 MHz 
transfer impedance (.001 ohm per meter), yet all construc­
tions have negligible 5 MHz capacitive coupling impedance. 

The type of cable to be used can not be chosen based only 
on cable performance before installed in a system. The 
performance after flexure must be considered; flexure life is 
a very important consideration. It appears that the flexure life 
of the sealed foil- 60% braid - foil- 40% braid is 1 0 times that 
of all other cable types tested. 
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CALCULATION AND BALANCE TECHNIQUE FOR 

A SMALLER DEDICATED RETURN LINE 

Bert L. Henscheid 

Theta- Com CATV 
Phoenix, Arizona 

Abstract 

Many systems are using or considering 
using a return signal path on at least a part of 
their normal cable system. This paper presents 
some of the calculations and balance techniques 
which may be used in setting up a smaller, 
dedicated line. It does not include the complex 
task of balancing a large fully implemented two­
way system. 

Techniques presented include the use of 
one carrier, two carriers, and sweep methods. 
Discussions on thermal compensation includes 
pilot carrier AGC and thermal equalizers. 
Some comments on data transmission will also 
be made. 

Introduction 

The large scale two-way systems have 
received a lot of publicity and indeed have been 
responsible for innovative designs and technol­
ogy improvements. However, the majority of 
two-way systems in actual operation are small 
dedicated runs, usually from the office to the 
headend or similar point-to-point networks. 
Large systems require extensive planning, 
design, and sophisticated balancing techniques. 
The single, most troublesome, feature of two­
way systems is the combining of sub-trunks. 
When sub-trunk returns are combined and the 
span lengths are different, the problem of 
achieving compatible levels is very difficult 
and leads to complex balancing procedures. 
Single dedicated return runs without sub-trunk 
returns can be balanced relatively easily in 
several ways. Some system calculations must 
be made to determine levels, equalization, and 
module gains. 

This paper assumes that the forward 
system has been designed and possibly built. 
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System Functions 

The first step is to define the system func­
tion regarding its use-. Several possible condi­
tions are listed in Table l. 

1. Single video channel 

2. Multiple video channels 

3. Single data channel 

4. Multiple data channels 

5. Combination video and data 

TABLE l POSSIBLE SYSTEM FUNCTIONS 

These operational functions will determine 
the bandwidth, the required stability, and possi­
bly the balancing technique to be used. Video 
channels will require a more stable operation 
than data channels. If the cascade is short, 
thermal equalizers may be sufficient. On longer 
cascade, an AGC system may be required. 
Multiple video channels will require a more 
accurate set up than either a single channel or 
data-only system. 

Next, determine whether to inject the 
return signal directly into the trunk, directly 
into the distribution cable, or through a direc­
tional tap. 

The simplest system results when the 
return signal is injected directly into the trunk 
through a suitable directional coupler. This, 
naturally, eliminates the set up of the distribu­
tion line but necessitates disturbing the trunk 
with possible down time. 

Distribution lines are much more forgiving 
of disturbances but will require the additional set 
up of line extender reverse modules. The least 
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system interruption occurs when the return sig­
nal is injected directly into a tap. Figure l 
shows three locations for inserting signals into 
the system. 

Direct Trunk Insertion 

Signals may be inserted into the trunk at 
either the first trunk reverse station or at any 
point in a reverse cascade. Usually if only one 
channel or one source location is used, the first 
reverse amplifier will be placed just ahead of 
that location. There would be no need for one 
placed further downstream. The first reverse 
module should be set for nearly maximum gain. 
It is common practice to leave one or two dB 
reserve gain for any unforseen level variations. 
Next, the required input level to the station must 
be calculated. Determine the actual operating 
gain and the desired output level. Desired output 
levels may usually be obtained from the manufac­
turer's data sheet. The output level minus the 
gain yields the input level to the amplifier module. 
Add to this level any combining losses, which may 
be built into stations, and the equalizer insertion 
loss, if not included in the amplifier gain. These 
losses mean that the input level to the station 
must be higher by that amount. Figure 2 shows 
an example of how these losses determine the 
input level. 

The trunk directional coupler value must 
be determined next. To do this, the connecting 
cable losses and the signal source levels must 
be known. Calculate the cable losses at the 
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actual reverse channel carrier frequencies, i.e., 
13 MHz, 19 MHz, etc. If the signal source is a 
modulator, plan to operate it several dB below 
maximum output level to allow for level varia­
tions during actual set up and equipment aging. 
The directional coupler value can then be deter­
mined as the additional loss needed to meet the 
required input level after subtracting the cable 
loss from the modulator level. Typically, the 
coupler will be a DC-16 or DC-20. If the cable 
loss is relatively low, the modulator may be set 
near minimum output level or may even require 
pads to be placed at its output as shown in 
Figure 3. 

Direct Distribution Insertion 

The calculations of this method are very 
similar to that of the trunk insertion. The first 
reverse line extender module should be set just 
below maximum gain and the input level deter­
mined as before. Compute the cable and flat 
loss going into the trunk station by adding the 
cable loss at the carrier frequency and all dis­
tribution passives, taps, and combiner losses. 
Check the station block diagrams carefully for 
these losses. The combined cable and flat 
losses from the last (reverse direction) line 
extender to the trunk reverse module must be 
less than the trunk reverse amplifier gain. If 
it is not, the line extender reverse output level 
will have to be raised accordingly. Carry these 
levels back to the signal source to be sure that 
enough signal level is available. If additional 
level is required, use either a smaller direc-
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tional coupler or additional amplification at the 
source. Figure 4 illustrates this method. 

Directional Tap Insertion 

The system calculations of this method are 
identical to that of the direct distribution inser­
tion except that tap loss is considered instead 
of a directional coupler loss. All passives 
including taps must be able to pass the 5-30 MHz 
band. Many of the older taps and passives sim­
ply were not designed to operate at 5 MHz. Most 
systems which have been rebuilt or built recently 
will already have 5-300MHz passives. If this is 
a special run where only a portion of the trunk 
was rebuilt for a specific reverse run. check 
the passives to assure they are also 5-300 MHz 
equipment. Replace any unit in the reverse 
system that does not pass 5 MHz with one that 
does. All modern passives that are designed to 
pass 5 MHz will have the same attenuation in 
both the forward and reverse direction. Figure 
5 illustrates the tap insertion method. 
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System Balancing 

The reverse system may be balanced in 
several ways: 

1. Sweep 

2. Meter Balance 

a) Two carrier reference 

b) One carrier-modulated 

Sweep balancing is the cleanest and most 
accurate method. If several channels are 
planned or if a large part of the 5-30MHz band 
is going to be used, the sweep method is certain­
ly recommended. Connect the sweep generator 
at the source and set a reference as in normal 
forward sweep. Set sweep width for 5-30 MHz. 
Balancing is accomplished in the same way as 
in the forward direction, working from the 
source to the headend. The unity gain per span 
concept applies with this method as in the for­
ward direction. If the reverse line extender 
output level must be different than the trunk 
output level because of more flat loss or cable 
loss, the sweep reference level will have to be 
shifted accordingly. A little thought and care 
will be necessary here. See Figure 6. 
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Meter balancing is much easier but is 
less accurate. However, if two carriers are 
inserted so that one carrier frequency is near 
30 MHz and the other is near 5 MHz, a reason­
ably close slope and gain condition can be 
achieved. A calibrated signal level meter 
should be used. Again, connect the signals at 
the source and balance upstream toward the 
headend. If the desired carrier is available, 
simply add a stable CW carrier as far away in 
frequency from it as possible and balance to 
these two. Balancing on one modulated carrier 
is possible, if the relationship between the 
video and sound carrier levels are closely 
maintained. This is not a desirable method due 
to the lack of adjustment resolution. 

The actual mechanics of balancing will 
vary with the type of equipment used. The 
value of equalizers, the pivot point of the slope 
control if one exists, the type and location of 
test points, and recommended operating levels 
are different with each manufacturer. 

Adding a Second Source 

To add another source to a mid point 
location on a reverse system, determine the 
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type of insertion method required, i. e. , direct 
trunk or distribution insertion. Next, deter­
mine the input level necessary to make the new 
carrier compatible with the existing trunk 
reverse carrier. For trunk-inserted carriers, 
this could be taken at the input test point. For 
distribution sources, compatible levels would 
be taken at the trunk-distribution combiner as 
illustrated in Figure 2. Given the input levels, 
the remaining calculations are done as before. 

Distortion Calculation 

Cross-modulation calculations in cascade 
are made the same way as in the forward sys­
tem but only for two or more channels. There 
can be no cross-modulation with only one 
channel. Any cross-modulation that does occur 
must be added directly to the contribution that 
channel will receive in the forward direction 
for a total cross-mod level. For example, if 
two reverse channels are used, compute the 
cross-mod for the reverse cascade based on 
two channels and add this to the cross-mod that 
each channel would normally receive in the 
forward direction. 

To illustrate the accumulated cross-
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modulation of the reverse channels, assume 
that channel T9 goes through 10 reverse ampli­
fiers, is converted to channel 6, and is sent 
down 20 forward amplifiers with 19 other for­
ward channels. Assume further that channel, 
TB goes through 5 reverse amplifiers, is 
converted to channel 9, and is sent down the 
same forward cascade. No cross-mod would 
be generated in T9 from the tenth to the fifth 
station. Then, channels TB and T9 would 
cause cross-modulation in each other through 
the five remaining reverse amplifiers. 
Compute the cross-mod of 2 channels through 
5 amplifiers. A typical number might be: 

-107 dB for each amplifier 
+ 14 dB for five amplifiers 
- 93 dB for reverse system 

The forward system of 20 channels and 20 
amplifiers would contribute typically: 

-93 dB for each amplifier 
+26 dB for twenty amplifiers 
-67 dB for forward system on 

channels 6 and 9 

The contribution of the reverse system to 
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channels 6 (T9) and 9 (TS) is less than 1 dB, so 
the total system cross-mod on these two chan­
nels would be about -66 dB on the trunk. 

Noise accumulation occurs in every ampli­
fier location both forward and reverse. The 
total carrier-to-noise ratio is based on all 
amplifiers in the signal path. Since different 
types of amplifiers have different noise figures 
and different input levels, the base C/N of each 
station must be computed. These individual 
C/N are then added, through logrithms, to get 
a combined system C/N ratio. 

To illustrate this concept, assume that 
channel T9 flows through 10 reverse stations 
and 20 forward stations. Assume C/N base 
numbers of -63 dB for the reverse and -59 dB 
for the forward stations. 

-63 dB for one reverse station 
+ 10 dB for ten reverse stations 
-53 dB for T9 in reverse 

-59 dB for one forward station 
+13 dB for twenty forward stations 
-46 dB for T9 forward 



-53 dB reverse 
-46 dB forward 
-45 dB total 

Carrier-to-noise ratio for T8 would be: 

-63 dB for each reverse station 
+ 7 dB for five reverse stations 
-56 dB for reverse 
-46 dB for forward 
-45. 6 dB total 

Data Channels 

Digital data channels such as computer 
links, telecommunications, or cant ro l links are 
handled somewhat differently from video chan­
nels. Typically, the bandwidth is from one to 
four megahertz and is a function of the data rate. 
Modulation type is usually a form of frequency 
shift keying (FSK) for control and computer links 
and pulse code modulation (PCM) for voice tele­
communications. These data signals may then 
be applied to a high quality CATV type modulator 
for insertion into the cable system. Either AM 
or FM modulators will accept this type of modu­
lation, but check with the manufacturer for 
proper operation. Some AM modulators have 
AGC circuits which operate from TV sync pulses 
and may be easily fooled by the lack of sync 
pulses in the data stream. FM modulators tend 
to have wider bandwidths than AM modulators, 
so carrier frequencies must be selected care­
fully to avoid interference. 

Carrier -to-noise ratios are less critical 
on data carriers than on TV carriers. Data 
carriers are usually carried 10 dB below 
adjacent TV carriers to reduce any possibility 
of distortion to the TV carriers. If the reverse 
system is to carry data channels only and no 
video carriers, the data channel may be operated 
at normal system operating levels. 
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Conclusion 

The two areas of consideration that must 
be carefully thought through is the calculation 
of signal levels at every stage in the cascade 
path and the unity gain balance points. Single 
channel systems are less critical of the actual 
operating level, but the trunk and distribution 
levels must be made compatible. Pay close 
attention to levels near the modulator to be 
sure that the modulator can supply sufficient 
level. Balancing techniques may have to allow 
for a difference in distribution and trunk return 
levels. This will be more difficult with sweep 
than with meter balancing. Good prior planning 
and forethought will prove invaluable. 



COMPUTER-AIDED CATV SYSTEM DESIGN 

Richard L. Amell 

Cox Cable Communications, Inc. 

ABSTRACT 

Cox Cable Communications's Design and 
Drafting Department is equipped with four 
microcomputer systems to aid in the design 
of CATV systems. The computers perform 
all calculations involved in design of 
Bill of Materials, freeing the system 
designer to concentrate on routing, ampli­
fier placement, and cost effectiveness. 
Computer-aided system design is faster, 
more accurate, and less costly than design 
produced with non-computer methods. 

INTRODUCTION 

In companies like Cox Cable that 
choose to develope large quantities of 
system design in-house, less than maximum 
production from the design staff can mean 
costly construction delays due to lack of 
maps and Bill of Materials. 

A proficient designer, using a compu­
ter, can produce in excess of 15 miles of 
raw design (unpowered/no B.O.M.) in a 
normal work day. Non-computer-aided 
methods of design cannot compare in pro­
duction speed. 

Accuracy in system design is impera­
tive. Designing with a simple calculator 
requires repeated entry of data such as 
input and output levels, cable losses, and 
insertion losses. Minimizing the number 
of keyboard entries will reduce the possi­
bility of keyboard entry errors. Computer­
aided system design requires a minimum of 
keyboard entries. A computer, using cus­
tom programming, will instantly calculate 
all losses and new levels as each span 
measurement or device selection is entered. 

HARDWARE 

Cox Cable Communications, Inc. (CCCI) 
has chosen Wang Laboratories Model 2200 
computers for use in system design. While 
other computer manufacturer's equipment 
can duplicate most if not all the features 
incorporated in the Wang 2200 systems, 
Wang offers excellent dependability at a 
comparatively low price. 
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CCCI currently uses four 2200 systems 
in the Design Department. All four sys­
tems are multiplexed to a dual diskette 
drive and a 120 character per second 7x9 
dot matrix printer. 

The dual diskette drive provides 524, 
288 bytes of off line storage of programs 
and data. Disk based storage is preferred 
to cassette tape based storage. Disk sys­
tems have a much faster transfer rate than 
cassette tape systems, and disk provides 
direct access to stored data. In contrast, 
data is stored and loaded sequentially on 
cassette tape systems. 

The Wang 2200 series of computers are 
8-bit word length machines. The language 
(BASIC) and its compiler are stored in ROM 
(42.5K). Storage and transfer code is 

ASCII. 

Each CCCI computer is equipped with 
16K (16,384 bytes) of Random Access Memory 
(RAM). Seven hundred bytes of RAM are 
required to interface RAM and ROM, leaving 
15,686 bytes of user-available RAM. 

CCCI's Wang computers are equipped 
with several features that have proven to 
be invaluable both in the writing of pro­
grams and in actual design. 

16 User Defined Special Function Keys. 
The 16 Special Function keys allow single 
key stroke access to any of 32 custom sub­
routines. All active and passive CATV 
devices are selected using one of the 
Special Function keys for both Design and 
Bill of Materials. 

Separate Numeric Keypad. All four 
CCCI computer keyboards are equipped with 
calculator format numeric keypads. This 
simplifies entry of numeric data (such as 
span footages) and minimizes entry errors. 

Programmable Audio Signal. A 960 Mz 
beep tone may be program-activated on all 
four computers. This beep tone serves as 
an alarm to alert a designer that an entry 
error has been made or some pre-assigned 
design parameter has been exceeded. 



Edit Capability. Computers that are 
not equipped with edit functions force a 
programmer to re-enter an entire line of 
program text if an error is made while 
entering the line. With edit capability, 
the programmer is only required to correct 
the specific error. 

The Wang 2200 system's program lan­
guage is BASIC (Beginner's All Purpose 
Symbolic Instruction Code). BASIC is the 
most common higher level computer language 
which uses many close-to-English key words. 
It is the simplest of all computer lan­
guages to learn. 

SOFTWARF 

An effective computer-aided CATV 
design program must meet the following 
criteria: 

1. All cable losses, insertion 
losses, and operating levels must be 
stored in memory and accessed under pro­
gram control. 

2. A single program must function 
for design of both trunk and feeder. 

3. Operation of the program should 
be simple enough that a person not famil­
iar with computer hardware or computer 
programming can nonetheless be an effec­
tive CATV system designer. 

4. Bill of Materials should be corn­
piled in a step after completion of raw 
design. Attempting to compile Bill of 
Materials as a part of the design process 
only serves to slow the designer and 
lessen the accuracy of the completed Bill 
of Materials. If necessary, a designer 
must be able to go back over previously 
completed work and make changes without 
concern for previously "SAVED" materials. 

5. The computer should function as a 
"TOOL" for the designer. Decisions 
regarding placement of amplifiers and 
cable routing are still best left to the 
human designer. 

DESIGN 

Figure 1 is a simplified flow chart 
for CCCI 's CATV design program. To con­
serve memory, the design program is 
actually two programs chained together. 

Program "DES-1" assigns the following 
design parameters to the proper array 
variables for subsequent use in the pri­
mary design program ("DES-2"): 

l. All cable losses for both high 
and low design frequencies. (1.000 in. 
Trunk, .750 in. Trunk, .500 in. Feeder, 
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and .412 in. Feeder) 

2. All operating levels for both 
Trunk and Feeder amplifiers. 

3. All directional tap values and 
insertion losses. 

4. All passive device losses. 

The designer is given the option of 
changing any or all levels or losses to 
meet different job requirements. (In 
practice all major system designs have a 
disk dedicated for that system's levels 
and losses.) If no changes are desired, 
the computer will load program "DES-2" 
over "DES-1". All variables assigned in 
program "DES-1" remain in memory for use 
in "DES-2". 

No attempt is made to compile Bill 
of Materials while designing for reason 
previously mentioned. Compiling the Bill 
of Materials is the final step in the 
design process. 

All active and passive devices are 
selected with a user defined Special Func­
tion Key. The Special Function Keys 
access subroutines (smaller programs with­
in a larger program) which assign the 
selected active device output levels or 
subtract the selected passive device 
insertion losses. 

The designer is free to move from 
Feeder to Trunk or from Trunk to Feeder at 
will. The numbers 1, 2, 3, 4, and 5 are 
used by the program as code numbers. By 
entering the proper number, the designer 
may select Bridger outputs (1, 2, 3, or 4) 
or Trunk output (5). 

The design program is written to be 
interactive. The designer enters strand 
footages or selects devices in response 
to CRT-displayed prompts. 

Note: All references within the 
design program flow chart (Figure 1) to 
"Print" are CRT displays. 

BILL OF MATERIALS 

The Bill of Materials for completed 
design is compiled as a final step in the 
design process using the programs shown 
in the simplified flow charts in Figures 
2 and 3. 

The Compiling Program (Figure 2) is 
used to total all cable, passive devices, 
active devices, and connectors for a sin­
gle map or power supply. 

The numbers 1, 2, 3, or 4 are used 
as code numbers by the program, allowing 



the Bill of Materials Clerk to change 
cable sizes at will. (l for 1.000 Trunk, 
2 for .750 Trunk, 3 for .500 Feeder, and 4 
for .412 Feeder.) 

All active and passive devices are 
counted with a single key stroke using the 
proper user-defined Special Function Key. 

Connectors are counted automatically 
under program control. Connector size is 
determined by the selected cable size. 
Connector quantity is equal to the number 
of connectors required for the selected 
device. 

When all devices and cable for the 
map or power supply have been entered, the 
Bill of Materials Clerk will obtain a 
printout of the totals. 

The Printout Programs (Figure 3) are 
loaded under program control. The Indi­
vidual Map Printout program section pro­
vides the printout for the material 
counted with the Compiling Program. Fig­
ure 4 is a sample printout of a single map 
or power supply. 

When the printout of the single map 
or power supply totals is completed, the 
totals are added to the cumulative total 
stored off line on disk. The updated 
cumulative totals are resaved on the disk 
and the Cumulative B.O.M. Printout program 
is loaded. 

The Cumulative B.O.M. Printout pro­
gram will print out an updated total of 
all material counted. This printout also 
includes the cost of each item, the 
extended costs, and total per mile costs 
for Cable, Directional Taps, and Electron­
ics. Figure 5 is a sample Cumulative Bill 
of Materials printout. 

SUMMARY 

Using computer-aided methods, Cox 
Cable Communications, Inc. continues to 
develop all new system design in-house. 
The overall cost savings is significant, 
however equally important is the control 
over production obtained by not relying on 
outside sources for system design. 
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DESIGN OF FIBER OPTIC BASEBAND VIDEO SYSTEMS 

T. Witkowicz 

Valtec Corporation 
99 Hartwell Street 

West Boylston, MA. 01583 

ABSTRACT 

Design of fiber optic single channel 
video systems is discussed. Attainable 
unrepeatered system length, and system 
performance are given. A discussion of 
source and detector selection, receiver 
sensitivity, fiber bandwidth, and the 
effect of nonlinear distortions are pre­
sented. 

INTRODUCTION 

Considerable effort has gone into the 
design of various fiber optic digital sys­
tems; consequently, the technology as it 
applies to that field is well under­
stood[l]. The application of optical 
fiber to the transmission of analog sig­
nals has been less intensive, mainly be­
cause of technical limitations and lower 
demand. Nevertheless, fiber optics is be­
ginning to make inroads into the analog 
market[2] although on a lower scale. 

The following is a discussion of the 
basic system design considerations for an 
application requiring the transmission of 
baseband video signal over a fiber optic 
cable. 

SYSTEM DESCRIPTION 

A fiber optic video transmission sys­
tem is functionally similar to other 
cable systems - it consists of a line 
driver{transmitter), cable, and a line 
receiver. However, the way in which these 
components are implemented in fiber optic 
systems differs drastically from conven­
tional cable systems. 

The transmission medium is completely 
dielectric, and therefore, does not con­
duct electric currents. The information is 
carried through the cable via the intens­
ity modulated light beam. Consequently, 
the function of the line driver and that 
of a line receiver is to interface between 
the electrical medium and the optical 
fiber. A block diagram of a fiberoptic 
transmission system is shown in Fig. 1. 
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At the transmitter end, a composite 
video signal from a camera or a VTR is fed 
through a 75Q coaxial patch cable to a 
voltage to current converter. The result­
ing current drives either a Light Emitting 
Diode{LED) or an Injection Laser Diode 
{ILD) which generates a light signal with 
intensity proportional to the voltage of 
the composite video signal. This intensity 
modulated light is coupled into a fiber 
pigtail which guides the light into the 
optical cable. The transmitter is con­
nected to the cable via a demountable 
fiber optic connector. The light, once in 
the cable, travels within the glass fiber 
where it undergoes attenuation and band 
limiting. 

At the receiver end of the system, a 
photodetector converts the light signal 
into electrical current which in turn is 
amplified and processed to give a compos­
ite video signal identical to the signal 
at the output of the video camera. As a 
result of the processing performed at the 
receiver, the fiber optic system appears 
transparent to the electrical signal, and 
in a properly designed system, minimally 
degrades the video quality. 

The maximum distance over which a 
video signal can be transmitted depends on 
the available transmitter power, receiver 
sensitivity, and the cable loss per unit 
length. The distance{in km) is given by 
equation 1: 

L = {1) 
A 

Where PT is the optical power coupled into 
the fiber by the transmitter{in dBm), Ac 
is the attenuation{in dB) of a single op­
tical connector, P~ is the minimum light 
power{in dBm) requlred to obtain a speci­
fied signal to noise ratio, and finally, 
A is the attenuation of the fiber optic 
cable per unit length{in dB/km). The in­
dividual system parameters are determined 
by the choice of components and the design 
of electronic circuitry. 



SYSTEM COMPONENTS 

Transmitter 

The critical design consideration for 
a transmitter is the selection of a light 
source. Ideally, in order to assure maxi­
mum transmission length, a source that 
yields maximum undistorted light signal 
is selected. In practice, however, the 
system cost and its reliability must also 
be considered. Three types of light emitt­
ing devices are currently used in fiber 
optic communications - a Light Emitting 
Diode(LED), a multimode Injection Laser 
Diode(ILD), and a single mode ILD. Typical 
parameters characterizing these devices 
are listed in Table I. 

Light power 
coupled into a 
5 mil fiber 

2nd harmonic 
at 75% modula­
tion 

Table I 

LED 

-16 to 
-10 dBm 

-35 dB 

ILD 
multi­
mode 

0 to 
+10 dBm 

-15 to 
-30 dB 

3rd harmonic -45 dB 
at 75% modula-
tion 

Wavelength 

Spectral width 

Projected use­
ful life 

Transmitter 
complexity 

Price, small 
quantities 

840 nm 840 nm 

40 nm 2 nm 

10 years 1-2 
months 

Low 

$100.­
$350. 

High 

$500.­
$1000. 

ILD 
single 
mode 

0 to 
+10 dBm 

-so to 
-60 dB 

< -60 dB 

840 nm 

< 2 nm 

1-10 
years 

High 

$2,500.­
$3,500. 

It can be seen that the multimode 
laser diode is not a good choice for 
application in an analog intensity modu­
lated system primarily because of its 
short life time and very high distortion 
levels. The single mode laser diode is a 
better choice from the performance point 
of view, however, its high price and lack 
of adequate data on its reliability make 
this device an unattractive choice at the 
present time. The LED on the other hand is 
inexpensive, reliable, and has adequate 
performance for most applications of a 
baseband system. 

A typical light vs. current curve for 
an LED is shown in Fig. 2. The light out-
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put power PT can be expressed as a sum of 
current harmonics, as shown below. 

The coefficients a1, a 2 , and a3 are cur­
rent dependent[3], and correspond to the 
fundamental,second and third harmonics re­
spectively. It can be shown that for a 
standard staircase input, the color sub­
carrier compression or the differential 
gain can be approximated by the following 
expression: 

. (1+3.6 a 2 + 10a3 
Diff Ga1n(%)= 

l-2.2a2 + 3.7a3 
1}x 100% 

( 3) 

Using the values for 2nd and 3rd harmonic 
listed in Table I, the differential gain 
is calculated to be 14% at 75% modulation. 
If the modulation index is decreased to 
50%, the 2nd and 3rd harmonics drop to 
approximately -38 and -50 dB respective­
ly[3] yielding a differential gain of 9% 
which is an acceptable level in a large 
number of applications. 

The differential phase is more diffi­
cult to calculate. Experimental results 
show it to be less than 3° in most devices. 

Cable and Connectors 

Both the cable and connectors intro­
duce loss into the system. The connector 
losses stem from fiber misalignments and 
variations in parameters between the two 
fibers being joined. Commercially avail­
able connectors exhibit losses that range 
anywhere between 0.5 dB and 2 dB. 

The fiber exhibits two types of 
losses. One similar to the ohmic loss in 
the coaxial cable is caused by light 
scattering and absorbtion in the glass 
medium. This loss is uniform over the en­
tire fiber bandwidth, and ranges between 
4 and 5 dB/km for currently available 
fiber cables. The other type of fiber loss 
is frequency dependent and, as in coaxial 
cable, limits the useful bandwidth. The 
bandwidth depends on the light source used, 
and for ILD's a typical fiber will exhibit 
a 3 dB bandwidth of 300-400 MHz over the 
distance of 1 km. When an LED is used as a 
source, the available bandwidth is consid­
erably lower. An approximate experiment-· 
ally determined relationship between fiber 
bandwidth F and its length L is given be­
low. 

F 45 MHz/L(km) ( 4) 

Therefore, a 2 mile long fiber cable will 
have a 3 dB bandwidth of 14 MHz, which is 



more than necessary to transmit a base­
band video signal. 

Receiver 

The primary objective in designing a 
receiver circuit is to maximize the signal 
to noise ratio at the output of the trans­
mission system. This objective is achieved 
by first maximizing the power transferred 
between the photodetector and the preamp­
lifier and, second, by minimizing the 
noise power introduced by the preamplifier 
circuit. 

The photodetector appears as a nearly 
ideal current source; therefore maximum 
power transfer is achieved with a high im­
pedance preamplifier circuit[4). In order 
to maximize the power transfer over the 
entire frequency range of interest, a 
circuit with high input resistance and low 
input capacitance must be used. In order 
to minimize noise power introduced by the 
preamplifier, current noise sources must 
be minimized. This implies that transist­
ors with low input bias currents and high 
internal gains must be employed. 

A preamplifier design utilizing a 
Field Effect Transistor(FET) as a first 
gain stage satisfies all of the above re­
quirements[5]. It is well known[6] that 
the equivalent noise current, that is, the 
current that would have to be present at 
the input to the preamplifier to produce 
the measured noise voltage at the output, 
can be written as the following integral: 

(5) 

Where B is the receiver bandwidth, q -
electron charge, IB - average photo­
current, M- detector noise factor, k -
Boltzman constant, T - temperature in °K, 
g - FET transconductance, G - photodetect­
or internal gain, Ci - input capacitance 
of the preamplifier, w - frequency in 
radians. The first term represents the 
shot noise generated by the photodetector. 
The second term represents the effective 
thermal noise of the input resistors. 
Here, the effect of high input resistance 
is seen. The higher the resistance, the 
lower the effect of thermal noise. Final­
ly, the last term represents the effective 
noise caused by the presence of input 
capacitance. The smaller the input capaci­
tance, the lower the signal loss at higher 
frequencies, and therefore, the lower the 
effect of transistor noise. The signal to 
noise ratio is simply the ratio of peak 
signal photocurrent squared(Is2) to In2· 

Two types of photodetectors are used 
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in fiber optic receivers - a PIN diode for 
which M=G=l and an Avalanche Photodiode 
(APD) which exhibits internal gain G and 
whose noise factor M is gain dependent[?]. 
In systems employing APD's, the gain G is 
adjusted to minimize In2· This effectively 
puts the receiver noise into the shot 
noise region, i.e., the first term in 
equation 5 is made dominant. In baseband 
video systems however, where the required 
signal to noise ratio is high, the average 
photocurrent level IB is such that even 
with G=l and M=l, the first term is domin­
ant. For example, in order to attain a 
signal to noise ratio of 50 dB in a typi­
cal receiver(Ck=lOpF, Ri=300 k~, g=4 mhos, 
B=4.5 MHz), in a system where Is=0.5IB, 
the required average current is l~A. Sub­
stituting these parameters into equation 5 
one finds that the first noise term is 
three times the sum of the other two 
terms. Therefore, it is easy to see that 
for systems requiring the signal to noise 
ratio in the vicinity of 50 dB, both the 
PIN and APD diodes have similar perform­
ance since both keep the receiver noise 
in the shot noise limit. Since PIN is 
considerably easier to use, most designs 
employ PIN photodetectors. Using the 
typical receiver parameters listed above 
and the PIN light to current conversion 
constant of 0.5 Amp/Watt, the sensitivity 
of the receiver, that is, the light power 
required to produce a signal to noise 
ratio of 50 dB, can be determined. For a 
50% carrier modulation, the average re­
ceived power should be 2~W(-27 dBm). 

SUMMARY 

Using Equation 1 and typical system 
parameters given in previous sections, 
i.e. PR = -27 dBm, a maximum unrepeatered 
system length can be calculated. This 
length for a system exhibiting an un­
weighted signal to noise ratio of 50 dB in 
4.5 MHz bandwidth and differential gain 
less than 10% is 2.8 km. If the single 
mode laser is used in the transmitter cir­
cuit, the system length can be extended by 
an additional 3-4 km. 
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DEVELOPMENT OF A CATV 

TECHNICAL PRACTICES MANUAL 

Michael McKeown 
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ABSTRACT 

A Technical Practices Manual as 
described in this paper can be considered 
a company operations manual for the tech­
nical personnel in a cable television 
(CATV) system. As a fast growing multi­
ple system operator (MSO) Cox Cable saw a 
need to document and codify its techni-
cal practices to provide new systems with 
proven operational standards and proce­
dures and help insure that its geographi­
cally widely spread existing systems met 
uniformly high operating standards. In­
cluded in this paper are the concepts in­
volved in producing such a document and 
limited excerpts from the Technical Prac­
tices Manual which resulted from this work. 

INTRODUCTION 
It is the objective of this paper 

to document the need for a Technical Prac­
tices Manual in CATV operation and provide 
information on how to produce such a manu­
al. This will be done by tracing the 
steps involved in producing the Cox Cable 
Communications (CCC) Technical Practices 
Manual on a "case history" basis. This 
"case history" will start with an examina­
tion of the need for a manual and a sub­
jective cost vs. benefit analysis. The 
planning, acquisition of input, organiza­
tion, and mechanical preparation are cov­
ered next. Finally, conclusions regarding 
the work already completed and suggestions 
for future work and other possible uses of 
the manual are dealt with. 

THE NEED 
A Technical Practices Manual is 

fundamentally an organizational guideline 
which sets forth broad company policy and 
prescribed procedures in the technical 
area of CATV operations. As an admini­
strative guide it can serve to inform all 
technical personnel of the philosophy and 
business concepts of top management. For 
CCC the decision to produce a Technical 
Practices Manual carne because of several 
anticipated reasons: l)accele~ated growth, 

20 

2) an increased number of employees re­
quiring training, 3) new systems being 
turned on, 4) a desire to provide greater 
continuity to the company's operation 
should key technical personnel leave or 
become unavailable. 

A Technical Practices or Opera­
tions Manual is probably needed if any of 
the four areas above apply to an organiza­
tion. 

A successful Technical Practices 
Manual can help a cable operator: 

* ensure continuity despite chang­
es in personnel or management 

* create more efficient operation 
procedures 

* create a valuable technical 
training tool 

* define goals and ways to achieve 
them 

* relieve technical management 
from the constant press and in­
volvement in details 

* improve intercompany communica­
tions 

* provide better employee rela-
tions 

As a training tool the manual is invalu­
able to introduce new employees to the 
companies' policies and practices. A more 
efficient organizational structure can re­
sult from the creation and use of a Tech­
nical Practices Manual since people who 
better understand what they are to do and 
how to do it tend to do it better. How 
often have we heard the lament of the em­
ployee who says, "I did not know what you 
wanted me to do." Further, it can help 
people view their position in terms of 
long-range rather than short-range goals. 

Expansion is simplified when ex­
isting procedures are documented in an 
operations manual and new policy and prac­
tices can be more easily incorporated in a 
set of guidelines already established and 
well known in the organization. 

PLANNING 
Once the decision is made to pro­

duce a manual an individual or department 



must be charged with the task. Before 
beginning, careful planning and sched­
uling of the project should take place. 
The best choice of a person to handle the 
job is a technically competent individual 
with a broad perspective of the technical 
operation and the ability to express him­
self well in writing. Lacking that com­
bination of talents in one person, it is 
best to team a good writer with an engi­
neer. As a first step in planning, ob­
jectives must be set. The reasons for 
having a manual, previously discussed, 
can become a foundation for the ·objec­
tives of a Technical Practices Manual. 
At this point it is useful to jump ahead 
a bit and use an excerpt from the INTRO­
DUCTION section of the Technical Prac­
tices Manual. 

SECTION 1 
January, 1979 

TECHNICAL PRACTICES 
INTRODUCTION 

The construction and operation of 
a cable television (CATV) system requires 
the coordinated contributions of many 
talented people. A typical CATV system 
has a system manager managing and devel­
oping people involved in office, sales, 
engineering, installation, and construc­
tion activities. Their mission or con­
tinuing purpose in operating the system 
is: 

To provide cable television ser­
vice to an ever-increasing number of sat­
isfied customers at a profit sufficient 
to assure the growth, improvement, and 
continuity of the company and the people 
in it, and to contribute to the community 
in which they operate. 

The purpose of this Cox Cable 
Communications (CCC) Technical Practices 
Manual is to aid engineering, installa­
tion and construction personnel in accom­
plishing the mission stated above. The 
key areas in which technical personnel 
can produce results which help accomplish 
the mission are: 

1. Improved customer service by 
improving the reliability and 
quality of the service. 

2. Increased professionalism of 
technical personnel. 

3. Lowered operating.expenses. 

4. Increased useful life of com­
pany property. 

The technical practices contained 
in this manual serve as a basic reference 
text in the technical operations of a 
CATV system. Cox Cable systems range in 
size from under 1,000 to over 165,000 
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subscribers. Since each system and the 
community it serves is unique no written 
document could hope to cover every situa­
tion. This manual was conceptualized as 
a set of guidelines and a training ref­
erence rather than a hard and fast set of 
rules. It is not intended to be a substi­
tute for common sense and individual ini­
tiative and judgment. 

This manual contains no secrets 
and while its distribution has been limit­
ed to Cox Cable technical management per­
sonnel, its use and readership can and 
should include all CCC technical person­
nel. When wider distribution is required 
it is suggested that the relevant section 
or sections be duplicated and posted or 
given to each individual. No part of this 
manual should be "borrowed" or permanently 
removed. 

Your suggestions regarding errors 
or suggestions for improvements are wel­
come and encouraged. Refer to Practice 4 
"Suggestion/Complaint Report Form" and ad­
dress your comments to the Vice President­
Engineering, Cox Cable Communications, At­
lanta, and your Division Engineer. 

(END OF SECTION 1 EXCERPT) 

With the objectives clearly set it 
is useful to prepare an outline of the 
general topic areas to be covered. This 
organization step is important since it is 
the skeleton of the manual to which the 
"meat" will be added later to make it com­
plete. It will also greatly affect the 
ease with which the finished product can 
be used. Initially the general topic are­
as included DESIGN/STANDARDS, EQUIPMENT 
REPAIR, PREVENTIVE MAINTENANCE, and others 
with individual sections of technical 
practices such as Earth Station, Micro­
wave, Headend, Studio and DistributiOn 
system in each general topic area. This 
approach was later abandoned for one where 
general topic areas included EARTH STA­
TION, MICROWAVE, HEADEND and DISTRIBUTION 
SYSTEM with individual sections in each 
coverlng subjects like Design Standards, 
Corrective Maintenance, and Preventive 
Maintenance. It was felt that this makes 
the use of the manual easier and more 
closely parallels the job functions in a 
medium or large cable system where one 
person is more likely to be involved in 
many aspects of the distribution system 
than he is working on preventive mainte­
nance for earth station, microwave, head­
end and distribution equipment, In a 
smaller system where one individual may, 
indeed, perform preventive maintenance on 
all parts of the system the final struc­
ture of the manual still proves useful 
since he/she can find all material deal­
ing with a particular location, i.e., 
earth station or studio under one general 
topic area of the manual. 



The general topic areas are: 

FoRWARD 
CoNSTRUCTION 
CusTOMER SERVICE 
DISASTER PLAN 
DISTRIBUTION SYSTEM 
EARTH STATION 
HEAD END 
INSTALLATION 
MICROWAVE 
REGULATORY 
SAFETY 
STUDIO 
SuBSCRIBER TERMINALS 
TEST EQUIPMENT 
TRAINING 
Two-WAY RADIO 
VEHICLES 
HAREHOUSE 

A more detailed explanation of 
the "organization and use of the Manual" 
can be found in Section 3 which is re­
printed, in part, below: 

SECTION 3 
January, 1979 

TECHNICAL PRACTICES 

ORGANIZATION AND USE OF THE MANUAL 

ORGANIZATION 
The CCC Technical Practices Manu­

al contains an INDEX followed by numbered 
sections. The INDEX contains a Table of 
Contents grouped in general topic areas 
such as CONSTRUCTION, CUSTOMER SERVICE, 
HEADEND and EARTH STATION. Each general 
topic area is broken down into more speci­
fic numbered sections which can be locat­
ed using the numbered tabs in the binder. 
In the INDEX each section title and num­
ber is followed by an issue number if 
other than the original issue. The Table 
of Contents itself has an issue date and 
an issue number (if other than the first, 
original issue) in the upper right hand 
corner of each page. 

Note that each general topic area 
such as CUSTOMER SERVICE or STUDIO begins 
with a General Section and ends with a 
Forms, Systems, Files section followed by 
a System Information section. The Gen­
eral section of each topic area serves as 
an index to the individual practices in 
that topic area and an introduction to 
the material to be covered. It may also 
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contain, by default, any material which 
did not fit into the other practices. The 
Forms, Systems, Files Section contains 
copies of all applicable forms, flow chart 
diagrams showing their distribution and 
use, and information regarding record re­
tention and how they are to be filed. The 
System Information Section provides each 
individual system a place to document in­
formation pertaining to the general topic 
area which is unique to their system. 

SECTION FORMAT 
Each section covers a specific 

subject under a general topic area. For 
instance, the topic of SAFETY consists of 
the following SECTIONS: General, Safety 
Manual, and System Information. Each sec­
tion is an individual Technical Practice. 
These are identified by a SECTION number, 
an issue date, and an issue number if it 
is not the original issue. This informa­
tion can be found in the upper right hand 
corner of each page. 

Each individual page of a Techni­
cal Practice will be numbered in the lower 
right hand corner of the page practice 
starting with one (1) for each Technical 
Practice. The last page of each Technical 
Practice wi'll include a page number and 
below that the total number of pages in 
the practice. See the last page of this 
practice for an example of this. This 
procedure should help manual users make 
sure they have a complete copy of the par­
ticular Technical Practice. 

The next page of this practice, 
Technical Practice 3, is an example of the 
page format used throughout this manual 
and contains information on the format and 
content of the Technical Practices. 

FORMAT 

The format of each Technical 
Practice will generally follow the struc­
ture outlined below. 

* Heading (title, number, issue, 
subject, date, effective date) 

* Purpose 

* General (background) 

* References 

* Policy 

* Procedures 

* Attachments/exhibits (forms) 

* Endorsements/approvals 

Not all of these items are con­
tained in every CCC Technical Practice. 
What must be included in every Technical 
Practice is a "purpose." In defining a 
purpose the following items should be con­
sidered: 



* Why is this policy necessary? 

* What does it attempt to accom-
plish? 

* Who will read it and why? 

* Whom does it affect? 

* What action, if any, will/should 
those who read it take as a re­
sult of reading it? 

* Is there any reason this policy 
cannot be written in imperative 
or narrative style rather than a 
legalistic-definitional style? 

* If it must be written in legal­
istic style, is there any rea­
son it cannot be humanized, by 
direct reference to the (classes 
of) people involved and what ac­
tions they should take? 

(END OF SECTION 3 EXCERPT) 

SCHEDULING 
While still in the planning stag­

es of a manual for your organization, a 
schedule from start to the finish, when 
the manual is actually issued, should be 
worked out. Management planning techni­
ques such as PERT, an acronym, for "Pro­
gram Evaluation and Review Technique", 
can prove very useful. It should be ap­
parent now that the scope of this project 
is quite large, if not enormous, and it 
is not likely that one person has the ex­
pertise, or the time, at least in this 
lifetime, to write a complete manual cov­
ering every detail. For this reason the 
decision was made at CCC to issue a pre­
liminary edition of the manual "as is" to 
selected personnel. This allowed an ear­
ly introduction to field personnel, addi­
tional input on rough draft or incomplete 
sections, and a structure in which others 
within the company could organize their 
inputs. In addition to being issued in 
an incomplete state, a manual such as 
this is always subject to constant change, 
and the structure must provide for revi­
sions. A portion of SECTION 3 dealing 
with manual revisions is produced below. 

SECTION 3 
January, 1979 

TECHNICAL PRACTICES 
DISTRIBUTION AND REVISIONS 

DISTRIBUTION 

This manual has been issued to 
the CCC employee listed on the front page 
and is for his/her use. It is not to be 
copied or distributed outside the CCC or­
ganization without the express consent of 
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the Vice President-Engineering, Atlanta. 
The person this manual has been issued to 
is responsible for its safekeeping, updat­
ing with revisions issued by CCC, and its 
return to the Company at the end of his/ 
her employment with CCC. The postcard 
form contained in the front of the manual 
should be returned to Atlanta when the 
manual is turned over to another person to 
ensure that future revisions or editions 
are directed to the proper person. 

MANUAL REVISIONS 
Revisions to this manual will be 

issued from time to time as a result of 
the need to cover new areas of technical 
operations or update old practices. These 
will usually come as the result of sugges­
tions received from system personnel using 
the manual. Each revision will contain: 

* Transmittal letter with instruc­
tions on including the new or re­
vised practice in your manual. 

* Revised "Table of Contents" (if 
necessary). 

* New or revised Technical Practice. 

After inserting the revised "Table 
of Contents" and new or revised Technical 
Practices in your manual, place the Trans­
mittal Memo, old "Table of Contents" and 
any pages removed in the rear of the bind­
er. It is suggested that the Transmittal 
Memo J.nd old "Table of Contents" and any 
pages removed be placed in the rear of the 
binder. It is suggested that the Trans­
mittal Memo and old "Table of Contents" be 
retained permanently and any other removed 
pages discarded after twelve (12) months. 
This will help you ensure that your manual 
contains all current revisions and the 
history of any revisions can be quickly 
reviewed. A sample Transmittal Memo is 
included as a part of this practice. 

SAMPLE TRANSMITTAL LETTER 

Date 

NOTICE OF MANUAL REVISIONS 

The accompanying new and revised 
pages, comprising of 5 sheets, (10 pages) 
are to be incorporated into your CCC Tech­
nical Practices Manual by making the fol­
lowing page removals and insertions: 

REMOVE 

Section 

INDEX 

7 

25 

Issue 

2 

2 

1 

INSERT 

Section 

INDEX 

7 

25 

Issue 

3 

3 

2 

It is suggested that you do not discard 
any pages. The pages you have removed 



should be filed in the rear of the binder 
along with this Notice of Manual Revi­
sions. Retain this Notice and any old 
Index section "Table of Contents" perma­
nently. Retain for reference purposes 
the other sections replaced for twelve 
(12) months from the date above. 

(END OF SECTION 3 EXCERPT) 

OBTAINING INPUT 

Perhaps the best starting point 
in gathering information or input for the 
project is to conduct personal interviews 
with key individuals. For an MSO This 
would mean the Director of Engineering, 
Staff Engineers, Purchasing Agents, Divi­
sion and Regional Engineers. At the sys­
tem level this involves the System Engi­
neer, Chief Technician, Construction Sup­
ervisor, Install Foreman and Warehouseman. 
They can provide valuable input regarding 
existing company policies, some of which 
may already be documented by internal com­
pany policy memorandums. This is a good 
time to look and listen. Do not try to 
rewrite the book on company operations. 
A Technical Practices Manual will only be 
successful if it is used and initially it 
will only be used if it reflects the pre­
sent way of doing things and makes use of 
the valuable input received from key indi­
viduals. The manual is a bit of a public 
relations project and must be "sold" to 
its future users. 

Standard industry practices such 
as the use of .412" and .500" aluminum 
cable may not require documentation in a 
company Technical Practices Manual, but 
each should be reviewed for inclusion 
since what is obvious to the experienced 
engineer may not be to the CATV newcomer. 
Several organizations issue standards in 
the United States, including the NCTA, 
IEEE, FCC and the ANSI (American National 
Standards Institute). Those standards 
which affect CATV should be included at 
least by reference. CATV manufacturers 
also have a wealth of information which 
they have made available to the industry. 

Correspondence and person-to­
person interaction with other cable oper­
ators can provide invaluable input and 
help prevent you from "reinventing the 
wheel." Much of the background material 
for the Technical Practices Manual came 
as a result of participation by Cox Cable 
engineers on the NCTA Engineering Advis­
ory Committee (EAC) and Operating Proce­
dures Subcommittee. 

ORGANIZING THE INPUT 

Once the input reference materi­
al had been gathered and separated into 
the general topic areas previously 
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discussed, it became necessary to expand 
on these general areas. Subdividing the 
manual into many sections allows the user 
faster access to the specific information 
he needs. An additional benefit for the 
writer is that it breaks up the project 
into manageable "bites" which can be han­
dled one at a time. It also facilitates 
issuing a partially completed manual since 
missing sections can be added to the 
framework at any time. 

Appendix A is a complete listing 
of the Table of Contents for the Technical 
Practices Manual. The topic areas are, 
for the most part, self-explanatory, with 
the exception, perhaps, of the DISASTER 
PLAN. The sections contained under this 
topic area are contingency plans in the 
event a part of the system was destroyed 
in whole or part by a manmade or natural 
disaster. Imagine, if you will, the use­
fulness of preplanning should your headend 
be destroyed for any reason. 

Because of their bulk and neces­
sary wider distribution the Contruction 
Manual, Technician's Manual, Installer's 
Manual, and Safety Manual are not included 
in the Technical Practices Manual but only 
referenced. 

MECHANICAL PREPARATION 
How to package the finished pro­

duct is the next step. Remember that this 
involves some public relations aspects in 
addition to the more mechanical considera­
tions such as number of pages. You must 
"sell" the manual to its future readers. 
A professional looking binder and approach 
to page layout will increase the useage of 
the manual. Since frequent revisions are 
expected a standard three-ring binder for 
an 8~" x 11" page was chosen. A 2" wide 
binder is a good choice since bigger bind­
ers are harder to use and their bulk usu­
ally means wrinkled or torn pages. Plas­
tic "sheet protectors" should be used at 
the front and rear of the binder. Pockets 
on the inside covers can provide a handy 
place to store other written material. A 
second 2" wide volume is anticipated, in 
the near future, to handle the large 
amount of material. A distinctive printed 
cover sheet was produced which was cut in­
to three sections corresponding to the 
front and rear covers and spine of the 
binder. These were then "heat sealed" to 
the binder using a clear plastic. This 
produces an attractive and durable binder. 
This type of binder is expensive, five to 
seven dollars each, even in quantities of 
fifty. If only a few copies are required 
a standard binder is recommended. It can 
be customized, inexpensively, by printing 
directly on the vinyl cover. 

The tabs are custom printed with a 
complete set containing 109 tabs titled 
INDEX and 1, 2, 3 .... 107, and 108. Each 
tab is plastic coated and ring binder 



holes are plastic reinforced. The tab 
sheets themselves are of paper stock con­
siderably heavier than that used to print 
the pages. All of this should help to 
extend their life under heavy useage. 
These customized tabs are very expensive 
(approximately $55 per set) in small 
quantities, and a printer considers 50 
sets a very small quantity! If you are 
producing only a few volumes, use clear 
plastic tabs which can handle insertable 
titles. 

The number of pages in the 
initial edition was estimated to be 400. 
Several methods of reproducing these were 
considered, including typesetting and 
printing, photo-offset printing of typed 
copy and use of the office copying rna­
chine. Typesetting produces very profes­
sional copy with left and right justified 
margins. It also allows approximately a 
50% reduction in the page total. For com­
parison purposes typesetting costs ap­
proximately $25 per page when printing 
five hundred (500) pages on two hundred 
and fifty (250) sheets, i.e., printed 
front and back. Typesetting was rejected 
as too expensive and lacking the flexibil­
ity to issue small revisions later which 
matched the original printing style with­
out going back to the printer. The of­
fice copying machine is the least expen­
sive alternative for small quantities but 
copies lack the professional "look" that 
was being strived for. An IBM Selectric 
typewriter with a carbon ribbon was used 
to prepare copy which was reproduced us­
ing a photo offset technique. Photo off­
set printing costs about $8 per page in 
250-page quantities. The heatsealed bind­
er, printed and plastic reinforced tabs 
and the photo offset pages produced a 
finished and professional appearance. 

CONCLUSIONS 

A continuing effort is underway 
to complete sections of the manual and 
add substance to the skeletal framework 
described in this paper. Farming out of 
certain sections to inhouse experts in a 
particular field is being pursued in 
order to reduce the enormity of the task. 
Even if you have little desire to produce 
a formal Technical Practices Manual, it 
is suggested that, perhaps, the Table of 
Contents could serve as guide in filing 
and retaining the memorandums issued in 
your organization. After a period of 
time an accumulation of information 
should occur which will provide you with 
a fairly concise and complete technical 
operations guide. 

A possibility for future work in 
this area might involve the National Ca­
ble Television Association (NCTA} or So­
ciety of Cable Television Engineers (SCTE} 
providing binders, tabs and a partial set 
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of technical practices as a sort of "seed" 
kit to interested cable operators. NCTA 
or SCTE members could provide information 
leading to the issue of suggested techni­
cal practices on a regular basis. This 
might help produce a reference handbook in 
the cable industry akin to the National 
Association of Broadcasters (NAB) Engi­
neering Handbook which, in its several re­
visions, has served the broadcast industry 
so well. 
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APPENDIX A 

TECHNICAL PRACTICES 

TABLE OF CONTENTS 

FORWARD 

Introduction 
Company History and 

Organization 
Use of the Manual 
Technical Suggestions/ 

Complaints 

CONSTRUCTION 

General 
Graphic Symbols 
Clearances 
Construction Manual 
Forms, Systems, Files 
System Information 

CUSTOMER SERVICE 

General 
Service Standards 
Service Call Procedures 
Technician's Manual 
Test Equipment and Tools 
Forms, Systems, Files 
System Information 

DISASTER PLAN 

General 
Microwave 
Earth Station 
Headend 
Distribution System 
Office 
System Information 

DISTRIBUTION SYSTEM 

General 
Design/Standards 
Preventive Maintenance 
Signal Leakage {Ingress & 

Egress) 
FCC Proof of Performance 
New Plant Turn On 
Corrective Maintenance 
Forms, Systems, Files 
System Information 

EARTH STATION 

General 
Design/Standards 
Preventive Maintenance 
Corrective Maintenance 

SECTION ISSUE 

1 

2 
3 
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5 
6 
7 
B 
9 

10 

11 
12 
13 
14 
15 
16 
17 

lB 
19 
20 
21 
22 
23 
24 

25 
26 
27 

28 
29 
30 
31 
32 
33 

34 
35 
36 
37 
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EARTH STATION {continued) 

Forms, Systems, Files 
System Information 

HEAD END 

General 
Design/Standards 
Grounding, Bonding, Light-

ning Protection 
Preventive Maintenance 
Corrective Maintenance 
Forms, Systems, Files 
System Information 

INSTALLATION 

General 
Installer's Manual 
Test Equipment and Tools 
Forms, Systems, Files 
System Information 

fHCROWAVE 

General 
Design/Standards 
Preventive Maintenance 
Corrective Maintenance 
Forms, Systems, Files 
System Information 

REGULATORY 

General 
FCC 
State 
Local 
System Information 

SAFETY 

General 
Safety Manual 
System Information 

STUDIO 

General 
Design/Standards 
Operation 
Preventive Maintenance 
Corrective Maintenance 
Forms, Systems, Files 
System Information 

SUBSCRIBER TERMINALS 

General 
Preventive Maintenance 
Corrective Maintenance 
Forms, Systems, Files 
System Information 

SECTION 

38 
39 

40 
41 

42 
43 
44 
45 
46 

47 
48 
49 
50 
51 

52 
53 
54 
55 
56 
57 

58 
59 
60 
61 
62 

63 
64 
65 

66 
67 
68 
69 
70 
71 
72 

73 
74 
75 
76 
77 

ISSUE 



TEST EQUIPMENT 

General 
Preventive Maintenance 
Corrective Maintenance 
Forms, Systems, Files 
System Information 

TRAINING 

General 
Construction 
Installation 
Technician 
Management 
Safety 
Forms, Systems, Files 
System Information 

TWO-WAY RADIO 

General 
FCC Requirements 
Operation 
Preventive Maintenance 
Corrective Maintenance 
Forms, Systems, Files 
System Information 

VEHICLES 

General 
Operation 
Maintenance 
Forms, Systems, Files 
System Information 

WAREHOUSE 

General 
Purchasing 
Inventory Control 
Converter Control 
Forms, Systems, Files 
System Information 

SECTION 

78 
79 
80 
81 
82 

83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 

98 
99 

100 
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EDUCATION - THE MEANS TO AN END 

Thomas J. Polis 

Magnavox CATV Systems, Inc. 
Manlius, tlewYork 

We are an industry which is currently 
enjoying a fantastic growth rate. With the 
advent of Pay Cable, De-regulation and the 
increasing use of the system to provide ser­
vices such as alarm systems, Peak Power 
Management and Data Communications, we find 
ourselves faced with an enormous problem: 
"The Lack of Effectively Trawed Personnel." 
In other industries, this problem can be 
reduced by going to the colleges of our nation 
and select personnel from a large graduating 
roster. Whenever any segment of our industry 
has made this attempt we have all received the 
same basic question: "What is a CATV?" One 
must remember that a successful Institute of 
Higher Learning is based on the employment 
success of its graduating students. Until 
the industry can demonstrate this all impor­
tant employment success rate, the institutions 
will not turn the corner and we will continue 
to play second fiddle to other industries. 

Before we can begin to take steps to correct our 
training problem as an industry, we must first 
define the problem and look for common denomina­
tors as well as evaluate what the various current 
opportunities are. 

When we analyze the problem of education and train­
ing we find that there are three specific areas to 
be considered: 

1. Operating System Technician 

For the most part, these individuals have 
been promoted from lower job levels. A 
great deal of them have no formal train­
ing in electronics. Their knowledge has 
been developed through industry seminars 
and on the job training. 

2. A.A.S. Graduates 

I refer to those people who are graduated 
from a formal 2-year program of elec­
tronics studies. Our industry does not 
enjoy very many entrances of these people 
as the computer industry dominates the 
on-campus interviewing and many students 
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are not aware of the cable industry's opportun­
ities. 

3. A.A.S. or B.S.E.E. Graduates Operating 
as Chief Engineers or Technicians 

These people have advanced via their 
formal background and job experience. 
Their cable TV knowledge has come from 
industry seminars, trade shows, workshops 
and SCTE seminars. 

All three areas have some common denominators: 

1. All have the desire to learn. 

Given the opportunity to attend classes 
or seminars, not one would refuse. 

2. All would like more "hands-on" training. 

Questionnaires from seminars indicate 
that this is a very important factor. 

3. All are weak in test equipment knowledge. 

This is related to the operation and 
theory of test equipment commonly used 
in the cable industry (not knob twisting). 

Armed with this knowledge, we can now begin to 
evaluate our options. 

Problem Area #1 

This is probably our most critical area in our 
operating systems. The day to day routine main­
tenance of the system is in the hands of this 
group. System reliability is most dependent on 
the technician's knowledge. 

At the present time, there are very few programs 
which will produce the results required. Home 
study courses, such as those offered by N.C.T.l. 
are the main source of training. Other corres­
pondence courses on general electronics are also 
available but you must be very careful which one 
is selected. 



In recent months a joint effort has begun between 
the S.C.T.E. and the University of Wisconsin to 
provide the basic knowledge in electronics which 
is so necessary for a fully developed technician. 
I have great hopes for this program and am sure 
that under the watchful eyes of Judy Baer and Jack 
O'Neill that it will be a success. 

The program will cover a lot of territory and will 
require ten days of a technician's time. Some 
people, when surveyed, felt that the time would be 
a "stumbling block" indicating that they cannot 
afford to give up ten days of a technician's time. 
During the course of a year a system operator will 
send his technicians to one or more two to three­
day seminars. The unfortunate thing is that with­
out the basic understanding, very little if any­
thing is gained by the technician. 

Problem Area #2 

We have been spending great deals of money, as an 
industry, on an annual basis to hire technicians. 
Most of the dollars are spent in recruiting tech­
nicians from other operating systems. 

We must take steps to bring new technicians into 
our industry. During a recent trip to many New 
York State Community Colleges, I have found that 
our industry is little known. One school which 
graduates students trained specifically in communi­
cations electronics and augments its training with 
an FCC First Class License Program was not aware 
of the requirements of our industry nor the ad­
vances we have made in two-way communications, data 
communications and space communications. 

The only cure to this problem is to boast our 
industry outside of our industry. School visita­
tions, on-campus recruiting, and invitations to 
placement directors and educators for plant visits 
will go a long way. 

Judy Baer of the S.C.T.E. is preparing a document 
entitled, "Consider a Career in Cable TV" which will 
soon be available for circulation. 

Problem Area #3 

For our industry to advance and create additional 
revenue and gain the recognition it requires, we 
must provide training for our more qualified 
engineers. Currently seminars are the only place 
for this activity. The problem is that seminars 
are now directed at the intermediate technician and 
in most cases provide only knob twisting exercises. 

Specific workshops are needed where concentrated 
effort is given to one or two topics (ie: cross­
modulation or composite triple beat) which are 
peculiar to our industry. 
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Documentation 

If you have ever attempted to find documentation 
on a specific topic matter related to Cable TV, 
you already know the problem. 

A great deal has been accomplished by the S.C.T.E. 
in this area but we have only scratched the sur­
face. 

One additional step which could be taken is to 
form a documents center (possibly via the S.C.T.E.) 
to which papers could be submitted concerning 
technical matters. At the present, only papers 
which are presented at shows such as the National, 
S.C.T.E. Reliability Conference or other major 
shows are published. (Notwithstanding trade 
periodical publications, of course.) 

System Training Programs 

Many systems in an effort to improve the compet­
ence of their technicians, have implemented their 
own training programs. Many of these programs are 
very good in their content but are lacking in the 
manner of presentation. 

Many universities around the country have depart­
ments which could assist in these programs. The 
Syracuse University, for example, has a "Center 
for Educational Development" which we at Magnavox 
have used to assist us in our employee training 
programs. We determine the content of a program 
and they (S.U.C.E.D.) develop the educational 
technology for presentation and assist us on mea­
suring the results of the program. 

Another Option 

Many schools now have "Co-Op" programs. These 
programs are designed to put students in the field 
for work experience during their studies. 

The program is set up with the employer so that 
the student will work for a period of time (3 to 6 
months) and then return to full time studies for 
an equal amount of time. The benefit is that the 
student can readjust his course of study to 
develop skills which he will require in his career 
selection. 

Many states offer financial aid to companies which 
are involved in these types of training activities 
paying in some cases as high as 50% of the stu­
dent's income. 



Summary 

I wish I could say that there are 100 or more 
places where you could sent your people for train­
ing related directly to CATV technology in the 
United States and then list them. Unfortunately, 
there is no such possible list at this time. We 
have taken some major steps forward with the in­
volvement of the S.C.T.E. and the University of 
Wisconsin, but if the entire industry is not in­
volved and get behind this type of program and 
future required programs, we will all be saying 
"What Ever Happened To?",about our options in 
training. 

I have stated before, and I feel it necessary to 
state again, that we as an industry have moved from 
an entertainment service providing television pic­
tures to the home into the "Broad Band Communica­
tions Service" which can, and in some cases now 
does, provide an almost unlimited number of ser­
vices into and out of the subscriber's home. 

Without properly qualified technicians and engi­
neers, the fruits of the past 30 years' efforts 
will die on the vine. 
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EIRP OF THE SATCOM CABLE TELEVISION SPACECRAFT 

John Christopher and Walter Braun 

RCA American Communications, Inc., Piscataway, New Jersey 

This paper will describe the 
field test program undertaken by RCA 
Americom to establish the EIRP of its 
Fl Spacecraft now in orbit. This sat­
ellite is used primarily for cable tele­
vision program distribution. The study 
was performed as a service to the in­
dustry in order to provide actual EIRP 
measurements as opposed to calculated 
predictions. The results of that ex­
ercise will be presented and suggestions 
for prudent system designs for users of 
the Satcom Spacecraft will be put forth. 
This paper will also address the design 
of the Americom F3 Spacecraft to be 
launched in the fourth quarter of 1979. 
Enhancements incorporated for the bene­
fits of the cable television community 
will be presented and projected contours 
will be shown. RCA Americom plans to 
provide actual EIRP measurement results 
for fu~ure satellites used by this in­
dustry. 

Background 
Until June of 1978 all progra~ing 

for the cable television industry's re­
ceive only video services had been pro­
vided on the RCA F2 spacecraft located at 
119° West Longitude. However, because of 
the phenomenal growth being experienced by 
the industry and the even greater progress 
anticipated for its future, it became ob­
vious that greater space segwent capacity 
was required. A decision to move the 
cable traffic from the F2 to the Fl space­
craft located at 135° West Longitude was 
made early in the first quarter of 1978. 
The purpose of this decision was to make 
available a greater number of transponders 
for program material since 12 of the 24 
transponders on F2 were dedicated to 
Alaskan service. 

The transfer of the cable traffic 
was successfully completed by June, 1978. 
As expected, difficulties were encountered 
by some cable systems, particularly in the 
southeastern states, where the signal 
level from Fl is lower than from F2. In a 
number of these locations, the measured Fl 
signal levels appeared to be lower than 
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the calculated values which had been pub­
lished. 

These difficulties led to a deci­
sion to undertake a systematic measurement 
program which would result in a set of mea­
sured EIRP contours. These contours would 
provide cable operators, consultants, and 
earth station manufacturers more precise 
data upon which to base the specification 
of earth station G/T performance at speci­
fic locations. This is a useful service 
to the cable industry, and RCA Americom 
plans to continue it as future satel­
lites are launched which will serve cable 
systems. 

This paper describes the Fl and F2 
measurement program, but before providing 
the details of that effort it is worth­
while to consider what EIRP is and the 
reason for its importance. 

EIRP 
EIRP is an acronym for Effective 

Isotropic Radiated Power. An isotropic 
radiator is one which radiates its power 
equally in all directions. However, a 
communications satellite's energy is con­
centrated by a parabolic antenna so that 
illumination is restricted to a specific 
desired portion of the earth's surface. 
EIRP is computed by adding the output 
power of the final amplifier (Traveling 
Wave Tube) of the transponder less any 
losses due to waveguide, coax, and 
switches, etc. to the gain of the satel­
lite antenna in a particular direction. 
Thus, EIRP is the power that would have to 
be radiated by an isotropic radiator to 
provide the same illumination in a given 
direction as is accomplished by the space­
craft. The line connecting all points of 
equal EIRP in a projection is called a 
contour. It is not the power at the sur­
face of the eart~which will vary due to 
path loss differences, atmospheric ab­
sorption, weather conditions, pointing 
accuracy of the antenna, and other factors. 
Received signal strength must be calculated 
for each location taking such factors as 
may be required into account. Addition­
ally, certain locations may suffer from 
blockage due to trees, multipath effects, 
terrestrial interference, and increased 
antenna noise temperature, all of which 
become worse as the elevation angle of 



the receiving antenna is reduced. Each 
receiving earth station and system must 
be responsibly engineered with its unique 
requirements in mind. The prudent busi­
ness man will insure that his system is 
designed to operate satisfactorily (i.e., 
with adequate margins) not only with a 
specific desired spacecraft but with all 
spacecraft it is potentially likely to 
access. Using approximations and rules 
of thumb is done at the system owner's 
peril. 

Now that we know what EIRP is, why 
is it so important? 

When reduced to its essence, com­
munications systems engineering consists 
of using power and bandwidth to provide a 
desired signal quality to an end user. 
The spectrum available for the cable 
broadcasting services considered in this 
paper is well known and determined by 
the transponder bandwidth (nominally 36 
MHZ). 

Parameters such as top modulating 
frequency and peak deviation have been 
standardized. Thus, the Modulation Im­
provement, that contribution to signal 
quality provided by factors of deviation 
and bandwidth, is essentially fixed. 
The other contributor to signal quality 
is the signal strength or power in the 
communication channel and this is di­
rectly related to the sum of EIRP from 
the spacecraft and the~T of the earth 
station. 

G/T is a figure of merit for sat­
ellite earth stations and refers to the 
receive gain of the earth station an­
tenna at a given frequency less the total 
system noise temperature both expressed 
in dB. 

Assuming a given ~adulation (F~) 
improvement to achieve a tarqet signal 
quality (signal to noise ratio) the EIRP 
and G/T will vary inversely, i.e, if the 
EIRP is increased by 1.0 dB the earth 
station G/T may be decreased by 1.0 dB 
to maintain the same performance. Con­
versely a lower EIRP requires a corres­
ponding increase in G/T. This is the 
pivotal reason for EIRP's importance; 
because G/T is improved in one or both of 
two ways. Either through an antenna with 
higher gain (a larger aperture) , or a re­
ceiver with a lower noise temperature. 
Both of these options cost money. Thus, 
EIRP is inversely related to the cost of 
receive only earth stations; if it goes 
down the cost to maintain the same level 
of signal quality goes up, and vice versa. 

Field Test Program 
In response to the numerous ques­

tions raised about in-orbit performance of 
the Satcom spacecraft and because our in­
ternal test effort showed some cause for 
concern, RCA decided to undertake an EIRP 
field measurement program. The objectives 
of this program were: 
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o Establish the EIRP contours by actual 
field measurement. 

o Establish procedures and techniques 
for measuring EIRP of future RCA 
spacecraft as an aid in verifying 
that in-orbit performance meets 
specifications. 

To assure a stringent test effort, 
we secured the services of an established 
consulting firm, Compucon, which is well 
known to the cable community. 

Discussions were initiated with 
them to secure a test concept and pro­
cedures and it quickly became apparent 
that nothing of this kind had ever been 
attempted in the commercial satellite 
business. While field test programs had 
been done, none had been performed to the 
level of accuracy required to assure that 
this effort would be meaningful. Initial 
studies indicated that the accuracies 
achievable were on the same order of 
magnitude as the difference between actual 
and predicted that we were look~ng for. 
When we began, achievable accuracy was 
+1.6 dB. This was successfully reduced 
so that the overall accuracy of the Phase 
I portion of the test was +0.7 dB and for 
Phases II and III the corresponding fig­
ure is +0.6 dB. 

The services of Home Box Office 
(HBO) were enlisted to act as industry 
representatives and HBO personnel were 
invited to participate as witnesses at all 
test sites throughout this exercise. 

Methodology 
The program is to be accomplished 

in three phases as shown in Figure 1. 

Figure 1. EIRP Test Locations 

Phase I consisted of measurements 
along a radial beginning at the RCA earth 
station at Lake Geneva, Wisconsin 
(slightly north and west of Chicago) and 
extending down to the tip of Florida. 
The locations at which measurements were 
taken or are contemplated can be found in 
Table 1. 



Table 1. EIRP Test Locations 

Phase I 
Lake Geneva, W1sconsin 
Glasgow, Kentucky 
Atlanta, Georgia 
Valdosta, Georgia 
Orlando, Florida 
Fort Pierce, Florida 
Fort Lauderdale, Florid2 
Homestead, Florida 

Phase II 
Port Jerv1s, New York 
Plainville, Connecticut 
Hyannis, Massachusetts 
Bangor, Maine 

Phase III (Proposed) 
Minneapolis, Minnesota 
Oma~a, Nebraska 
Denver, Colorado 
Flagstaff, Arizona 
San Diego, California 

Chronology 
The first discussions were initi­

ated with both Compucon and HBO in July, 
1978 with a view toward accomplishing an 
expeditious test program. A test proce­
dure was established and agreed to by all 
parties and efforts commenced to obta~n 
the necessary equipment with the requ1red 
calibration accuracies. To say that con­
siderable difficulty was encountered at 
this step would be an understatement. 

The tight tolerances necessary to 
assure a valid test, together with the 
fact that field tests in the past had not 
been accomplished to such rigid specifi­
cations, combined to cause several d~lays 
to the project. Problems were exper1~ 
enced in acquiring microwave test equlp­
ment because of the demands placed upon 
manufacturers by a booming industry and 
in accomplishing the required calibration 
in a timely manner. Eventually, a test 
bed was established in Dallas in September 
of 1978 and a week of dry runs were ac­
complished to prove-in performance and 
calibration accuracy. 

The first phase of the field test 
effort was completed in November with 
Compucon's report submitted in late 
December and the field test portion of 
Phase II was finished in mid-March. It 
was unfortunately delayed because a modi­
fication to the test setup resulting from 
wearout of certain RF components necessi­
tated calibration of the replacement item. 
At this writing (March, 1979) we are in 
the process of preparing the Phase III 
test to obtain data on a radial from 
Minneapolis to San Diego. 

Equipment 
The test hardware consisted of a 

4 foot parabolic metal antenna, manufac­
tured by Terracom, a low noise amplifier 
from Scientific Communications Inc., 
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signal generator, power sensor, power 
meter, spectrum analyzer, and associ-
ated couplers, cables and switches from 
Hewlett-Packard. The antenna was modified 
to permit rotation of the feed so that 
vertical and horizontally polarized trans­
ponders could be easily measured and so 
that adjustments could be made for varia­
tions in local polarization angle. 

The antenna was calibrated at Chu 
Associates in Massachusetts, while the 
bulk of the remaining equipment was cali­
brated by Hewlett-Packard. A block dia­
gram of the test configuration is shown 
in Figure 2. 

~~ POWER LOW 
~ 

SPECTRUM 
BRIDGE & ~ NOISE ANALYZER & 
SWITCH AMPLIFIER CAMERA 

I 
I 

SIGNAL POWER POWER 
GENERATOR SENSOR METER 

Figure 2. Equipment Block Diagram 

The measurement used is a standard 
one in satellite communications called RF 
substitution. This method provides ex­
cellent accuracy in the detection of un­
known low level signals. The parabolic 
antenna, LNA and spectrum analyzer act as 
the detection and storage units and the 
signal generator, power bridge and power 
meter provide the known source. The un­
known saturated (maximum power output) 
carrier is received from the spacecraft 
and the system is adjusted to observe 
peak signal strength. It is then stored 
on the scope of the spectrum analyzer. 
A known signal is inserted into the front 
end of the LNA and adjusted until it is 
equal in level to the stored image of the 
carrier received from the satellite. The 
injected signal is known because the sig­
nal generator, power meter, power sensor, 
bridge, and all cabling have been pre­
cisely calibrated. This technique ef­
fectively measures the received signal 
strength at the input to the LNA thereby 
eliminating it as a source of error. 
Knowing all losses through the system and 
the receive gain of the test antenna, one 
can determine the received signal strength 
at the input to the antenna. Computation 
of the path loss and atmospheric absorp­
tion losses at the location under con­
sideration permits one to extrapolate back 
to the EIRP from the spacecraft. The en­
tire test setup was transported from site 
to site by truck and whenever possible in 
Phase I the measurements were performed 
at the headend facilities of a local CATV 
company or in the parking lot of a 



local motel. 
RFI analyses were performed for 

each of the test locations to assure that 
no tests would be taking place in areas 
of heavy terrestrial interference which 
might becloud the results. Tests were 
run from 2:30AM to 2:30PM and special 
emphasis was placed upon measuring HBO 
transponders 20, 22, and 24 at each lo­
cation. Four sets of measurements were 
taken on each transponder throughout the 
test period with a view toward washing 
out local atmospheric effects. 

A standard gain horn was used for 
side by side comparison with the 4 foot 
antenna prior to starting a test run. 
This was done to check relative gain 
differentials thereby making sure that 
the parabolic antenna had not suffered 
any damage which would have caused its 
gain to change and invalidate the data. 
In no instance was any change discovered. 

Throughout the test program, per­
sonnel from RCA Laboratories provided 
guidance on techniques for improving ac­
curacy but did not take part in actual 
test efforts. 

Results 
Since the test program is not yet 

concluded, the results presented herein 
are final only for Phase I. 

Phase I: (Chicago to Florida) 

o On Spacecraft Fl the measured EIRP 
(mean of all transponders measured) 
is 1.6 dB below predicted values. 

o On Spacecraft F2 the measured EIRP 
(mean of all transponders measured) 
is 1.2 dB below predicted values. 

o The measured differences between Fl 
and F2 agree very closely with cal­
culated differences. 

o No other anomalies in spacecraft 
performance were discovered. 

Phase II: (Northeast U.S.) 

o The field test portion of this ef­
fort was completed on March 19, 1978. 
Data reduction exercises are, as of 
this writing, under way at Compucon. 
These results will be presented as 
an appendix to this report. 

Analysis 
The predicted EIRP values provided 

by RCA to the cable community were calcu­
lated analytically from data accumulated 
during range tests of the spacecraft an­
tenna systems made on the ground prior to 
launch of the spacecraft. The differences 
between measured and predicted values thus 
far discovered during this test effort are 
believed to arise from errors in the range 
tests performed by the spacecraft manu­
facturer as well as the adverse effects of 
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the space environment resulting in some 
degradation of component performance such 
as thermal distortion of the antennas. 

Future Efforts 
The results to date of this program 

have been taken into account in the design 
of the F3 spacecraft and some comments 
about it are apropos. The elevation angle 
of the antenna platform will be depressed 
0.6 degrees from its value on the Fl sat­
ellite. This is being done to improve per­
formance to the low signal areas of the 
southeast. 

The contour shown in Figure 3 is a 
preliminary depiction of the minimum ex­
pected performance of the F3 spacecraft at 
1320. The F3 will be equipped with four 
redundant Traveling Wave Tubes (one for 
each bank of six transponders). In the 
event of a failure of a primary transpon­
der, the redundant unit would be switched 
in. This contour represents minimum per­
formance even under the failed condition. 
It is expected that most transponders will 
provide performance superior to that shown 
here. However, until this is conclusively 
established in range tests this contour 
should be used for system planning pur-
poses. 

Furthermore, we anticipate a pro­
gram analogous to the one described in 
this paper as part of a verification of 
in-orbit performance of the F3 spacecraft 
after launch and prior to commissioning 
for service. Revised contours and pre­
dictions of EIRP to specific locations 
will be provided to the cable community 
and manufacturers once actual RF perform­
ance of the satellite has been verified. 

Certain other enhancements are be­
ing included in the F3 design in order to 
provide superior service. These include 
bigger (17 amp-hour batteries) which will 
permit reduced depth of discharge during 
eclipse operations, thereby prolonging 
battery life and improving spacecraft re­
liability and performance. Improvements 
in the attitude control system are being 
made in order to have a more stable plat­
form in orbit. Modifications to the 
thermal design are being incorporated to 
improve operating characteristics. 

Conclusion 
RCA Americom and Compucon have at­

tempted in this test program to accurately 
report the results and characterize per­
formance of the Satcom spacecraft. The 
lessons learned will be used in the design 
and implementation of future Satcom sys­
tems to insure that the design criteria 
provided for use by customers will always 
prove satisfactory in the future. 

Our sincere thanks and appreciation 
to Messrs. Keith Evans, Tom Rea, Don 
Pidgeon and Helmut Schwarz, whose highly 
professional efforts contributed to the 
success of this test program. 
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ABSTRACT 

The BCN Fibre Optic experiment in London, 
Ontario is the first major fibre optic CATV 
supertrunk installation in North America. 

The link transmits 12 NSTC color television 
channels and 12 FM stereo channels over an eight 
fibre cable 7.8 km in length. Audio, video and 
FM signals are digitized and multiplexed into a 
single 322 Mb/s bit stream modulating an 
injection laser diode transmitter. 

This presentation describes the installation 
and field operation of the link, outlining 
construction problems and their solutions and 
describes the field maintenance procedures 
employed. Information is also presented on the 
reliability and performance quality of the 
system obtained to date. 

Videotape highlights illustrating cable 
installation practices, splicing, connectoriza­
tion and electro-optics installation and 
maintenance will be shown. 

1.0 INTRODUCTION 

Field trials of fibre optic technology are 
appearing through the communications industry 
and around the world. Major telephone companies 
have installed interoffice trunking and sub­
scriber services using fibre optics. Power 
utilities have installed fibre optic data trans­
mission systems in their high EM! environments. 

The Canadian cable television industry has 
sponsored a major fibre optic supertrunk system 
in conjunction with a major Canadian cable 
manufacturer and with the Canadian Federal 
Department of Communications. The purpose of the 
field trial is to assess the potential impact of 
fibre optic technology when specifically applied 
to the needs of the CATV industry. 

This paper describes the actual experiences 
as the system has been designed, manufactured, 
installed and commissioned then outlines the 
experiments that will be conducted during one 
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year of operation by an operating CATV company. 

2.0 

2.1 

PROJECT DESCRIPTION 

The Consortium 

BCN Fibre Optic Inc., formed from a group of 
companies, in co-operation with the Canadian 
Federal Government, is performing field tests on 
the first major CATV fibre optic trunk in North 
America. 

The consortium is formed by Canadian Cable­
systems, Rogers Telecommunications, National Cabl~ 
vision, Cable TV, Premier Cablevision, and Western 
Cablevision in conjunction with Canstar Communica­
tions a division of Canada Wire and Cable Company 
Limited. 

2.2 Project Status 

7.8 km of fibre optic cable has been instal~ 
ed in London, Ontario, from the local TV station 
to the hub of London Cable TV. 

The Electro-optic terminal equipment and 
two repeaters have also been installed in prepara­
tion for the start of the commissioning tests in 
March. 

2.3 System Description 

The fibre optic trunk uses graded-index 
optical fibres having a bandwidth-distance product 
in excess of 600MHz-km and attenuation less than 
8dB/km. Eight small optical fibres (0.005-inch 
diameter) are formed into a single multifibre cab£ 
providing transmission capacity for a full 15 TV 
channel supertrunk in a cable less than 1/2-inch 
in diameter. 

Of the eight fibres, six are actively used, 
allowing the two spare fibres to be used for expa~ 
sion to 18 channels. The six fibres are allocated 
as follows: 

Fibre No. 

1, 2 

3, 4, 5 

Function 

Each fibre carries three high quality 
digital baseband TV channels, three 
digital FM stereo channels plus parity 
and housekeeping data. 

Each fibre carries two high quality 
digital VSB TV channels, two digital 
FM stereo channels, plus housekeeping 
data. 



6 Fibre carries three channels of h~h 
quality digital baseband in the 
opposite direction (i.e. fromdistri­
bution hub to head end). 

Thus the system provides for full duplex 
(two-way) video communication. 

All signals are converted into PCM digital 
form before going on the cable. To add to the 
information from the trial, two different 
approaches are used for the video encoding. 
"Baseband encoding" {BBE) transmits a signal 
through the fibre representing the baseband 
picture alone. "Vestigial sideband encoding" 
{VSB) transmits a signal representing the whole 
video composite, including the picture, the 
audio, and the color subcarriers. The BBE signal 
is simpler; but the terminal equipment for VSB is 
simpler and cheaper since it lacks modulation and 
demodulation equipment. The trunk will allow 
side by side comparison of the two systems. 

Six of the video signals are BBE. Each 
one is sampled at 10.74MHz,three times the color 
subcarrier frequency. The encoding uses a 10 bit 
format. Eight bits are for the picture, the 
ninth for program audio and sync information, am 
the tenth for parity bits, one or two data 
channels. 

Three BBE signals are multiplexed into one 
322.2 megabit per second stream, along with the 
data, FM stereo, etc. Each of fibres one and 
two carries this signal to account for six video 
channels, six FM stereo channels, plus data, et4 

The VSB signals need a higher sampling rate 
to accommodate the 7MHz bandwidth of the compo­
site signal. The PCM encoding produces a 161.1 
megabit per second bit stream from each VSB 
signal, which again includes "housekeeping" bits 
data, and FM stereo. Two of these are multi­
plexed into the single 322.2 megabit per second 
bit stream; and each of fibres three, four, and 
five carries this signal, accounting for the 
other six video channels, six FM stereo channels, 
etc. Fibre six carries the three upstream video 
channels, in BBE form. 

3.0 OBJECTIVES OF THE FIELD TRIAL 

The field trials set out to determine the 
practicality of aerial fibre optic installation, 
using standard techniques to construct the fibre 
optic supertrunk. Two repeaters in the 7.Bkm 
length of the fibre optic cable, result in a 
comparable signal to that achieved using nine 
conventional co-axial trunk amplifiers. 

The fibre optic cable is one half inch in 
diameter as compared to the standard one inch, 
co-axial type. The abundance of raw material 
for the glass fibre and its resistance to outsi& 
interference, makes fibre optic transmission an 
important part of future CATV installations. 

This test link will determine the perform­
ance of fibre optic hardware under standard cabLe 
TV use: 

1) Buried and aerial cable. 
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2) Fibre connectors. 

3) Cable splices. 

4) Headend and hub equipment. 

5) Electro-optic repeaters. 

A series of tests lasting one year will 
gather information about performance and reli­
ability as well as the serviceability of the link. 

4.0 ELECTRO-OPTIC SYSTEM: MODULE DESCRIPTION 

The head-end and hub electro-optic equipment 
consists of combinations of seven modules. These 
modules are: 

{1) Baseband video encoder 

(2) Baseband video decoder 

{3) VSB encoder 

{4) VSB decoder 

{5) FM stereo encoder 

{6) FM stereo decoder 

{7) Link test and maintenance unit 

The various modules can be interchanged 
between the head-end and the hub to configure the 
fibres in the link for either upstream, downstream 
and loop through transmission. 

4.1 Baseband Video Encoder/Decoder 

The baseband video encoder and decoder are 
designed to transmit three baseband video, 3 
digital FM stereo, and two asynchronous digital 
signals over a single optical fibre. The video 
data is digitized, multiplexed with digital data 
and transmitted as a 322 m/bits digital optical 
signal. 

The baseband video system is composed of two 
independent rack mountable assemblies. The en­
coder drawer digitizes 3 baseband video inputs, 
and three audio inputs and combines them into a 
single data stream along with 3 digitized FM in­
puts and 2 asynchronous digital data inputs. The 
decoder drawer reverses this procedure, demulti­
plexing the various digital data stream and, in 
the case of the video and audio, converts the 
signals to their audio forms. 

4.2 VSB Encoder/Decoder 

The VSB encoder and decoder are designed to 
transmit 2 VSB video, 2 digital FM stereo and 2 
asynchronous digital signals over a single optical 
fibre. The video data is digitized, multiplexed 
with the digitized FM stereo and asynchronous 
digital data and transmitted as a 322 mbps digital 
optical signal. 

The VSB system is composed of two independ­
ent rack mountable assemblies. The encoder drawer 
digitizes 2 VSB video inputs and combines them in 
to a single data stream along with 2 digitized FM 
inputs and 2 asynchronous digital data inputs. The 
decoder drawer reverses this procedure, demulti­
plexing the various digital data streams and, in 
the case of the video, converts the signals to 
their analog forms. 



4.3 FM Stereo Encoder/Decoder 

Each drawe~ is capable of encoding (decod­
ing) up to six FM stereo IF signals. The 10.7 
MHz signal applied to the encoder is downshifted 
and digitally encoded into a serial bit stream 
of 9 bits per sample. This serial bit stream is 
multiplexed with others and sent to one of Base­
band video or VSB encoders. The de-multiplexed 
bit stream recovered by the Baseband video or 
VSB decoders is applied to the input of a de­
coder where the signal is de-multiplexed, re­
converted to analog form and upconverted to a 
l0.7MHz IF output. 

4.4 Link Test and Maintenance Unit 

The LTMU continuously monitors the bit 
error rate of the digital bit stream at the hub 
terminal. An automatic audible alarm sounds if 
the system BER exceeds a preset threshold. 

A transponder module located in every 
repeater unit enables the LTMU and repeater sub­
assemblies replies qualitatively as to the con­
dition of the laser transmitter or the photo­
diode receiver. These data are visually dis­
played along with BER performance on the LTMU's 
digital panel readout. 

5.0 FIBRE OPTIC CABLE DESIGN AND FABRICATION 

Little was known of the requirements for 
fibre optic cable design at the start of the 
project. The final design has evolved as the 
result of actual production and test of various 
cable types. 

5.1 Optical Fibre 

The prime considerations in selection of 
optical fibre for the project were: 

1) optical characteristics: attenuation, band­
width or pulse dispersion 

2) strength: able to withstand cabling, 
installation, operational environment 

3) availability: required quantity, tested to 
required specification in time for the 
project 

4) cost. 

5.1.1 Optical Characteristics 

The fibre selected was the Corning Glass 
Works product 6060 which is a graded index, out­
side vapour phase deposition (OVPD) type, with 
6dB/km attenuation and 600MHz-km bandwidth. The 
industry has not yet established standards for 
measuring these parameters although Corning is 
attempting to lead the way. When comparing 
measurements it is important that the measurement 
technique be understood. Using different tech­
niques, the same fibre will give a wide range of 
attenuation results. With 6dB/km attenuation 
and 600MHz/km bandwidth, each fibre is capable 
of carrying 2 or 3 complete CATV signals. 

5.1.2 Strength 

The strength of fibre is given as a prob-
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ability of breakage if a known force is applied. 
The strength characteristic curve is generated 
empirically and is given as a guide for cable 
design. Each fibre is subjected to a 100% screen 
test of 25,000 psi. That is, each fibre is known 
to have had 25,000 psi applied continuously during 
the manufacturing process. Should a break occur, 
the fibre would be scrapped. With 25,000 psi as 
the known ultimate limit, 10,000 psi should be a 
safe design load for cable manufacture. The cable 
manufacturing industry expect that the proof test 
will be raised to 50,000 psi or 100,000 psi in the 
future. 

5.1.3 Availability 

At the time that the project was formed, 
Corning had the only proven capability to supply 
fibre of the required quality in the required 
quantities. Fibre at 6dB/600MHz falls into the 
"premium" portion of their manufacturing yield. 

5.2 Cable Design 

Various designs were considered, th?t would 
enable fibre optic cable to be manufactured, and 
installed with a maximum load of 10,000 psi on the 
fibres themselves. The loose buffer tube approach 
was settled on at an early stage. The fibre lies 
loose in a protective buffer tube so that minimal 
stresses are applied to the fibre. The buffer 
tubes are then stranded around a central strength 
of anti-buckling member. From this point, there 
are several possibilities which relate to basic 
cable construction rather than fibre optic cable 
construction. 

1) Figure Eight Self Supporting Cable: This 
structure was not attempted, primarily 
because of the unpredictable wind and ice 
loading effect of the web joining the 
member of the cable core. 

2) Concentric Self Supporting Cable: Test 
lengths of this type of cable were made where 
the support strength comes from spring steel 
members stranded around the fibre optic cillle 
core. The strength characteristics were 
adequate but the handling and installation 
difficulties were extreme. 

3) Lashable Cable: The final design selected 
for the project consists of the basic cable 
core protected with an Alpeth Sheath (alum­
inum bonded to a polyethelene outer jacket) 
for strength and as a moisture barrier. This 
cable is lashed using a conventional lashing 
machine to a conventional messenger wire. 

5.3 Aerial Cable Specification 

Performance specifications were developed 
over a period of months to reflect the operating 
environment in London, Ontario. The specificatims 
were given to a number of cable manufacturers as a 
guide for cable design. 

5.4 Cable Characterization and Test 

The tasks of measuring the characteristics 
of cabled fibre and testing over the operating 
temperature range were greather than originally 



planned. The time consuming aspect of testing 
is the temperature cycling where it takes up to 
24 hours for the ambient temperature in a cold 
chamber to penetrate to the core of a coiled 
cable. The designs tested were found to be 
adeqnate over the extreme temperature ranges. 

6.0 CABLE INSTALLATION 

The cable installation consists of 6.8km 
of aerial construction and a one kilometer 
section of buried cable making up to total 7.8km 
length. The installation parallels London Cable 
TV's existing 1" air dielectric co-axial super­
trunk. 

6.1 Buried Section 

The buried section extends from the head­
end location through a new sub-division and 
under a major street to the first pole span of 
the aerial construction. The cable used for the 
buried portion contains heavy steel armouring 
making the cable very rugged (over 1,000 lbs 
safe pulling tension) at the expense of adding 
to its weight. No special precautions were 
taken to provide a moisture barrier for this 
section of cable. This will enable investigation 
of the effects of moisture ingress in the cable. 
The cable has suffered no ill effects after 10 
months of weathering. 

The cable installation technique employed 
was direct burial in a trench roughly one meter 
in depth. A chart recorder was used to monitor 
attenuation of the fibre during burial and for a 
period of one month after installation. There 
were only very minor variations in attenuation 
noted during installation, which were directly 
related to handling of the cable. Attenuation 
changes were unnoticeable after the cable was 
installed. 

6.2 Duct Installation 

There were several short duct pulls requir­
ed in the installation under roadways, railway 
tracks and into the head-end and hub locations. 
All duct pulls were less than 100 meters and were 
completed without damage to the cable. Pulling 
tension never exceeded 200 lbs. even where two 
ninety degree bends were pulled around one loca­
tion. 

6.3 Aerial Installation 

The aerial portion of the supertrunk was 
installed using aerial cable pulling (with ropes 
and rollers) and direct lashing techniques 
(lashed directly from cable reel trailer to 
strand on streetside construction). 

Equipment used to install each section of 
the cable was standard. Infuct, the installatkn 
crew was not specially chosen; they were install­
ers with years of co-axial cable experience. 

The majority of the aerial installation was 
overlashed to existing strand. One kilometer was 
lashed to separate strand for comparison. Roughly 
three kilometers of aerial cable were installed 
with expansion loops at every pole while the 
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remaining length of aerial construction contain no 
loops. In this way, the effects of expansion 
(thermal and mechanical) on the cable can more 
effectively be analyzed. 

The installation crew reported no difficulty 
in lashing the cable. On the average roughly 0.6 
km of cable were installed daily. Somewhat more 
handling of the fibre optic cable was required 
than for co-axial cable. This resulted from the 
requirement to minimize the number of splices in 
the link. 

6.4 Repeaters 

Two repeaters were mounted aerially (strand 
mounted) in the link. Spacings were as follows: 

1) Head-end to repeater #l 

2) Repeater #1 repeater #2 

3) Repeater #2 to hub 2.4km 

2.7km 

2.7km 

6.5 Cable Installation Conditions 

The installation of the entire supertrunk 
took place under both summer and winter conditions. 
The problems encountered were no more complex than 
standard co-axial installations. Intersections 
were crossed, repeaters hung, lashing accomplished, 
all without damage caused to the fibre optic cable. 

7.0 SPLICING AND CONNECTORIZATION 

One of the more challenging aspects of fibre 
optics is providing suitable splicing and connect­
orization. Experience obtained during the BCN 
installation indicates that considerable work is 
required to develop and refine hardware and tech­
niques to the point where splicing and connect­
orization of fibre optic cable can begin to compete 
with co-axial cable. 

7.1 Splicing 

There are a total of 10 fibre optic cable 
splices in the BCN link. Specifically there are 
3 splices in the span from the head-end to repeat­
er #1, 2 splices in the span from repeater #1 to 
repeater #2, and 5 splices in the span from repeat­
er # 2 to the hub. 

The process of performing a fibre to fibre 
splice has evolved quite rapidly over the past 
year. A year ago, splicing was achieved primarily 
by epoxying two fibre ends together in a hollow 
tube or v grove. The time required for the glue 
to set varied from one hour to several hours and, 
during this curing time, extreme care was required 
not to move the fibres. Typical attenuations of a 
splice performed using this technique varied sub­
stantially over a range of l to 3dB. Splicing 
losses were also fairly temperature dependent. 

Recently, however, the development of a 
fusion splicer has lessened the problems associat­
ed with fibre to fibre splicing. Fusion splicing 
can guarantee repeatable splices with losses well 
under o.5dB, and are relatively insensitive to 
temperature changes. Fusion splicing equipment is 
however relatively sophisticated. A typical fusion 
splicer consists of an electric spark gap and 



electrodes, a mechanism for aligning fibres and 
a microscope for visual alignment. This type of 
equipment does not lend itself readily to field 
usage. 

The major stumbling block in performing 
field splices of optical cable, however, does 
not stem from the fibre splicing, but rather 
from the preparation of the cable ends to expose 
the bare fibres. Exposing fibres requires the 
removal of the outer jacketing and moisture 
barrier, the removal of an inner polyethylene 
jacket, the replacement of buffer tubes and the 
fibre preparation. These processes require the 
talents of a skilled technician with consider­
able experience working in a reasonably protec­
ted environment. To date, field splicing has 
been accomplished in a plywood hut mounted on a 
scissor platform. Splicing from a ladder, tent, 
or bucket truck requires refinement of the tech­
niques and equipment presently in use. 

The time required per cable splice was two 
days for the first splice in the BCN installation 
and was streamlined to three hours for the last 
splice as the technicians became more familiar 
with the techniques. 

7.2 Connectorization 

The process of installing a fibre optic 
connector involves epoxying the fibre to a steel 
ferrule and then mounting this assembly in the 
body of the connector. The epoxying process 
requires a 12 - 24 hour curing time which has not 
been attempted in the field. Where field connec­
torization is desired, connectors have been pre­
installed in the factory or fibre pigtails with 
pre-installed connectors have been spliced to 
cables 

Connectorized cables have been installed 
to mate with input and output ports of repeater 
modules and terminal electro-optic modules. 

Air gaps, if greater than 5 thousandth of 
an inch, can create transmission difficulties 
because of effects on bandwidth/pulse dispersion. 
This requires very close attention to tolerances 
during the connectorization process. Connector 
developments in the near future will reduce this 
problem by providing self alignment and self 
positioning of the fibre ends. 

8.0 TESTS TO BE CONDUCTED DURING THE ONE 
YEAR TRIAL 

Of major importance to the successful 
fruition of the fibre optic field trial is the 
documentation and analysis of results of the many 
technical and non-technical tests to be conducted 
during the one year of operation. The tests to 
be conducted are categorized into two main types: 
tests which measure the technical and economic 
aspects of the system and surveys which give a 
measure of how technical staff cope with the 
technology changeover and their reactions to the 
new technology. 
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8.1 System Tests 

Following is a partial list of the system 
tests to be conducted: 

l) Tests are being established to give techni­
cal comparisons bet,~een conventional co­
axial trunks and fibre links for: 

a) Mean time before failure (MTBF) . 

b) Mean time to repair (MTTR) . 

c) Service and maintenance on a routine 
basis. 

d) System performance as a function of 
aging. 

e) System performance as a function of 
temperature. 

f) System performance as a function of 
other environmental aspects (rain, snow, 
ice, wind, lightning). 

2) Test and documentation procedures are being 
devised to draw operating cost comparisons 
between conventional co-axial trunks and 
fibre links fur the above categories. 

3) Test procedures for the simulation of trunk 
links in excess of 7.8 km are being estab­
lished. The tests give comparisons of 
technical performance of the optical fibre 
link for distances up to 48 km with and 
without digital retiming at every third 
repeater and with and without the effects of 
cascaded digital modems. (Loop through 
tests.) 

4) Tests are being performed to evaluate all 
link specifications including: 

a) Signal to noise ratio. 

b) Intermodulation distortion. 

c) Bit error rate. 

d) Differential phase. 

e) Differential gain. 

These tests provide comparative technical 
performance data on both baseband and VSB 
modulation approaches. 

5) Tests are being performed to evaluate opti­
cal hardware performance specifications 
such as: 

a) Received optical power. 

b) Optical fibre attenuation. 

c) Optical fibre dispersion. 

6) Specific techniques are being investigated 
in the following areas: 

a) Field splicing. 

b) Connector attachment. 

c) Location of a broken fibre. 



d) Signal identification on a fibre. 

e) Repeater module replacement. 

f) Light source/receiver service and re­
placement. 

g) Status monitoring. 

h) Cable lashing. 

i) Powering, regulation and surge protec­
tion. 

j) Bi-directional signal transmission. 

8.2 Personnel Acceptance and Adaptation Tests 

Surveys are being designed to maximize in­
formation retrieval in the area of personnel accep­
tance and adaptation to the technology changeover. 
The surveys are intended to cover all aspects of 
optical fibre, CATV desig~ and operation. Spec­
ifically, the areas of interest are: 

1) System design for the CATV Engineer. 

2) System implementation for the Engineer/ 
technologist. 

3) System installation for the field technician. 

4) System operation (maintenance and service) 
for the service technician. 

9.0 CONCLUSION 

The BCN installation is the result of a con­
certed co-operative effort of the Canadian Depart­
ment of Communications, the Cable industry and a 
Canadian manufacturing company. It marks the 
beginning of a new era in telecommunications. The 
degree to which Fibre Optics will find its way 
into the cable network is in part established by 
the creativity and commitment demonstrated by 
government and industry. The BCN link may appear 
to represent a modest step forward in the tech­
nology of fibre optics when compared to more 
"blue sky", revolutionary installations which cap­
ture the attention of many advocates of the 
'wired city' concept. However, the BCN installa­
tion represents a sound engineering systems 
approach to realizing a graceful evolution of 
fibre optic and digital technology into the CATV 
plant. The BCN project marks the beginning of 
the quiet revolution. 
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APPENDIX I 

SPECIFICATION: FIBRE OPTIC CABLE FOR ON-POLE INSTALLATION 

Number of channels (fibres) 
All channels of equal length per unit cable length 
Intentional torsion on fibres in cable not acceptable 
Cable attenuation (at least 7 of 8 channels) 
Cable bandwidth (dispersion) 
Pre-cabled fibre pull strength 
Recommended fibre tensile loading in cable 
Fibre available in lengths of 1100 meters 
Fibre outside diameter 
Fibre outside diameter with lacquer coating 
Pull strength of cable (self supporting) 

(supported) 
Strength member preferably non-metallic (e.g. KEVLAR) 

8 

6dB/krn* 
600MHz km** 
0.25kg*** 
O.lOkg 

O.l25mm 
0.132mm*** 
2900kg 
230kg 

Temperature Effects: Change in attenuation to be less than 
±ldB over the following range: 

Maximum temperature (with direct solar radiation) 
Minimum temperature (no solar radiation) 

Driving rain with 80krn/hr wind 
Freezing rain at 80krn/hr wind 
Maximum wind at lOrn above ground 

30mm/hr 
30mm radial ice 
lSOkm/hr 

Outer jacket material: PE, PU or neoprene 
Cable configuration, other than above, optional 
Cable outside diameter (minor axis) should be less than 20mm 

* 

** 

*** 

Attenuation: measurements are normalized to one kilometer lengths 
and are specified at a wavelength of 820 nanometers. Measurements 
are carried out with a standard input radiation launch numerical 
aperture of 0.1. Measurements are made at room temperature. 

Bandwidth: The bandwidth of optical waveguides is derived from 
pulse-broadening measurements normalized to one kilometer lengths. 
A sub-nanosecond pulse of light (at 900nm) from a solid state LOC 
injection laser is launched into the waveguide. The laser spectral 
width is approximately 3.8nm (FWHM). Input launch conditions excite 
all propagating modes. The output pulse is monitored and represented 
in the frequency domain using Fourier transform methods. Bandwidth 
is specified at the optical power -3dB point. 

As supplied by fibre manufacturers. 
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ABSTRACT 

This paper describes the Fiberoptic 
Video System installed by Valtec Corpor­
ation at Viacom's Suffolk County Cable­
vision in Islip, Long Island, N.Y. The 
system is designed to carry a single 
studio quality video and audio signal over 
an 8800 foot long aerial fiberoptic cable. 
The design of the terminal equipment, and 
j-fiber aerial cable is discussed. System 
performance is cited. 

INTRODUCTION 

A turnkey fiberoptic transmission 
system connecting the Local Program Orig­
ination Studio with the Head End was in­
stalled by Valtec Corporation at Viacom's 
Suffolk County Cable-Vision in Islip, 
Long Island. 

The system was designed to transmit 
a single video and audio channel over a 
distance of 2.7 km(8800 feet) without the 
use of line amplifiers. The terminal 
equipment was installed in the working 
environment of a television studio at one 
end, and head end at the other. A three 
fiber aerial cable was installed by 
Viacom's installation crew under the 
supervision of technical personnel from 
Valtec. Although present system require­
ments called for only one fiber trans­
mission, a three fiber cable was installed 
to facilitate future expansion of services 
offered by Viacom. 

The optical fiber, aerial cable, and 
the terminal equipment including the Light 
Emitting Diode were designed and manu­
factured by Valtec Corporation. The cable 
and system installation took place in 
early December, 1978. 

TERMINAL EQUIPMENT 

The terminal equipment was designed 
to interface between the electrical sig­
nals and the fiberoptic cable. A block 
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diagram of the terminal equipment arrange­
ment is shown in Fig. 1. At the trans­
mitter end, the baseband audio signal is 
modulated onto an RF carrier, and combined 
with the composite video signal. Together, 
these frequency division multiplexed sig­
nals are converted into equivalent light 
intensity modulated signals by the com­
bination of the LED, and the driver cir­
cuit. 

The light is coupled into the fiber 
pigtail which is connected to the fiber­
optic cable via a demountable optical 
connector. At the receiver end, the light 
is coupled from the cable into a detector 
pigtail via an optical connector. The de­
tected light levels are transformed into 
photocurrent which is amplified by the 
receiver circuit. The audio RF carrier is 
filtered from the received signal by the 
audio demodulator which converts the RF 
into the baseband audio. 

VIDEO TRANSMITTER 

A block diagram of the video trans­
mitter is shown in Fig. 2a. The video and 
RF audio are summed by a transimpedance 
amplifier which feeds the predistortion 
circuit. The predistortion circuit was de­
signed to compensate for the nonlineari­
ities of the LED, and, therefore, improve 
the differential gain and phase distor­
tions of the transmission system. The pre­
distortion circuit feeds a voltage to 
current converter which in turn powers the 
Light Emitting Diode. 

Valtec's own IRE-160F LED was em­
ployed in the transmitter circuit. The en­
tire video transmitter circuit, including 
the LED and the optical connector, was 
assembled on a single plug-in type printed 
circuit board. The individual transmitter 
parameters are listed below. 

Light power coupled into 
the fiber 26 ~w 

Modulation index 90% 



Frequency response 1 Hz to 35 MHZ 

Differential gain < 2% 

Differential phase < 2.5° 

Power Supply + 15V 

Power Consumption < 2.5 w 

Input Impedance 75 rl 
(DC to 35 MHz) 

Input Signal Level 1-10 Vp-p 

AUDIO MODULATOR 

A unique modulation scheme was em­
ployed in the audio modulator circuit. 
This technique, labeled the period modu­
lation scheme, nears the performance of an 
FM system, but retains the simplicity of 
AM. A block diagram of the audio modulator 
is shown in Fig. 2b. 

The baseband audio, 600 rl balanced or 
5000 Q unbalanced, feeds the input buffer 
and preemphasis filter. The signal then 
enters the low frequency period modulator 
which outputs a TTL signal whose period is 
proportional to the input voltage. This 
signal in turn AM modulates a crystal con­
trolled RF carrier. The carrier, after 
passing through a band pass filter, feeds 
the video transmitter. Advantages of the 
modulation scheme employed here over con­
ventional schemes are frequency stabil­
ity, ability to transmit drift free de 
information, and ability to transmit data 
from DC to 250 kb/sec. The modulator spec­
ifications are listed below. 

Input impedance 

Input signal level for 
100% modulation 

RF carrier 

Carrier amplitude 

Preemphasis time 
constant 

Frequency deviation 

Power consumption 

Power supplies 

600/5000 rl 

4 Vp-p 

15 MHZ 

15 db below 
color subcarrier 

75 fJSeC 

150 KHz total 

< 2.5 w 

+ 15 v 

VIDEO RECEIVER 

A block diagram of the receiver cir­
cuit is shown in Fig. 3a. The light 
emerging from the optical cable is guided 
into the PIN photodetector via a fiber 
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pigtail which interfaces with the cable 
through an optical connector. A Field 
Effect Transistor(FET) preamplifier is 
used in order to maximize the signal to 
noise ratio of the video signal. The AGC 
amplifier keys on the horizontal sync 
pulses, and provides a constant RS-170 
compatible video output. The signal from 
the AGC amplifier flows to the line 
driver, and the de restoration circuit 
which clamps the blanking level at OV de. 
Receiver parameters are listed below. 

Signal to noise ratio 52.4 db 
at 0.8 fJW light CCIR weighted 
signal power 

Frequency response 3 dB at 7 Hz and 
18 MHz 

Dynamic range 10 dB optical 

Power supplies 

20 dB electrical 

+ 15 
- 15 

AUDIO DEMODULATOR 

The RF carrier is filtered from the 
receiver output by the band pass filter 
as shown in Fig. 3b. The signal is en­
velope detected, and fed into the period 
demodulator circuit which yields a base­
band audio signal at the output. The de­
emphasis and output buffering are accom­
plished in the last circuit stage. The 
demodulator performance is given below. 

Audio frequency 
response 

Signal to noise ratio 
at 100% modulation 

T.H.D. 

Output Signal 

Output Impedence 

Power Supplies 

20 Hz to 18 KHz 

50 dB, 18 KHz 
bandwidth 

< 0.1% 

4 Vp-p at 100% 
modulation 

600 rl or 5000 rl 

:!:: 15V 

The system components(the video trans­
mitter, the audio modulator, video re­
ceiver, and the audio demodulator) were 
manufactured on individual printed cir­
cuit cards, and mounted in a 19" rack 
mountable chassis with individual power 
supply modules. 

THE CABLE 

The Viacom system required that the 
2.7 km cable be aerial, with exposure to 
the elements, and temperature extremes of 



from -40°C to +65°C. The cable had to have 
an end-to-end loss, including splices and 
connectors, of less than 17 dB in order to 
meet the system requirement for the signal 
to noise ratio. A loose tube cable design 
was chosen for this application. In this 
design, each fiber was put into a poly­
propylene 2.5 mm O.D. tube. Contra-helical 
layers of Kevlar ® were overlayed to act 
as strengthening members. A thin color 
coded jacket of urathane formed the final 
extrusion on each of these sub-members of 
the cable. Each sub-member exhibited a 
short gauge length strength of 270 kg 
(600 lbs.). 

The three km lengths of sub-channels 
were stranded and bound with polypropylene 
tape; with Mylar® wrapped over them to 
form a heat barrier. During stranding, the 
3 km length of cable was cut in half to 
facilitate handling. An additional contra­
helically laid Kevlar@ belt with a ura­
thane jacket was applied to each of the 
1.5 km lengths of cable forming an O.D. of 
12.4 mm(.50"). 

To assure the moisture resistance of 
the cable, a corrugated steel belt was 
applied around the cable. The steel belt 
was then jacketed with a 1.25 mm(.050") 
polyethylene jacket. The final cable 
weight was 223 kg/km(492 lbs.). 

Installation of the first length of 
cable took place in early December of 
1978. The installation started at the head 
end. The first pull section to a pole on 
Willson Blvd. was 200' long. At that 
point, the cable negotiated an 80° bend, 
and continued over cable blocks down Will­
son Blvd. The cable was pulled by attach­
ing the cable through a short pulling line 
to the bucket of a service truck. Reason­
able effort was made to maintain the 
pulling axis close to the messenger during 
the pulling operation. Frequent stops were 
made during pulling to thread the cable 
through numerous trees that dotted the 
roadside, and for routing the cable to the 
field side of many of the poles. The first 
section pulled was 1.25 km(4100') long. 
It took nearly a day to complete, and an 
additional day to lash. The second length 
of cable was installed in the same manner 
with the starting point at the studio on 
Brightside Avenue, and the cable pulled 
down Willson Blvd. to meet the end of the 
first cable. 

It should be noted that the install­
ation crew had no prior training on the 
installation of fiber cable, and as a re­
sult, treated this cable as a conventional 
coaxial cable. 

Splicing was accomplished in less 
than favorable weather with temperatures 
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in the teens, and 20 to 30 MPH winds. 
Despite the fact that a heated bucket was 
provided for the Valtec engineer who 
spliced the cable, the conditions for 
splicing small 5 mil fibers were barely 
adequate due to the wind and cold. Never­
theless, all splices were successful on 
the first attempt. 

A conventional cast iron telephone 
splice case was used. Half of the case 
was clamped to the messenger. To the low­
er edge, an aluminum base was bolted to 
form a platform on which to work. The 
front lip of this platform was rested on 
the edge of the bucket for support. The 
platform accommodated the microscope, 
splices, epoxy, and other tools required 
to perform the splice. The splicing was 
accomplished using Thomas & Betts armored 
splices. This splice requires that the 
cable be prepared by removing the outer 
jacket of the cable sub-members, and 
cutting the Kevlar@ to length (as well 
as the polypropylene tube). The fibers 
are then cleaved and inserted into the V 
groove splice, and aligned under a micro­
scope. A heater in the microscope base 
shrinks tubing around the fibers~ and 
holds them in place. The Kevlar ~ is 
crimped to the splice, and clear epoxy is 
inserted through a viewing port to act as 
an optical coupling agent, and to bond 
the fibers to the splice. Shrink tubing 
is put over the entire assembly, and the 
splice becomes an integral part of the 
sub cable. After splicing was completed, 
the splice case was closed, and sealed 
with sealing tape. The fiber and cable 
parameters are listed below. 

Cable length 

Weight 

Strength 

Temperature perform­
ance 

Number of fibers 

Fiber attenuation in­
cluding splice and 
two connectors 

Fiber bandwidth 

SUMMARY 

2.7 km(B800') 

492 lbs/km 
(223 kg) 

> 400 lbs 
(gauge length -
1/2 km) 

< 1 dB/km -50°C 
to +85°C 

3 

13 dB(2.7 km 
length) 

> 200 MHZ-km 

A turnkey high quality video trans­
mission system was successfully installed 
in a working CATV environment. The system 
currently carries a single video and 
audio channel over a distance of 8800' 



without the use of line amplifiers. With 
the advent of higher opto-electronic 
technology, the system capacity can be 
expanded to at least 30 TV channels. 

The authors wish to thank their 
colleagues at Valtec Corporation who have 
been involved in manufacturing and in­
stallion of all system components. 
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RF 

Output 
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(a) VidPo receiv('r. (b) Audio fl•'modulator. 
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Fig. 4. Cross sectional view of the three fiber cable. 
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MASTER FILE SEARCH (MFS) 

- An Analytical Tool For The Spectrum Manager 

Phillip G. Tremper 
Joseph V. Cesaitis 

Federal Communications Commission 

Abstract 

The Spectrum Survey and Analysis Branch of the 
Spectrum Allocation Division of the Office of Chief 
Engineer within the Federal Communications Commis­
sion (FCC) has developed a computerized retrieval 
system for license information. This paper dis­
cusses this FORTRAN-based system which runs on the 
FCC's UNIVAC 1106 computer. The Master File 
Search (MFS) system contains over 1.2 million 
records covering all non-Government frequency as­
signments except for citizens and amateur licenses. 
The records contain technical information such as 
frequency, power, emission type(s), antenna height, 
station coordinates, etc., as well as some non­
technical information such as call sign, service 
code, class code, etc. The paper, by way of sample 
queries, demonstrates the utility of the system as 
an analytical tool helping the spectrum manager 
solve spectrum allocation problems. The paper also 
discusses the limitations of the system and examines 
some of the future enhancements which will be made 
to the MFS. 

Introduction 

Most people are familiar with the automated 
reservation systems utilized by travel agencies, 
airline ticket personnel and hotels. Imagine the 
delays and confusion if such a system had not been 
developed, especially with today's heavy volume of 
air travel. Some planes would be seriously over­
booked, travel agents could not give up-to-the 
minute flight information, and in general, the entire 
commercial aviation industry would be unmanageable. 
Fortunately such a system does exist which prevents 
gross overbooking and provides timely occupancy in­
formation to consumers and managers in the travel 
industry. 

What does the airline and hotel businesses have 
to do with communications? The same tools which 
these businesses use to manage their limited re­
sources can be applied to the managing of the elect­
romagnetic spectrum. Just as an airplane or hotel 
can hold only so many people before a congestion 
problem develops, so too a radio channel can become 
o~erbooked (overassigned) to the point of becoming 
v1rtually useless as a means of communications. To 
gain a handle on the current state of occupancy of 
various portions of the spectrum an automated 
system of retrieving license information is needed. 
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This is where the Master File Search system can 
help. 

The Master File Search (MFS) system was de­
veloped to provide the spectrum manager with 
sta!istics on how various channels are being 
ass1gned. It should be noted that unlike an air­
p~a~e or ~otel whi~h has a predetermined upper 
l1m1t on 1ts capac1ty, a communications channel 
~ay.sho~ a lar~e numbe~ of assignments, possibly 
1nd1cat1ng an 1neffect1ve means of communication, 
but due to geographic spacing and/or time-sharing 
the channel is indeed a useful means of communi­
cation. While the MFS system cannot now determine 
if a channel is ineffective as a communications 
link •. it provides th~ capability of making 
relat1ve channel ass1gnment comparisons. 

The MFS System 

In.recent years, information such as how many 
transm1tters are licensed within a particular 
freguency range could only be obtained by counting 
ass1gnments on reams of computer output. If a 
finer distinction were needed such as how are these 
transmitters distributed among the top twenty-five 
(25) Standard Metropolitan Statistical Areas (SMSA), 
only a small sample could be obtained. This manner 
of data gathering was not adequate for the types of 
spe~t~um analysis work which is needed for making 
dec1s1ons for new allocations. The use of the 
digital computer greatly alleviated the manual 
search of the license records, but because of the 
size of the file (at one time this file was spread 
across forty-five (45) reels of magnetic tape) 
processing was still cumbersome. Presently, the 
~CC records ~how close to 1.2 million frequencies 
1n ~se. No~1nally twenty-six (26) different pieces 
o~ 1nformat1on, such as licensee name, address, call 
s~gn, etc: are ~aintained for each of these frequen­
Cles .. U~1ng !h1s conservative fiqure over thirty­
one m1ll1on p1eces of information are stored in the 
FCC list of frequency assignments. This list is 
commonly referred to as the master frequency file 
or the MFF. Ideally, one would like to have all 
this information available to the spectrum manager 
through an on-line (disk) automated information 
ret~ieval system. However, due to equipment limi­
tatlons the MFS system contains a subset of the in­
formation stored in the MFF. The data elements 
which are included in the MFS system are enumerated 
in Table 1. This table represents those elements 
which are readily available from the MFF and which 



appear to be of most value to the spectrum manager. 

To access the data in the MFS system, a series of 
FORTRAN computer programs were written which provide 
a query capability. These programs may be run in 
either the time-sharing (demand) mode or the batch 
mode. In the time-sharing mode, the user is guided 
through the program through a series of menu type 
selections. Queries can be made on three (3) basic 
parameters. These parameters are frequency, geo­
graphic area and data. Under the frequency para­
meter, the data in the MFS system can be extracted 
on discrete frequencies, such as 450.1 megahertz 
(MHz) or 10.2 gigahertz (GHz), up to three hundred 
(300) individual frequencies, or on frequency 
bands, such as 450.0 to 470.0 MHZ or 10.2 to 10.3 
GHz, up to one hundred fifty (150) bands. Also 
provisions have been made for selecting frequencies 
based on service (e.g. base or mobile) and/or 
class (e.g. business or cable television) desig­
nations. Under the area specification there are 
several ways in which to describe a geographic area. 
The four (4) coordinate points of a rectangle may 
be specified, a circle of center, x, y, (x, yare 
the coordinate values) and radius, r, (r is the 
number of miles around the center) may be described, 
areas may be chosen by state, state and county 
pairs, SMSA code and lastly, above or below the 
line used for Canadian frequency coordination (Line 
A). Under the date specification parameter license 
information may be selected by authorization or 
expiration date of the license. These three 
searching parameters provide a broad range of 
criteria on which to retrieve frequency assignment 
information. 

How the MFS System Can Be Used as a Tool by the 
Spectrum Nanaqer 

Rather than give a tutorial on how one would use 
the MFS system, the remainder of this paper will 
look at queries which have been run to demonstrate 
the utility of this system as a spectrum analysis 
tool. For detailed infonnation concerning using 
the MFS system the reader may consult reference 1 
at the end of the paper. 

Since much of the freauency spectrum is used in 
one way or another, most requests for new frequency 
allocations translate into requests for reallo­
cation of existing frequency bands. Reallocation 
of the frequency spectrum leaves the spectrum 
manager with the following choices: 

1) deny the reallocation request; 
2) try to accommodate the reallocation 

request through sharing of the 
frequency spectrum with existing users; 

3) accommodate the reallocation request by 
moving the current users out of the re­
quested band. 

Before the spectrum manager can decide on which 
course of action to take, an analysis of the 
particular request must be perfonned. Usually a 
request such as this comes to the FCC in a 
petition for rule making which is a formal state­
ment of the intended use of the frequency spectrum. 

152 

It is the responsibility of the spectrum manager 
to review these petitions making certain that the 
intended use is in the public interest. The queries 
which follow are examples which the spectrum 
manager might perform during the course of an 
analysis. 

Sample Queries 

The following queries were done solely for 
purposes of demonstration. Each query is designed 
to point out a specific feature of the MFS system, 
however, they are typical of the types of queries 
which have been made since the system became 
operational. Sample 1 shows a listing of stations 
which operate in the 12.75 - 12.75 GHz band in the 
New York City Standard Metropolitan Statistical 
Area. Sample 2 shows a plot of stations licensed 
between January 1, 1975 and December 12, 1975 for 
the band 12.7- 12.95 GHz and located within the 
continental United States. Sample 3 is another 
way of representing this same information only this 
time in a tabular form. Sample 4 shows a contin­
ental U.S. plot of the stations in the 12.7 - 12.95 
GHz band authorized between January l, 1975 and 
March 31, 1979. Comparing this plot with the one 
shown in Sample 2 reveals a marked increase in the 
number of stations in this short period of time. 
The asterisks (*) on the later plot signifies those 
areas with more than twenty-five (25) stations. 
These areas appear to be major cities such as New 
York, Los Angeles and Chicago. 

Sample 1 

INTERNATIONAl & OPERATIONS 01Vl5tON PAINT FORMAT - SEARCH: 

UCOAO • FUQUENCY 'iVC CALl T 'iT XMTA COUHTV Fto ATO EXD CLASS 
UI.Tf1'UOE LONGITUDE EM'ISSlON(S~ POWER GR El ANr UNITS REC tD 

1 lltl275o1.5000- TR -.OC400 
41-06-50 H 074-04-40 W M '5. 7'5A5C 

2 M117'54.5000- fA 'WOC400 
41-06-50 N 074-04-40 W M2'50.00F3 

J !111127~9.7001- TR ~L62 
lO-oo-oo N ooo-oo-oo " 

4 MI2Hi6.5000- TR loi0C400 
.:1\-06-50 N 074-04-40 IIi M '5. 75ASC 

'5 MI2766.5000- ·TR 111'0(400 
~n-06-50 M 074-0<1-40 "'t~250.00F3 

6 M9177'5.0000- TR W.JC47 
40-S7-J9 H 073-'5'5-23 II M 74.gOF9 

1 M12775 oooo- TR w.Jc5t 
40-57-J9 N 013-'5~-n 1111 M 1<1.90F9 

8 M1177S.0000- TR 1IIIC61 
~0-41-08 N 073-36-]7 If illll 25.00F9 

9 Mt:n7s.oooo- TR "(C61 
40-41-08 N 073-J5-37 W HI 25.00P} 

10 M11777.7001- TR loiOt62 
40-47-]4 N 073-58-15 1111 ~ 5. 75A5C 

f I 111111777.7001- TR WOL61 
ti0-47-34 N 073-58-15 1111 ~150.00F3 

12 111112778.5000- TR W[)C400 
41-06-50 N 074-04-40 .- M 5.75A5C 

13 11112778.5000- TR <wOC<lOO 
!Jl-06-50 N 074-0<l-<10 'fill ~250 QOF) 

14 Mf1900.00Q1- TR .O,JV]l 

ao-42-58 N 07J-16-09 1111"' 25.00F9 
r5 Ml2R7o.sooo- 7R w~-t:.o~60 

40-S0-52 N 07 l-%-0~ • Ill 5. 75A5C 
16 Ml)A;'I0.5000- TR JIIHI'060 

tQ-50-52 N 07 1-55-0FJ fl ~250.00F3 

11 M17"'25. oooo- a "c·•70 
~0-46-08 N 073-':oB-55 Ill M 25 OOF9 

18 M12fl!;8."lOOO- TR W[)L.:IOO 
at-06-50 N 074-0<l-<10 Ill M 5.75A5C 

!9 Mt78~'>9.5000- TR wDC400 
Sl-06-50 N 074-0<1-40 Ill .-.2SO.OOF3 

'20 M1?875.0000- TR lii(C61 
~a-•:u-oa ,., o7J-J6-l1 •"' 2s oor9 

21 M12975.0000- TR WIC61 
-t.0-41-08 N 073-36-37 W M 25-.00f9 

.:12 Mt2875 oooo- TR wow7o 
40-46-08 N 073-SB-55 Ill M 25.00fg 

23 MI2B79.7001- Til !1110L62 
ii0-47-34 N 073-58-15 If M 5. 75ASC 

24 Mt2B79. 7001- TR IIIIOL61 
~o-•?-14 N 073-58-tS • 14.2~o.oot3 

2~ 11112886.5(100- TR "IIJIOC400 
41-06-~0 N Cl74-04-40 ._ M 5. 7SA5C 

l NY ROCMLANO 053178 Q<;J178 050183 CAR 
... 5. ooo 1 0 150 0 1 205490 

L Hl ROCKLAND 053178 0'53178 050183 CAR 
w s.ooo 1 0 150 0 1:205481 

l N't NElli '!'ORK 062973 06:2973 0::20176 
~ .000 ( 0 0 0 120'5515 

l NY AOC:KLANO 053178 053179 050183 CAR 
'1111 5.000 X 0 150 0 \:205588 

l NY ~OCKLA.ND 053178 053178 0<;.0183 CAR 
Ill s.ooo ){ 0 150 0 !205589 

l H..J BERGEN 112376 112376 020181 CAR 
U250. 000 1. 0 0 0 1 20'5687 

L N.J &£AGE~ Cl1676 121676 020181 CAA 
U250.000 1 0 416 0 1205686 

l NY NASSAU 113076 113076 020181 CAR 
Ill 1.000 '· 0 0 0 1:205~94 

l NY NASSAU 101277 101277 020181 CAR 
w 1. ooo x o 333 o 1 ;cos6g5 

l NY NEW 'fQAio( 062973 062973 020176 CAR 
UIOO.OOO I 0 0 0 1205769 

!.. NY NEW l'OR~ 062973 062973 020176 CAA 
u 1 oo. 000 I 0 o o 1 :C05770 

L NY ROCKL-'NO 05)178 053!78 050183 CAA 
w S.OOCI '1 0 150 0 l:i'05719 

L N't ROCKLAND 053178 053178 0'50183 CAR 
W S.OOO '1 0 150 0 1105780 

l ~y PiASSAU 02147) 021473 020176 CAR 
U615.000 l 0 0 0 1;205951 

l NY "'EW '<Q~)( 031175 032175 01017t:J CAR 
Ill 1 000 .., 0 0 0 1706146 

L N't ~fW 'lOR~ 032 t 75 031175 0:201 78 CAA 
w 1.000 :1 0 J) 0 1:206147 

I. "fY NEW YORK 113076 11]076 010181 CAA 
Ill 1 000 .., 0 0 0 1 206261 

l HY 1:WC~LANQ 05Jt78 053176 050183 CAR 
1111 5.000 '1 0 1~0 0 120!i65H 

L NY ROCKlAND 0~3178 051178 050183 CAA 
.. 5. 000 )( 0 1 50 0 1 206659 

l N't NASSAU I 13076 1 I 3076 020181 CAR 
w 1.000... 0 0 0 1206738 

1, NY NASSAU 101277 101271 020181 CAA 
W I .000 J. 0 333 0 1206731:1 

l NY f'IEW YOR~ t 13076 I 13076 0:<'01 91 C.).A 
... 1.000 )( 0 0 0 1206740 

l NY NE-. YORK 061973 062973 020176 CAA 
UIOO.OCIO I 0 0 0 1206814 

L NV NE'IIII YORK r62973 062973 0.:10176 CAA 
UIOO.OOO 1 0 0 0 1206815 

l NY ROC~lANO 053179 053178 0501 Bl CAA 
.. 5.000 ){ 0 150 0 1206842 



AANSIIlTTEA COUNTS Sf.A.RCH NO: :Z fREQUENCY AANGE~12699.9999 TD1:Z949.9999 111HZ AUTHDRlZA.TlON DAlE RANCE: 01/01/75 TO 12/12/75 

49/10/00 .. 

44/06/40 + 

39/03/20 + 

+---------·---------·---------·---------+---------+---------·---------·---------·---------·---------+ 

88 

•• CA 

AA 

L 
c 

LV 
DC 

A OA 
8 0 

• SYIIIBOl LEGEND 

SYMBOL VAlUE: AANCE 
LESS THAN 

I .0-
2 .o-
3.0-
4.0-
5.0-

A 6. 0-

•• 8 1 .o-
34/00/00 + A a. o-

8 • 9.0-
0 J 10.0-

K II .0-
l 12 .o-
• 13.0-

CF H 14 .o-
A • c 0 15.0-

p 16.0-

• B Q 11 .o-
28/56/40 + • IB.O-

s 19.0-

' 20.0-

" u 21.0-.. y 22 .o-
H 

• 

23/53/20 + 
·---------·---------+---------+-------- -+ ---- -----+---------+--- ------·-- -------+---------·---------+ 

127/46/40 120/50/00 113/53/20 106/56/40 100/00/00 93/03/20 86/06/40 79/10/00 72/13/20 65/16/40 58/20/00 

LONG I TUDE I D/M/S) 

SAMPLE 3 
tAANSIIIITTEA COUNTS SEARCH NO: 2 FREQUENCY AANGE: t2699.9999 1012949.9999 MHZ 

LONG( tuDE I 0/M/5 I 
127 125 122 119 116 113 ttl 108 105 102 100 97 94 91 88 86 

"UTHDRIZATION DATE RANGE: 01/01/75 TO 12/12/75 
TOTALS 

49/10/00 

-48/09/20 

47 /OB/40 

46/09/00 

45/07/20 

44/06/40 

43/06/00 

-42/05/20 

41/04/40 

40{0-4/00 

39/03/20 

38/0:Z/40 

37 /O:Z/00 

36/01/20 

35/00/40 

3-4/00/00 

32/59/20 

31/58/40 

30/58/00 

29/57/20 

:ZB/56/40 

27/56/00 

26/!>5/20 

25/54/40 

24/54/00 

23/53/20 
TOTALS 

48 0 1 l 26 40 53 6 20 33 46 0 I 3 26 40 53 6 
40 0 20 40 0 20 40 0 20 40 0 20 40 0 20 40 

.0 

0 12 22 

0 12 

0 13 

0 14 

83 80 77 75 
20 33 46 0 

0 .20 40 0 

3 10 

0 10 

72 69 
13 26 
20 40 

• 14 0 10 9 32 16 46 13 26 41 8 10 
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66 63 
40 53 

0 20 

61 58 
• 20 

40 0 

4< 

17 

44 

.. 
17 

17 

18 

,. 

10 

239 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7 .o 
8.0 
9.0 

10.0 
11 .0 
12.0 
13.0 
14.0 
15.0 
16.0 
17 .o 
18.0 
19.0 
20.0 
21 .o 
22.0 
23.0 



TRANSMITTER COUNTS SEARCH NO: 6 FREQUENCY RANG£!12699.9999 1012949.9999 MHZ AUTHORIZATION DATE RANGE: 01/01/75 TO 03/31/7!1 
·---------·---------+---------... ---------... ---------·---------·---------1'---------·---------... ---------1' 

4VIIOIOO + 

88 • 
•u a 

A B BB C 
CH B 

•• CBB ANH 
E c CC EA 8 

L 

• 
T 
l 
T 
u 
D 

• 

39/03/20 ... 

D C 
CA A .. 

JBG B A .. 
H 

J 
0 E 

E 
E JBA 

• 
H II 

•LC 
F 

B 

E H 

DH 

F C 
D 

• 

B DDBC 

••• A 
B A 

• c A FH 
B 

C BC 
BB c 

F 
c A 

E GJC G 

B J 
FB AB 

• • c 
D 

BBC 
BIH D F H 

N 

• 

B 
D 
E 

J 
LV 

EC 
AB A 

AH 

BDB DC NAAA 
PKCDA 

HJO F .. £ 
C S •F•N 

C A E BO DFD 
C JA • DAD A 

M B E E 8 
0 8 B BA A A N JC• F 

AB AD•CT MR 
E BE FHG 

ll • AA D 0 DH 
DO CCB F l 
• 0 • a a 

F 
D Q 

EA 
HA B 

c F 

SYMBOl LEGEND 

SYMBOL VALUE RANGE 
LESS THAN 1. 0 

A 1.0- 2.0 
8 2.0- 3.0 
c 3.0- 4.0 
0 4.0- S.O 
£ s.o- 6.o 
F 6.0- 7.0 

( 
D 
I 
II 
I 
s 
I 

A DO A 8 AD 0 EA V G 7.0- 8.0 
AC EBAB C 8 ABf BBA A 8 H 8.0- 9.0 

3-4/00/00 + BA DC A A A A J I 9.0- 10.0 
AJ H E 8 A. G J 10.0- 11.0 

0 EE DCV H K 11.0- 12.0 

• 
HO 

D 
•o 

J 
C N C C 0 GB l 12.0- 13.0 

FO 

28/56/40 + 

F OD 
P F I 

A 
J CE 

GB 
A B 

H AC 

E 
F 

Cl 

B 
E 

A 
CF ACA 

DA HI A 

DA 
B 

A 0 
88 AD 

WI U 
AB 

M 13.0- 14.0 
N 14.0- 15.0 
0 15.0- 16.0 
p 16.0- 17.0 
Q 17.0- 18.0 
R 18.0- t9.0 
s 19.0- 20.0 
T 20.0- 21.0 
u 21.0- 22.0 
v 22.0- 23.0 
111 2J.o- 24.0 
l 24.0- 25.0 
• MORE THAN 25.0 

23/53/20 + + 
·---------·---------·---------+---------+---------·---------·---------+---------·---------+---------+ 

127146140 120/SOIOO 113/53/20 106156140 100100/00 93103120 86106/40 79110100 72113/20 65116140 58120100 

lONGITUDE (0/M/5) 

The ~ext Generation of the MFS System 

As experience is gained with the MFS system, 
suggestions have been made regarding improvements 
for the system. Some of these improvements are in 
the area of making the MFS system more "human" in 
detecting and, where possible, correcting errors. 
Other suggestions have been directed toward pointing 
out some of the limitations of the system. These 
suggestions are welcome and some have been already 
implemented. 

The MFS system was created in a modular fashion. 
Because of this building block approach it is amen­
able to change without massive redesign or recoding. 
Some of the improvements which will soon be avail­
able through the system is the ability to query 
information found in the FCC Table of Frequency 
Allocations. The Table of Frequency Allocations 
currently exists as a separate query program 
(reference 2) and its incorporation into the MFS 
system will tie allocation and assignment infor­
mation together. Another improvement which will be 
forthcoming is the ability to query the license file 
on service and class codes. This summer a project 
will be started to include the date when a station 
was first licensed to operate. This information 
will give the spectrum manager the ability to de­
velop time-series analyses and to project future 
loading characteristics of various portions of the 
frequency spectrum. Some of the long range goals 
include the addition of license information from 
sources other than the non-Government sector such 
as Government assignments, Canadian and Mexican 
stations. 
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Data Integrity- A Caveat 

There are several problems regarding the integ­
rity of the data stored on the MFS system which 
should be noted. Records which reflect mobile as­
signments do not in general have coordinate infor­
mation. Because of this situation, queries using 
a geographic description such as a rectangle or a 
circle will not retrieve these records. There is a 
problem with some records appearing more than once 
on the file. This condition arises when an update 
procedure is in error causing duplicate records to 
be left on the file. Also, assignments such as 
television broadcast stations may appear more than 
once because of the convention of storing the two 
powers (visual and aural) in two separate records. 
In conclusion, there is a problem with keystroking 
errors which of course means lost information. In 
our work we have been able to detect most errors, 
but can not correct them outside of going back to 
the source document which is the paper license. An 
analysis of the error problem is described in 
reference 3. 



TABLE 1 

SPECTRUM ALLOCATION DIVISION 
COMPRESSED MASTER FREQUENCY FILE 

RECORD LAYOUT 

I tern :-lo. Identification Start Position 
(WORD/BITS) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Record ID 
Frequency(lO Hz) 
Call Sign (coded) 
Latitude (USEC) 
Original Issue Date (YMD) 
Mobile units 
Longitude (USEC) 
RESERVED 
Renewal/Issue Date (YMDl 
Expiration Date (YMD) 
Alaskan Zone Frequency 
Band Edge Frequency 
Special Call Sign 
RESERVED 
Power (uW) 
Ground elevation (feet) 
Service (coded) 
Emission Jll (coded) 
Antenna height (feet) 
Emission if2 (coded) 
Type of power (coded) 
Class (coded) 
RESERVED 
State (coded) 
County (coded) 
Number of other emissions 
Type of authorization 
County overflow (HO~, coded) 
RESERVED 
Search lndex (0 value) 

Abbreviations used above: 
10 Hz value stored in 10 Hertz 
coded stored structure of the item 

1/0 
2/0 
310 
4/0 
4/20 
510 
5/14 
5135 
6/0 
6/16 
6/32 
6/33 
6/34 
6/35 
7/0 
7/14 
7/29 
8/0 
8/24 
9/0 
9/24 
9/27 
9/35 

10/0 
1017 
10/19 
10/22 
10/26 
10/28 
10/30 

YMD 

USEC 
is'coded by some algorithm feet 
value is stored in total seconds with uW 
a bit indicating the direction of the 
coordinate point, i.e. North, East, HOB 
South, or West. 
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Item Length 
(Bits) 

36 
36 
36 
20 
16 
14 
21 

1 
16 
16 

1 
1 
1 
1 

14 
15 

7 
24 
12 
24 

3 
8 
1 
7 

12 
3 
4 
2 
2 
6 

value is stored; 
year, month, day 
value stored in feet 
value stored in 
microwatts 
high-order bits 



MICROPROCESSOR CONTROL FOR CATV TEST INSTRUMENTS 
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ABSTRACT 

The unique measurement requirements of our industry have, in 
the past, been served by general purpose test instruments 
requiring a high degree of operator interface and understanding. 
As technology advances, the microprocessor will smooth this 
interface and improve operating efficiency. Microprocessors 
allow us to configure an instrument to handle our unique 
requirements. Application of the microprocessor in the design 
of a new simultaneous-sweep system will emphasize the areas of 
improvement made possible by the use of this versatile 
component. The use of microprocessor control allows us to 
get the most useful information for the time spent testing. 
Areas where the microprocessor has had considerable influence 
are: minimization of the number and types of controls, digital 
storage of sweep response, communication between 
instruments, and post processing of response data. These areas 
will be discussed in some detail, along with the idea of upward 
expandabil ity. 

INTRODUCTION 

Test instruments must provide the operator with some useful 
source of stimulus, the means to analyze an output from a 
device under test, or a combination of the two. In the past, 
high-frequency test instruments were general in concept, 
covering functions with broad market appeal. The unique 
requirements for CATV test instruments had to be realized 
with equipment which was not specifically designed for that 
purpose. Some of the compromises included frequency ranges, 
physical construction, and excessive operator control interface. 
Early instruments had complex mechanical linkage for tuning 
and gain control. More accurate instruments used hand­
calibrated scales to compensate for component variation. 

As varactors, pin diodes, and integrated circuits found their way 
into instruments, performance improved, more functions could 
be implemented in a given volume, and the front-pane! controls 
become a complex of push-buttons, back-lighted rotary 
switches, digital readouts, and slide-rule dials. This continued 
until it was difficult to find the power switch in the maze of 
controls. These complex control panels allowed flexibility, but 
required an operator with a high degree of proficiency. 

As we see it, the concept of microprocessor control reduces the 
complexity of the control panel and simplifies operator 
interface. The operator interface can now be "human engi-
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neered" with keyboard entries and alphanumeric readout of 
results, error messages, and system status. Perhaps the most 
important innovation of the microprocessor to instrument 
design is the fact that, because the instrument is a general set of 
hardware with a software instruction set, the software can be 
configured for specific instrument requirements with little or no 
change in hardware. 

THE MICROPROCESSOR IN A NEW SIMULTANEOUS­
SWEEP SYSTEM 

There exists a trade-off in sweep response accuracy and 
potential interference to customers. We have purposed and 
conducted a study to show the subjective interference as a 
function of time in a channel with level and repetition rate as 
parameters. With data showing various optimum combinations 
of sweep level and in-channel time, the problem of broad-band 
vs. narrow-band recovery can be addressed. 

Narrow-band recovery requires longer in-channel time and, 
therefore, low sweep level to satisfy the interference criteria. 
The resolution is minimal due to tracking bandwidth, especially 
in the areas of the channel carriers. Noise level is also a problem 
in longer cascades. 

Broad-band recovery can utilize fast sweep time, but requires a 
higher level. The broad·band recovery method eliminates the 
tracking errors, reducing the problems to minimization of the 
sweep level and maximization of the resolution of the recovered 
response. Microprocessor control of the sweep transmitter and 
recovery systems is the key to solving these problems. 

The microprocessor in the sweep transmitter allows the 
parameters to be entered via a keyboard and displayed on an 
LED readout. Inputs which are not in a programmed range are 
rejected. Valid inputs are used to set up digital-to-analog 
converters to control the sweep parameters. 

The microprocessor uses a "look-up" table in memory to set the 
level in .1 dB steps. It also blanks the output and reads a 
counter at the beginning and end of the sweep period. 
Corrections are made via separate digital-to-analog converters, 
with the end frequencies nearly two orders of magnitude more 
accurate than obtainable with standard sweep generators. 

Communication from the sweep transmitter to the recovery 
system receiver is by way of a carrier, phase-modulated with a 
serial ASCII code. Decoding at the recovery system tells the 
processor the start and stop frequencies, the sweep duration, 



and the repetition rate. The recovery system accepts data if it 
passes parity and check-sum tests. 

Following the data transmission, the sweep transmitter uses the 
data link to send a pair of pulses. The recovery system reads 
these pulses as "pass one" and "pass two". The timing of these 
pulses is precisely controlled by the transmitter microprocessor, 
and allows cancellation of common sync by the recovery 
system. At the recovery system, the microprocessor controls 
the selection of preamplifier gain, which will optimize the signal 
to noise ratio for the recovered response. 

When operating at near-carrier levels, the detected sweep 
response tends to show variations which limit the resolution of 
the instrument. The microprocessor provides several means to 
improve this situation. As the signals from the combined 
channels are summed into the detector, they create a DC value 
and a complex AC waveform. The low-frequency components 
of this waveform, as well as temperature-related DC and bias 
drift, are eliminated by an automatic-zero control circuit. 
This circuit holds the output of the detector at a constant level 
until the microprocessor sends a command which causes the 
circuit to maintain its last correcting value. Measurements are 
then made from that constant reference level. 

Elimination of DC and low-frequency errors leaves the problem 
of sync pulses from many channels. Taking advantage of the 
data I ink, the pass one and pass two pulses previously 
mentioned are used to subtract the sync pulses from the 
response, which allows the resolution bandwidth to be 
maintained at a much higher value. 

The recovery system reacts to the pass one signal, and converts 
a series of samples to digital data which are stored in sequence 
by the main random access memory. The timing from pass one 
to pass two is controlled so as to be within 1 usee of TV frame 
time. At pass two, the recovery system again converts a series 
of samples, but this time the sweep is also present. The differ· 
ence between these two series of samples replaces the sequence 
in memory, which is recalled at a 60Hz rate to refresh the CRT 
display. Since response data is stored in sequence, display 
timing and some logic controlled by the microprocessor can be 
used to convert the digital data back to an analog response at 
the CRT without using a special digital-to-analog converter. 

After the recovery system has stored the sweep frequency 
response, the microprocessor inhibits the switch mode power 
regulators, powering down the R F section along with the 
analog-to-digital converter. The memory and CRT remain 
active as the timing circuits synchronize and refresh the display. 

The recovery system processor uses the ASCII data to time out 
the sampled response. It also calculates the frequency and/or 
level of keyboard-controlled cursors as they are positioned on 
the display, the level being calculated as a function of a table in 
memory and the attenuator settings. When the .:l key is 
activated, the microprocessor calculates the difference between 
the two cursors. Results of these calculations are written on the 
CRT display in a format which is also controlled by the 
processor. 

The microprocessor monitors the system and outputs error 
messages to the CRT such as: low battery, missing input, or 
attenuator changes. 
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Expansion of such a microprocessor-controlled instrument can 
be implemented by option cards or by interfacing additional 
packages via RS232 connectors. 

Utilizing the microprocessor control and the data link, a system 
of this type can be set up to sweep the return system from a 
remote location back to the headend. At the headend or hub, 
the response can be coded on the data link and transmitted as 
data to the location under test, where it will be loaded into 
memory and displayed on the CRT. 

Data in storage can be transferred from memory to magnetic 
cards or vice-versa with little change in the basic hardware. 
Memory can be added to perform digital averaging or normali· 
zation of response data. 

The selection of a microprocessor for the sweep transmitter is 
based largely upon its support circuitry and software, while the 
main considerations for the recovery system microprocessor 
selection are low power consumption and its use of direct 
memory access. 

DIGITAL DISPLAY STORAGE 

Storage displays have typically been used to store information 
of the following types: the non-repetitive signal that would 
appear on a CRT momentarily, and then disappear; the signal 
that has a low repetition rate (usually below 40Hz); and the 
low-duty-cycle signal that is too dim to observe. Until the 
early 1970's, the instrument manufacturer's solution to this 
problem was a storage-tube display. The storage-tube displays, 
while solving to some degree the problems previously described, 
left some problems to live with or still overcome. The displays 
would "flood" if the intensity were set too high or miss data if 
the intensity were set too low, and the cost would be 
higher than the standard CRT. 

In the early 1970's, some of the instrument manufacturers 
began to develop digital storage displays. These displays are 
actually standard oscilliscope displays that are refreshed by 
semiconductor memories. The refresh rate is designed to be 
great enough to provide a flicker-free display. 

The digital storage display provides some other advantages when 
combined with a microprocessor system. The stored data in the 
display memory can be accessed by the microprocessor and 
converted to a value easily read by the operator, and alpha· 
numeric characters may be combined on the screen with the 
displayed data. This provides the operator with easy access to 
the processed data and a convient readout of the instrument 
setting. Since the data is stored in a RAM (random-access 
memory), there is no fadeout of the displayed data as long as 
the instrument power is on. Another advantageous feature if 
temporary storage is available is the transfer of the display data 
to the temporary storage area. This allows the operator to read 
the data at some later time to compare with more recently 
acquired data. This concept can be taken another step, the 
display data being transferred to non-volatile magnetic storage 
(card or tape) to be evaluated weeks or months later. This data 
could also be used for statistical processing on a computer. 

The typical digital storage display system centers around a 
random-access read/write memory. The access to the memory 
and the timing of both the input and output is under the 



control of a control timing logic circuit. The input control and 
timing, as well as the type of analog to digital conversion 
performed, is a function of the type of signals to be converted. 
Some examples are: If the input data is slowly changing X·Y 
data, then both channels would probably be converted using 
tracking A-D converters, and a periodic sample window would 
be provided by the control timing logic circuit to the display 
memory; If theY data is changing rapidly and the X input is a 
ramp, then a good approach is to use a tracking A-D converter 
on the X input and do a fast successive approximation 
conversion on the Y data whenever the X data changes; A 
third class of input signals to consider is a short burst of rapidly 
varying Y input data of a known duration, with the X input a 
timing pulse indicating the start of theY data. In this case, the 
X input timing pulse may be used to reset a counter, and to 
cause the control timing logic to take access to the display 
memory away from the display and to give it to the input 
converter. At this time, the Y conversion takes place, the X 
counter is incremented, and the data is stored in memory. This 
cycle is repeated until the counter reaches it's final state, at 
which time the display memory access is passed back to the 
display. 

The interface between the display memory and the display is 
dependent on the type of display used. Two that will be 
considered will be X·Y and raster scan. For the X·Y display, 
both the X and Y outputs come from D·A converters. The Y 
converter input is the display memory data, and the X converter 
input is the address of the data in the display memory. The 
control and timing logic increments to the next address. This 
process continues to the end of the display memory, when the 
address is reset to the start and the process is repeated. 

In the raster scan, the memory data and address are converted 
to time intervals. The memory data is converted to a time 
interval from the bottom of the screen to the data dot. This 
conversion is made by loading the memory data into a counter 
and counting it down with the video clock during the upward 
trace of the beam. The data memory address is generated by a 
counter. The counter is advanced every vertical retrace, and is 
reset at each horizontal retrace. 

DIGITAL SUBTRACTION 

The storage of the data in digital form has provided us with an 
opportunity to improve the signal-to-background performance 
of our CATV Sweep Recovery System. The signals on the cable 
are nearly periodic at the TV frame rate. This may be taken 
advantage of by sampling the cable signal one frame prior to the 
sweep, then using this stored sample to subtract the background 
one frame later when the sweep is received. This is accom­
plished by transmitting two start-sweep pulses to the receiver. 
During the first iJulse, no sweep is transmitted, resulting in the 
background being stored in the display memory. When the 
second pulse occurs, the sweep is transmitted. As the analog-to­
digital conversions take place, the background data is read from 
display memory. This background data is converted to analog 
and subtracted from the input signal. The resulting difference 
signal is then converted to digital and stored in the display 
memory. 
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MICROPROCESSOR -CONTROLLED TIMING 

The microprocessor is also used to control the major t1mmg 
events of a system. In our recovery system, these major timing 
events are: the access of the operator to modify the system 
parameters (attenuation, cursor position, display mode, etc.); 
powering up the RF and A-D conversion circuitry and accepting 
the transmitter status; the receipt of the sweep data and 
processing of new cursor values for received data. 

A time interval is made available to the operator by the 
processor to change the receiver status via the keypad. During 
this interval, the processor scans the keypad and responds to its 
commands. The length of this interval is derived from the 
sweep repetition rate data from the transmitter, and is 
converted by the microprocessor to the number of horizontal 
retraces to be counted. 

When the processor has counted down the proper number of 
horizontal retraces, it quits scanning the keypad and applies 
power to the RF and A-D converter circuitry. The processor 
then samples a device which decodes the serial data sent from 
the transmitter on the pilot signal. The received data (sentinal 
character, start frequency, frequency span, sweep duration, 
sweep reptition rate, and check-sum) is stored in the processor 
memory. For the data to be considered valid, both the byte 
parity and check-sum must match. If the data received is not 
valid, it is ignored, and the previously received transmitter 
settings are used. 

After the transmitter status data is received, the display 
memory control timing circuits are activated to receive the 
"pass one" and "pass two" sync pulses. The processor scans the 
control timing circuit waitinq for an indication that the 
frequency sweep has been received. Upon receipt of the sweep, 
the processor turns off the power to the R F and A-D circuitry, 
and calculates new cursor values based on the received 
information. 

The microprocessor is limited in respect to the speed at which it 
can provide timing signals to the system. The vertical timing 
interval for the recovery system is an approximately 63 micro­
second period. This interval is divided into 457 video clock 
cycles of about 140 nanoseconds each. The timing of the 
vertical information (characters, grid, data, cursors, and retrace) 
is controlled by discrete logic that operates at nanosecond 
switching speeds. Even some of the horizontal timing (request 
for new characters, grid, cursors, and retrace) is provided by 
discrete logic. The processor does aid in the horizontal timing 
by providing direct memory access for the display data, 
supplying the new characters when requested, and by resetting 
the direct-memory-access counter and character counter during 
horizontal retrace. These two counters reside in the memory of 
the microprocessor. 

OPERATOR INTERFACE 

The operator interface for a microprocessor-controlled 
instrument may be made relatively simple, particularly when 
the instrument has alpha-numeric readout on a display CRT. 



The system setting resides in the microprocessor memory. This 
allows the used of a simple matrix keypad instead of many 
rotary switches on the front panel. This keypad, along with the 
switches on the attenuator shaft, are connected to the micro· 
processor in such a way that the processor sees them as an 
extension of its internal memory. 

BLOCK DIAGRAM CF TYPICAL ----~ 

M !CRO FMOC ESSOf~ -~CONTROL LED I NST ~U ~E N_!_l 
1(! ALL CIH.CUITS 

t 

DETECTED OUTPUT FROM 12-CHANNEL SYSTEM. 
CENTER LINE = GND. HORZ = 2 msec/div. 
BOTTOM TRACE IS VIDEO FROM SINGLE CHANNEL 
USED TO TRIGGER SCOPE. 
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The microprocessor (and its memory components) has made 
available to the designer the tools to design complex logic 
systems at low cost and small size. These same designs 10 years 
ago would have been at least an order of magnitude more 
costly, with approximately the same increase in size. 

! SUBTRACTION CIRCUIT ) 

FROM DISPLAY MEMORY 

DETECTED OUTPUT FROM 12-CHANNEL SYSTEM. 
CENTER LINE = GND. HORZ = .2 msec/div. 
BOTTOM TRACE IS VIDEO FROM SINGLE CHANNEL 
USED TO TRIGGER SCOPE. 



DOT MODE DISPLAY OF STORED DATA SHOWING 
LEVEL AND FREQUENCY CURSORS WITH ASSO­
CIATED ALPHANUMERIC DATA. 
"M2 - Ml" (ll) INDICATES THE DIFFERENCE 
BETWEEN LEVEL AT CURSOR M2 (HORIZONTAL) 
AND LEVEL AT CURSOR Ml (VERTICAL). 
"HOLD" INDICATES SYSTEM STATUS. 
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LINE MODE DISPLAY OF STORED DATA SHOWING 
LEVEL AND FREQUENCY CURSORS WITH ASSO­
CIATED ALPHANUMERIC DATA. 
"M2 - Ml" (ll) INDICATES THE DIFFERENCE 
BETWEEN LEVEL AT CURSOR M2 (HORIZONTAL) 
AND LEVEL AT CURSOR Ml (VERTICAL). 
"HOLD" INDICATES SYSTEM STATUS. 
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I. Introduction 

With the complication of the society and 
economy and with the higher standard of civi­
lization, it is expected that necessary infor­
mation should be provided to meet various re­
quirements in many fields of individual life. 
It is desirable to develop new information 
systems such as two-way communication CATV 
system in order to meet such requirements. 
Several experimental two-way CATV systems are 
now developed in many countries.{l) 

Progress in the field of optical fiber 
transmission has been accelerated since a 
low-loss fiber of 20 dB/Km was achieved in 
197o.< 2 l Because of the notable advantages 
such as long distance transmission capability, 
enlargement of capacity, and construction 
flexibility etc., optical fiber transmission 
systems are expected to be applied in many 
fields. For a two-way CATV system appli­
cation, the HI-OVIS system has been develop­
ed and experimented in Japan.{3) 

The technology of two-way CATV system is 
classified into three major categories: vari­
ous kinds of information filing, transmission 
of audio video, facsimile and data signals and 
information processing and control. For an 
optical transmission system, we have been de­
veloped optical transmitter, receiver and 
connector. Utilizing a new type of low re­
flection directional coupler, bidirectional 
video transmission through a single optical 
fiber has been experimented using same wave­
length light sources at each end.(4) A still 
picture storage to use interactive infor­
mation retreaval is one of fundamental file 
of system. For this purpose, a new optical 
video disk which is capable of instantaneous 
add-on recording and playback has been de­
veloped. Utilizing these newly-developed 
technologies, a new interactive information 
system using optical fiber has been experi­
mented. This system is able to supply more 
advanced services, and has a more performance 
characteristics. In this paper, the configu­
ration of the system is presented. 

IT. Discussion of Optical Fiber 
Information System 

If an optical fiber cable is used as a 
transmission line, the structure of a signal 
distribution network becomes different from 
that of coaxial cable. Because of a linearity 
range of optical transmitter and receiver, it 
is difficult for a practical use to multiplex 
many video signals as in the coaxial cable by 
present technology. Therefore individual 
distribution line is necessary from signal 
source to terminal. A typical signal distri­
bution network of optical fiber system con-
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sists of multiplexed trunk lines from center 
to demultiplexing points i.e. subcenters, and 
individual distribution lines from subcenter 
to terminals. 

Generally, several signals are trans­
mitted from center to terminals such as video 
signal with sound, data signal, facsimile 
signal and stereo sound. For transmission 
line, these signals are multiplexed as shown 
in Fig. 1. A frequency assignment should be 
selected so as to minimize the interference 
or beat of signals. Baseband TV signal 
transmission is used for simplicity of termi­
nal equipment. 

Ill. Feature of System 

The optical fiber information system de­
veloped are composed of following technology, 
the computer control and communication, 
optical fiber transmission, storage of audio 
visual information, and home terminal. 
Several features of the system is as follows. 

(1) Optical transmission: The develop­
ment of directional coupler with low re­
flection ?ccomplishes a bidirectional trans­
mission through a single fiber. Using low 
loss connector and high efficiency optical 
transmitter and receiver, transmission of 
wide-band signal, for a long distance is made 
possible. 

(2) Information processing: The dis­
tributed data processing network is ac­
complished by introducing a micro-computer at 
terminal and subcenter. Under the control of 
microprocessor, each center file is possible 
to operate as an individual subsystem. 

(3) Information file: For still 
picture storage, large capacity and high 
access optical video disk is developed. 
Other equipment such as random access VCR and 
high S/N frame memory are also realized. 

(4) Home terminal: Using a capacity 
sensitive touch keyboard, subscriber can re­
quest various information such as still 
picture, moving picture and facsimile. Com­
bining terminal with equipment such as TV, 
FAX, FM, VTR and TV camera, home terminal can 
receive many services presented below. 

Basic concept for program service de­
velopment is as follows. 

(1) New community development: Because 
of increasing complexity of social structure, 
the traditional local community has been 
destroyed. There are, however, still strong 
needs for the development of the new community. 
The system offers local community news by 



video and hardcopy, mutual communication 
method by TV camera, microphone and facsimile. 

(2) Information retreaval: Complexity 
of the society, progress of technology and 
cultual changes have caused individual to get 
his own subjective information more frequent­
ly. The system satisfies these needs in­
stantaneously with audio-visual information 
and hardcopy. 

(3) Horne education: The system supports 
a various kinds of educational program in 
order for individual to catch up and well 
adapt ever-changing social environment. 

The service of the system is shown in 
Table 1. 

Service 

TABLE 1 
Service of System 

Contents 

Retransmission Retransmission of broadcast 
channel 

Local Origination 
Local news Local Community news 

Living information 

Video Arranged video program 
(News, Sports, Show time) 

Rental video 
Reservation Reservation for cooking, 

shopping etc. 

Education Simple CAI 
problem and answer 

Communication between 
Communication terminals 

(camera, microphone, FAX) 

Facsimile Hardcopy (Mernocopy) 
Document retreaval service 

Horne control Control of horne equipment 

Horne security Fire sensor 
Burglar alarm 

IV. System Configuration 

The block diagram of the system is shown 
in Fig. 2. The system consists of center, 
subcenters, transmission lines and horne ter­
minals. Each terminal is connected to sub­
center by single optical fiber. 

In Fig. 2, request data from touch key­
board at a terminal is sent to subcenter con­
troller. Collected data from terminals are 
transmitted to center communication controller. 
Processing the request data, center controller 
selects one of information files and send re­
quested information to subcenter through 
frequency multiplexed trunk line. Each out­
put signal of information files is multi­
plexed as shown in Fig. 1. At subcenter, 
trunk line signals are demultiplexed and 
enter each corresponding switcher. According 
to the control data from the center, switcher 
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distributes trunk line signals to individual 
line. Still picture is stored in frame 
memory at subcenter, and the video signal is 
transmitted to terminal. 

(1) Center: Center consists of system 
controller and information files. System 
controller is a minicomputer with disks and 
ICU (interface control unit) • For an infor­
mation file of still picture, optical video 
disk is developed. The disk is able to 
record 20,000 frame pictures and access 
randomly within a half rnili-second. There 
are several ordinary video cassette players 
for use of video service and local origination 
In addition to these, random access VCR which 
is able to access any position of a cassette 
video tape is used for video retreaval and 
transmission reservation service. Audio and 
facsimile information is stored in a digital 
disk after being processed and compressed. 

(2) Subcenter: Subcenter consists of 
frame memory, switcher and controller. Using 
a high S/N magnetic sheet frame memory, high 
quality still picture reception is accomplish­
ed. To make an effective use of frame memory, 
it is installed in subcenter instead of 
terminals. Data transmission between center­
subcenter and subcenter-terrninal each of 48 
K bps and 9600 bps respectively, is controlled 
by subcenter microcomputer. Control of 
switchers for signal distribution and assign­
ment of frame memory to terminals is also 
controlled by the subcenter processor. 
Outline of center and subcenter equipment is 
listed in Table 2. 

Item 

System 
configuration 

Number of 
terminals 

Data 
transmission 

Network 

Optical 
Video Disk 

Random 
Access VCR 

Audio File 

Frame Memory 

System 
Controller 

TABLE 2 
Outline of System 

Outline 

Center and Subcenters 

300 Terrninals/Subcenter 
20 SubcentersjCenter 

48 K bps 
(Center to Subcenter) 

9600 bps 
(Subcenter to 'rerrninal) 

Trunk line (to Subcenter) 
Distribution line 

(to terminal) 

Capacity 20,000 frames 
Access time 0.5 rns 

Numb. of material 1 'U 30 

ADPCM, 3 ch TOM 

Magnetic Sheet, S/N 50 dB 

Minicomputer PFU-300 
Microcomputer L-l6A 

(3) Optical transmission line: As men­
tioned in Chap Til, bidirectional transmission 
through a single fiber is achieved by use of 



directional coupler. Schematic configuration 
of the transmission system is shown in Fig.3. 
Characteristics of trunk and distribution 
line are listed in Table 3 and characteristics 
of optical elements are shown in Table 4. 

TABLE 3 
Characteristics of Optical Transmission Line 

Transmission 
Characteristics 

system 

Bidirectional Same wavelength and 
transmission frequency 

Bidirectional Transmitter LED 
transmission 

Receiver PIN 

Optical fiber Step index 

Modulation FM-IM 

Frequency 22MHz ± 6MHz 

Long-distance Transmitter LD 
transmission 

Receiver APD 

Optical fiber Graded index 

Modulation Analog-IM (30.8MHz) 

Bandwidth 45MHz (-3 dB) 

Wideband 
transmission 

Transmitter LED 

Receiver PIN 

Optical fiber Step index 

TABLE 4 
Characteristics of Optical Component 

Component Loss Reflection(%) 

Connector < 0.7 < 0.05 

Directional Coupler 3.7 < 0.0025 

Splice 0.1 < 0.02 

PIN -- < 0.02 

LED 12 < 0.5 

(4) Home terminal. Home terminal con­
sists of keyboard, terminal controller, TV, 
FM, FAX receivers, VTR, camera and micro­
phone. The picture is shown in Fig. 4. 

-

Touch key and display of entry data are con­
trolled by 4 bit microcomputer. Terminal 
controller has also a processer and the 
terminal can be easily expanded to have a home 
computer capability. Connecting a video RAM 
to the terminal, BASIC program can be de­
veloped independently. Developed programs can 
be transferred to center digital files for 
individual person. 
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V. Conclusion 

In this paper, visual information system 
which offers still picture, moving picture, 
stereo sound, hardcopy and TV or facsimile 
communication services has been presented. 
Utilizing advanced technique such as optical 
fiber transmission, large information files, 
communication and control,the system has 
achieved higher performance characteristics 
and higher grade of service than ever. This 
system has been experimented for verification 
of hardware and evaluation of services in our 
laboratory. 
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NARROW-BAND VIDEO: 
THE UPI "NEWSTIME" TECHNOLOGY 

Glen Southworth 
Colorado Video, Inc. 

Box 928 
Boulder, Colorado 80306 

July 3, 1978, marked the beginning of a new 
era in visual communications. On that date United 
Press, International, inaugurated "NEWSTIME" pro­
gramming which combined audio and slow scan tele­
vision to provide a unique new information service 
to cable TV systems throughout the United States. 
In NEWSTIME, UPI effectively combined the elements 
of still images from wirephoto and slide sources, 
audio from remote feeds and studio production, plus 
information from many sources to produce a basic 
15-minute news show, transmitted 24 hours a day, 
with frequent updates. 

The use of slow scan television is a key 
factor in providing economical transmission of the 
video portion of NEWSTIME. A bandwidth of only 
8 kiloHertz allows a picture update time of 8~ 
seconds, with the viewer seeing a horizontal "wipe" 
when a new image is transmitted. Eight kiloHertz 
channels are not too common in the case of terres­
trial communications, and consequently satellite 
transmission via RCA Satcom was chosen for signal 
distribution. Slow scan video and audio are "piggy­
backed" above the baseband video signal of Super 
Station WTCG in Atlanta by means of two low-ampli­
tude subcarriers at 6.2 megaHertz for video and 7.4 
megaHertz for audio. 

Figure 1. UPI NEWSTIME PRODUCTION 
FACILITIES AT DOUGLASVILLE, GEORGIA 

The NEWSTIME program starts out with "real 
time" video, is scan-converted to narrow-band TV 
for transmission, and then reconverted to EIA 
standards for normal distribution throughout the 
cable system. This approach provides a great deal 
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of program production flexibility using readily 
available, conventional hardware. Three-quarter­
inch, U-Matic video cassette recorders were chosen 
as the most convenient method of assembly, ed1ting, 
and playback of the combined audio-video program. 
Audio is reproduced normally, while the video por­
tion of the tape playback is fed to a sampling type 
of scan converter which produces a high quality 
slow-scan TV signal. 

"""""'I COPY 

SLIDE 
PROJECTOR 

Figure 2. BLOCK DIAGRAM OF UPI 
PRODUCTION EQUIPMENT 

The scan conversion process involves taking 
one narrow sample from each line of the active TV 
raster, starting at the upper left hand corner of 
the picture and generating a vertical column or 
visual "slit". Each of these samples (less than 100 
nanoseconds wide) is then "stretched" out to approxi­
mately 64 microseconds, thus filling in the gaps. 
On succeeding TV fields, the sample row is slowly 
moved from left to right to convert the entire 
image. The field rate of the original video signal 
now becomes the line rate of the slow scan TV signal, 
and the scanning format is rotated 90 degrees. Line 
sync pulses are added to the slow scan video in a 
fairly conventional manner, except that two separate 
widths of sync pulses are used in order to identify 
the field from which the original sampled information 
came. A short 400 Hertz tone also precedes the 
start of each new image in order to initiate the 
picture reconversion process at the receiving 
station scan converter. A more comprehensive des­
cription of the slow scan signal format is listed 
in table one, but it is important to note one other 
special characteristic, that of "dot-interlace", 
which results in a subjectively superior picture 
with reduced number of picture elements, an important 



consideration in terms of faster transmission 
times and in the lowering of memory size require­
ments at the receiver. 

Figure 3. BLOCK DIAGRAM OF UPI 
SCAN CONVERSION SYSTEM 

The sampling scan converter is a relatively simple 
device which produces high quality output signals. 
It does, however, require that the video signal 
fed into it be "stationary" for the length of 
time required for the conversion process. This 
condition is easily met by continuously recording 
an image for 9 seconds on the video cassette tape, 
and using a short tone burst on the second tape 
audio channel to start the sampling procedure. 

The present NEWSTIME system reproduces 
monochrome pictures only, but provision has been 
made for later addition of color. The first step 
in this direction will probably be the incorpora­
tion of colored titles, borders, or simple graphics. 
It is also feasible to generate full color images 
with slow scan TV technology, but program produc­
tion factors and other considerations make the 
introduction of this form of transmission somewhat 
further downstream. 

The receiving part of the NEWSTIME system 
uses a standard earth station with a two-channel 
subcarrier demodulator recovering audio and slow 
scan signals. Again, the audio portion is used 
directly, but the slow scan video is fed to a scan 
converter which reconstructs the original pictures 
in conventional EIA format for subsequent distri­
bution over the cable system. The receiving con­
verter is actually more complex than the one used 
at the transmitter because of the need to incor­
porate a memory capable of storing a complete 
1mage. Solid state computer technology is used for 
this purpose, and the memory is organized as 
256 x 256 picture elements per field with 6 bits 
per element for grayscale, giving a capability of 
64 shades of gray. The dot-interlace format used 
means that picture elements are "staggered" hori­
zontally on a field-to-field basis, giving greatly 
improved subjective horizontal resolution. An EIA 
test pattern reproduction will appear to have 
nearly normal vertical resolution and approximately 
270 lines on the lateral axis. 

An internal sync generator with gen-lock 
capability provides timing for the receiving scan 
converter. The gen-lock allows additional opera-
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Figure 4. OFF-SCREEN PICTURE OF 
RECONSTRUCTED SLOW SCAN TV SIGNAL 
MID-WIPE 

tional flexibility for the cable operator in terms 
of local titling or signal mixing. The sync gen­
erator also produces a 3.58 megaHertz subcarrier 
signal for use with external "colorizing" circuits. 

NEWSTIME has opened up some important 
opportunities in providing a variety of economical 
special services. The relatively small video 
bandwidths used means that many channels could be 
added to existing and proposed satellite trans­
ponders. In fact, if a single transponder were 
devoted to transmissions of this nature, it could 
handle approximately 100 simultaneous slow scan 
plus audio programs. News, information, instruc­
tion, and teleconferencing applications are all 
adaptable to the slow scan format. Not only is 
transmission much more economical than "real time" 
TV, but program production may be greatly simpli­
fied, even down to a one-person operation. 

Figure 5. COLORADO VIDEO MODEL 262A 
VIDEO COMPRESSOR 

Figure 6. COLORADO VIDEO MODEL 275 
VIDEO EXPANDER 



On the local level, slow scan TV can mean 
special services that would be completely imprac­
tical otherwise. Literally hundreds of narrow 
band video signals can be "stuffed in the cracks" 
of the cable system to interconnect schools, fire 
departments, police stations, hospitals, and other 
institutions with visual communications. Even 
when the final pictures end up on a broadband 
channel, as in NEWSTIME, the relatively low 
production costs and ease of multi-point program 
origination, via the cable or dedicated telephone 
lines, can provide some attractive opportunities. 

The present thrust of technology appears 
to be definitely in the direction of improved 
performance and lower costs of slow scan TV hard­
ware. The possibilities seem well worth investi­
gating by the cable industry. 

Table One 
UP! NEWSTIME SLOW SCAN TV SIGNAL FORMAT 

Line: Scans perpendicularly, top to bottom, at a 
rate of 60 lines/second. Line is composed 
of sampled data with the number of elements 
being equivalent to the number of lines in 
one field of the input signal. Line blank­
ing interval is the same as the field 
blanking of the input signal. Adjacent 
slow scan lines will be "dot-interlaced" 
due to the 2:1 interlace characteristics 
of the input signal. Resolution is essen~ 
tially the same as the vertical resolution 
of the input signal. 

Line sync is 0 to -2 volts, .5 ms or 1 ms 
duration depending on field sampled. 

Frame: A 400 Hertz "start burst" precedes the 
initiation of the frame which scans horip 
zontally from left to right at a rate of 
8.53 seconds per picture. Horizontal con­
version linearity is 1% or better. 

Video: -DC coupled, white postiive, 0 to 4 volt 
output level. 

-Frequency components to 8 kiloHertz may be 
present, but for average pictorial material 
most of the spectral energy will occur at 
60 Hertz and harmonics thereof. 

-Conversion Amplitude Linearity: less than 
3% distortion. 

-Conversion Signal to Noise Ratio: 40 db 
unweighted. 

-Conversion Sampling Aperture: nominally 
50 nanoseconds. 

-0-
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PAY PER VIEW, SECURITY, AND ENERGY CONTROLS 

VIA CABLE: THE RIPPLING RIVER PROJECT 

Clifford B. Schrock 

C.B. Schrock and Associates, Inc. 
Aloha, Oregon 

Abstract. 
Control of Pay Channels, Security 

Systems, Energy Controls, and Meter Reading 
have been talked about or demonstrated on 
an experimental basis. This paper de­
scribes the implementation of an actual 
CATV system located in Wemme, Oregon to 
begin operation in early 1979. The system 
will utilize two-way data communications 
on the cable to offer each resident a 
choice of Cable, Premium TV, Security, and 
Energy Control systems. Metering and load 
shape reading will be demonstrated in con­
junction with the local power company. 

Security, Energy, and Pay Per View 
Services offered to Two-way cable 
subscribers. 
A small planned community in Oregon 

will soon be the site of a test of on-line 
security and energy control services in 
addition to the entertainment services 
normally provided by cable. The system 
is the first test nationally to utilize 
a controller designed by C.B. Schrock and 
Associates, Inc. of Aloha, Oregon. The 
first system serves to demonstrate the 
versatility of the universal data handling 
system that the Company has developed. 

The home unit called a Universal 
Addressable Data T2rminal (UADT) is a 
microprocessor based controller that con­
verts the cable to a data bus and then 
reads the bus back into the cable. Func­
tional modules containing a minimum of 
hardware are then plugged onto the UADT 
"bus". Modules in production today in­
clude CATV and Pay, Security, and Energy. 
The capability for any other services 
such as polling of subscribers, utility 
demand reading, status monitoring, and 
sophisticated data services such as credit 
card verification and point of sale ter­
minals are all easily accommodated with 
speciality modules. 
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Headend control and protocol (or 
language) of the system is also very 
basic. A major design goal was to provide 
a simple system so that a typical system 
operator could use and change operation 
easily, without hiring an expensive com­
puter programmer. The ASCII standard 
found on most teletype and home computers 
is used for all commands. To interrogated 
a box in the system, four ASCII characters 
selects any box, two more select the 
module, and a question mark (2)or (ENQ) 
interrogates the status of the box. The 
sub-modules are also controlled (such as 
turning off lights or a furnance) with two 
characters per module. 

Figure 1. Universal Addressable Data 
Terminal for cable television systems is 
shown with a cable and preimium control, 
a security and alarm, and energy modules 
installed. Unit is mounted in any pro­
tected area and the house drop is looped 
through the unit. 

Advantages over other systems. 
A number of systems have been proposed 

or are in use that use single direction or 
the bi-directional capability of the cable 
for alarms, tap control, subscriber polling, 
energy controls, and TV selection or rating. 
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Figure 2. The UADT home terminal contains 
a receiver, transmitter, power supply, and 
a microprocessor controlled data converter. 
The receiver and transmitter share the same 
crystal oscillator. 

Each horne or remote terrniaal usually houses 
what is felt to be an optimum configuration 
for the speciality service desired and the 
data transmission format is chosen for 
the job. These systems are then polled or 
updated by a central computer. 

The present approaches, however, cause 
a number of problems. The hardware and 
the data length are fixed at the time of 
manufacture inhibiting the capability for 
services which may not of been envisioned. 
The concept of polling individual sub­
scribers in a rapid fashion necessary to 
detect ehanges (such as an alarm) is very 
wasteful of the data transmission medium, 
especially when the probability of an 
alarm is very low. 

The present two-way service devices 
in-mass also raise another major problem, 
that is the need for multiple headend 
computers, carrier frequencies, data for­
mats, all of which are incompatible with 
each other. 

The new system offers both hardware 
and software expandibility. Virtually 
all cable Blue Sky Services are data 
services so the Company has produced an 
efficient data handler. A mix and match 
system using one of the international data 
standards is considered to be the only 
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approach that will not be obsolete before 
it is installed. 

Accordingly, the microprocessor based 
controller uses a fast, but accurate data 
format, and has a number of operating 
modes including a Simple mode for horne 
alarms, a Complex mode for data services, 
and a All Call or Service request mode for 
alarms and interrupts. All modes are 
available in each controller and can co­
exist on the same system carrier. 

The Central Headend Computer. 
A central processor or computer is 

located at the headend or any other single 
location within the system. The interface 
unit provided by the company consists of 
data storage, serial to parallel converters, 
and the necessary RF transmitter and re­
ceiver to interface to the system. A 
single parallel standard plug (Centronics 
Standard) is chosen depending upon the 
number of subscribers and the task. Any­
thing from a simple TTY or horne computer, 
to a complex cornmerical million dollar 
unit can be connected. This flexibility 
allows an operator to start small, pos­
sibly experiment, then upgrade without 
having to buy new horne terminals or a new 
headend interface. 



The computer controller is outfitted 
with peripheral off the shelf devices such 
as remote printers (possibly located in 
a fire, police, or dispatch location). 
For larger systems additional memory in 
the form of large core, disc, or tape can 
be connected so that information can be 
obtained "on line" to aid in the dis­
patching of fire, police, energy and the 
non-specified functions. 

Interconnection capability from the 
computer is provided to external sources 
or computers such as banks, utility com­
pany computers, information sources, as 
deemed desirable by the CATV system so that 
data originating in the CATV system, or 
desired in the system, can be freely trans­
mitted bidirectionally from external 
sources to or from any point in the system. 

The entire headend interface "modem" 
is housed in a single rack width 3-1/2 inch 
high unit. It is supplied complete with 
a 24 hour real-time clock, audible alarm 
and external outputs, and an RS-232 inter­
face for remote or local printer use. 
Priced at $2000, the unit provides all 
headend functions except for the actual 
computer. With the present home computers 
that are available, the entire headend for 
a small control system could be implemented 
for under $4000. 

Technical Details of the System. 
Serial Data Signals on a FM carrier 

along with CATV television signals enter 
the UADT data through a coax connector 
(74 or 118-136 MHz). An inductor taps the 
incoming RF line connecting to the powering 
compartment in so that cable powering of 
the device can be accomplished if desired. 
A blocking capacitor isolates cable powering 
and an MOV device protects the box from 
transients, passing only RF signals. An 
RF stripline on the motherboard contains 
directional complers for the receiver and 
transmitter. 

f~~~~~- Motherboard contains RF 
couplers for the receiver and transmitter 
(lower edge) and primary address coding 
(right center) . 
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The receiver combines many special 
features to provide accurate data handling 
capability and reliability with low cost. 
The receiver is a crystal controlled, 
super-hetrodyne FM design using very low 
parts count. The receiver consists of an 
input preselector, J-FET mixer--amplifier, 
single crystal oscillator, and a ceramic 
filter IF. A single IC is the IF, detector, 
and audio amplifier. A simple comparitor 
and DC restore circuit provide clean data 
for the MPU board. 

The heart of the UADT is a micro­
processor (MPU) using a propriatary pro­
gram, the microprocessor locks onto the 
incoming data stream and generates syn­
chronous clocking. The header and address 
of incoming signals are compared to a diode 
matrix on the motherboard until the address 
of the location is recognized. The MPU 
then latches the sub-address and message 
to the output bus of the data terminals. 
If commanded to read, the same sub-address 
and output bus is strobed in reverse, and 
the data is regenerated in a serial se­
quence and transmitted to the central 
controller. 

The entire digital function of the 
UADT is performed using a single chip MPU 
located on one circuit card that plugs onto 
the motherboard. Two data speeds are being 
offered; an extremely low cost 2400 baud 
unit, or a 30K baud standard MPU. 

The transmitter is a simple keyed CW 
design using existing state of the art 
design followed by a harmonic L.P. filter. 
The transmitter has four failsafe systems 
to prevent accidental runaway, since this 
single defect could lockup the systems. 
The safeties are: MPU data checks to guard 
against continuous data being fed to the 
transmitter, power supply pulldown in event 
of continuous transmission, and an R.F. 
monitor point that is checked by the MPU. 
In event of all three failures, the UADT 
can, on command, blow a fusable link po­
wPrino the transmitter. 

Figure~. A prototype of the high speed 
(30 kB) t•!PU is shown. A single chip 
microcomputer (Intel 8048) performs all 
address recognition, formatting, super­
vision, and self test of the home unit. 
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Figure 5. Flow chart of the microprocessor 
program in each home terminal. Note that 
three control modes are available: Simple 
Complex, and the All Call. Modes are 
automatically selected by downstream data. 
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A unique feature of the receiver 
system is the clock regenerator. Rather 
than encode clock onto the data stream 
which requires additional bandwidth, the 
system idles between transmissions with a 
half-rate clock signals. All messages are 
sent synchronously without header infor­
mation on each bit. The clock is extracted 
directly from the data using a phase lock 
loop sample and hold regenerator. The cir­
cuit consists of an edge finder, driving 
an error amplifier. Whenever a data 
transition occurs, it is compared to the 
internal, free running clock. If an error 
exists, a sample and hold voltage is 
applied to the oscillator. Because data 
or "idle" clock is continuously present, 
long time constants are chosen so that it 
takes many clock transitions to either 
drift or correct an error. This has 
proven to be effective for reliable data 
transmission. 

Expandability is provided by esta­
blishing the intermediate bus. The bus 
consists of 8 data lines and 8 address 
lines, as well as read, write, and simple 
control lines. Powering is also available 
on the bus. A push on R.F., coax connector 
is also a part of this bus. The bus was 
established to permit external modularity 
and expandability. Simple decoding to the 
bus for low cost services can be accom­
plished with a handful of parts. However, 
the design permits complex, or large num­
bers, or both to be accommodated. The R.F. 
portion of the bus can be continued for 
functions such as CATV switching. Using a 
narrower module that only fits over the 
data bus, functions such as alarms or 
energy controls not requiring R.F. can be 
accommodated. 

Figure 6. The bus extends through each 
specialty module. Up to 256 specialty 
modules could theoretically be stacked 
onto one UADT. 
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The protocal of the system has a num­
ber of special features "to allow for simple 
low cost operation, with expandability to 
complex operations. Each UADT terminal 
has the capability of 256 function modules. 
However, in the SIMPLE mode, determined 
automatically by the commands received, 
each home box is simplified to handle 
seven modules, which is adequate for most 
residences. For larger installations, 
such as apartments or businesses, the 
COMPLEX mode can be software selected, and 
allows up to 256 modules or functions at 
each UADT. The COMPLEX mode also can 
handle serial data transmission. Mass 
interrogation of critical functions such 
as alarms is accomplished using a binary 
tree sequence. Since most alarm functions 
occur only occasionally during the year, 
continual interrogation is felt to be in­
efficient. Test routines are built into 
the system to allow for: Parity and check­
sum on data as necessary, command control 
and shut-down of transmitter, continual 
verification of the status of all terminals, 
transmitter, receiver, and power supply 
status of terminals. A distress signal 
will be sent to the central computer by 
a box in event of tampering, power failure, 
or other problems within the home unit. 

Cost reduction in design. 
Some of the features that achieved the 

low terminal cost are the use of a simple 
receiver. The FM receiver uses minimum 
parts count, a ceramic IF filter and a sin­
gle FM chip IF discriminator. Receiver 
and transmitter can share a common crystal 
oscillator. An AM return channel trans­
mission scheme is used for simplicity in 
the transmitter design, as well as de­
creasing the acquire time at the central 
receiver location. 

~~\.!._~ __ :0 Each specialty module contains 
this master decode board. Depending upon 
the functions required, the board can be 
loaded with input-output drivers and 
isolators. A 4-input module is shown. 



However, the biggest cost reduction 
is due to the use of the single chip 
microcomputer. A crude version of the 
box was executed a few years ago requiring 
over 50 TTL packages but was not cost 
effective. The real breakthough in design 
cost and flexibility, however, came with 
the introduction of the single chip micro­
computer. The basic home controller has 
been designed around the Intel 8048 chip. 

An entire home system fully loaded 
with four modules (TV and Pay TV, Security, 
Energy, and Meter Reading) can be installed 
for as little as $700 including all the 
hardware and labor. .The cost of the system 
can be added to the price of a new home. 
Older homes can be easily retro-fitted for 
various services due to a unique kit 
approach to the energy and alarm controls. 
The Company feels that existing CATV in­
stallers could be adapted to perform the 
additional installations for the extra 
services. 

The first system. 
The first commercial installation of 

the system is in Rippling River, a 
planned community and convention center 
in Oregon that will eventually have 980 
residential units. The homes will each 
have their own controller (UADT) while 
the condominium-type dwellings will be 
served, four or eight units per controller. 
All homeowners will have the choice of 
Cable TV, movies from a satellite receive 
station, alarm service, energy conserva­
tion, and meter reading (paid by the 
utility company). In addition, extra 
functions have been provided in the form 
of a message light system and TV theft 
alarm for all rentable units. The system 
will be in operation in mid-summer of 1979. 

The developers of the planned com­
munity feel that the biggest advantage of 
this system over stand-alone home computers 
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is the central reporting function. A 
large data base and computer can be lo­
cated in the lodge and office facility. 
Alarms, for instance, will be dispatched 
to the appropriate agency with complete 
information such as the location within 
the home, nearest fire hydrant, name of 
insurance company, and any medical problems 
noted for the resident. 

Energy controls are much more soph­
isticated than a stand-alone system since 
the central computer can factor weather 
forecasts, ground moisture, outside 
temperature, and total energy demand. 

The Rippling River's CATV system 
will include the following system: 

• Television and FM service -- 5 local 
off-air TV stations, message 
channel, weather channel, and 
Channel 17 (via satellite). 

• Premium Movie Service-- Pay per 
view (via satellite). 

• Security -- Entry alarms, fire 
alarms, emergency alert panel 
(Fire, Police, Medic), and a light 
cycling outlet. $400 installation 
and $11 per month. 

• Energy Conservation -- Termperature 
turndown, waterheater control, out­
side lighting control, sprinkler 
controls and load leveling. $200 
installation, $6 per month. 

Other services at the community 
utilizing the coax cable will be a message 
light system for rentable rooms, a TV 
theft alarm, holding tank alarms, and an 
exten~ive CCTV system covering the golf 
courses, tennis courts, swimming pools, 
and night parking areas. 

The data headend contains a dual 
DEC PDP-11-32 controller with remote 
printing terminals in the convention 
center and dispatch location: The entire 
CATV system, headend, and home terminals 
will have a minimum of four hours stand-by 
power. 



POTENTIAL USE Of' MICROCOMPUTERS 

THE THREATS TO TECHNICAL PERSONNEL, MANUFACTURERS AKD OvmERS 

Raymond E. Daly IV 
President 

Computer Cablevision, Inc. 
Washington, D. C. 

Abstract 

ThE: two-edged sword of 
mi.crocomputers is becGming apparent to 
many cable television technical 
personnel, managers and owners. Wbile 
the potential uses abound, 
microcomruters are threatening cable 
television. The way systems are 
evaluated is threatened. The lack of 
progr~ms for cable television 
threatens this industry. 
Microcomputers threaten the present 
methods of electronic design. And the 
competition will use micrcccmputers to 
thrEaten the industry. The impact of 
microcomr-uters could be as much or 
more than the impact of satellite 
distribution if the challenges are 
met. 

The problem is the computer. Nc, 
they're not expensive any more. That may 
be part of the problem. No, they're not 
difficult to use. And that may be part of 
the problem. And no, they're not 
unreliable. And this too may be part of 
the problem. But they do pose a threat. 

THREAT TO PFESENT WAY OF EVALUATING BUSINESS 

The advance of electronics has brought 
a variety of marvels. The introduction of 
satellitEs to cable television by Home Box 
Office and RCA threatened the previous 
ways of doing business in the industry. 
Now it is standard procedure to consider 
satellite reception as part of any cable 
television system.. Regardless of whether 
an earth terminal for receiving satellite 
signals is already used in the plant, the 
value of the system is affected by this 
tEchnology. 

With microcomputers the previous ways 
of doing business are likewise threatened. 
Just as most technical personnel may have 
thought that HBO's decision to distribute 
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via satellite would never effect them or 
their cable system, the same is probably 
true about how you think about 
microcomputers and cable television. 

Cable television is in the forefront of 
satellite distribution. Now public 
television, radio networks, and some 
broadcast television syndicators are 
joining in. And broadcast televisjon 
networks are not far behind, perhaps just 
waiting for AT&T. But, the people in this 
industry have kept pace with the 
developments in tt.is technology and this 
has produced results. 

THREAT OF COMPUTER SOFTWARE 

With microcomputers it appears that 
several people are also concerned. Many 
are so concerned that they have spent 
their own hard earned money to buy a 
microcomputer. Several small systems have 
purchased them. And some of tt.e larger 
companies either have purchased or are 
considering purchase of m.:Lcrccomputers for 
their personnel. 

Articles in the trade press, like my 
column "On Computer:=" in CATJ, and 
presentations and papers like--fhis one 
support computer uE".erE.. Each month in my 
column a short prograrr: is listed which 
helps solve a cable television problem. 
To date these programs include: 
"Geostationary Satellite Finder", "Cable 
Power Design", "Feeder Design", 
"Coordinate Distance Calculation", and a 
"Feeder Design for Sylvania Arr:plifiers". 
Users of microcomputers are supporting 
this effort by contributing programs. And 
I thank them. 

But most owners of microcomputers arE 
searching for more programs. Like I said 
in the opening, the problem is the 
computer. It is fairly inexpensive to 
purchase, operate, and maintain. It 
almost seems too easy to do. 

But this is part of tte threat. The 



computer is deceiving because it is only 
half ttere. The other half is the 
computer program. Be:sides articles ir' the 
trade press, there are few other places to 
turn for programs. This is the threat 
which may impede the devecloprnent of 
microcomputers in this field. 

No computer manufacturer is going to 
offer cable television software to this 
industry. The industry must develop the 
programs itself. Manufacturers have much 
to gain, They could offer programs wb.ich 
show how to simply design plant with their 
equipment. Or how certain equipment 
operates. Or how to properly adjust 
equipment. Both educational and useful 
programs are necessary. 

Microwa,~e and satellite earth station 
suppliers have much to gain by providing 
microcomputer programs. Designing and 
planning either type of station requires a 
variety of calculations to be perfcrrned. 
While programmable calculators can do some 
functions, microcomputers provide a better 
means to both explain the necessity of the 
calculation and make the computation. One 
company has an excellent program on a 
programmable calculator comparing the cost 
of various earth station equipment. Such 
a program on a microcomputer would be even 
more effective and would interest many 
owners. 

An opportunity exists for any company 
or individual in the microcomputer field. 
An important part of any business is to be 
recognized as a leader in the field. With 
an excellent program, any manufacturer or 
person can easily gain an excellent 
reputation. For years they could be 
recognized as having the best program and 
this can add to their success. 

THREAT TO ELECTRONIC DESIGN 

Cable television is a vital part of the 
electronics industry. And as any casual 
observer knows the field advances quite 
rapidly. This industry is a leader in 
both satellite communications and optical 
fibers. Such new technolgy requires both 
the technician and engineer to constantly 
learn about new developments. 

In electronics the vacuum tube was once 
king. With the advent of the transistor, 
tubes are used very little. And now 
integrated circuits, sometimes known as 
black boxes, are replacing transistors. 
But the most fundamental change is the 
microprocessor. 

The microprocessor is part of the 
threat. Without the microprocessor, small 
computers like the Radio Shack TRS-80 
would be impossible. They can 
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substantially reduce the costs and size of 
electronics packages. They make the 
design of electronic products dependent on 
programs and very little on test circuits 
"'nd soldering. This changes the way of 
doing "business" for most engineers and 
technicians. 

For example, Cliff Schrock recently 
wrote an article about his "Blue Sky Box" 
in "Communications- Engineering Digest". 
"Security, Energy and Pay-Per-View", 
describes an elegant, flexible and 
relatively low-cost method of providing 
auxiliary services on a cable television 
system. Cliff states that "the real 
breakthrough in design cost and 
flexibility carne with introduction of the 
single chip rnicrocomput.er. " And all 
special services will be digital. 

COMPETION WILL ATTACK WITH 
MICROCOMPUTEf:S 

And this is a threat. Unless an 
engineer or techician has an appreciation 
for microcomputers, it would be very 
difficult for them tc. make such necessary 
services available on their system. For 
the industry to continue its progress 
technical personnel and owners must become 
aware of the rni.crocomput:er and its 
implications. 

With the assistance of General 
Instruments, the parent company of Jerrold 
Electroncis, Ma tel Electr(.nics, better 
known for their games, recently introduced 
their limited microcomputer c.:.lled 
Intellivision. (What is television now 
stupivision?} There was much speculation 
in 1978 that Jerro]d was going to 
introduce such a microcomputer to mate 
with cable television systems. Such a 
device is necessary. 

In Europe, and on an experimental basis 
in the United Ststes, the vecrtical 
blanking interval is being programmed. 
More information is being provided with 
that brief "time" in tte television 
transmission than is available in most 
daily newspapers. It makes the "data" 
services provided on cable systems look 
amateurish. While it does require a 
special home decoder, its cost should be 
quite low when mass produced for the 
millions of U. S. television homes. This 
too is a use of microcomputers. 

Several cornpc:nies, including Digital 
Broadcasting in McLean, Virginia, and the 
Digicast Project in Calfornia, are 
offering or planning to offer computer 
services to consumers using broadcast 
facilities. It appears that if cable can 
not offer such "blue eky" services, tte 
entrepreneurs are c:pproaching 



broadcasters. The competion with 
broadcasters remains. 

Microcomputers effect the future 
development of cable television. First, 
they threaten the present way of 
evaluating a cable television system, and 
technical personnel should be aware of 
this. Second, there is currently a lack 
of programs in the cable television field 
which threatens microcomputer development 
and provides an oportunity for companies 
and individuals. Third, it is important 
that microcomputers are understood because 
many new advances in electronics have them 
at the heart of their design. And fcurth, 
the competion in this electronics industry 
is already starting to provide digital 
auxiliary services which has important 
consequences for cable television. In 
order to compete, technical personnel, 
managers, and owners must understand 
microcomputers. 
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POWER SUPPLY REQUIREMENTS AND VOLTAGE CALCULATIONS 
FOR CABLE POWERED CATV SYSTEMS 

James K. Waldo 

I am reminded repeatedly of how very 
basic and straightforwared calculating 
voltage drops and subsequent amplifier 
voltage inputs is. I have learned, that 
unless calculations are made on a consis­
tant basis, though they are basic, aren't 
quite as straightforward to the average 
technician as one may think. If the 
Chief Engineer, Design Engineer or who­
ever is not familiar with how to calculate 
voltage drops and subsequent voltage 
inputs to the various amplifiers, the end 
result can be very costly. The following 
is an attempt to show and or explain how 
these calculations are made, so that the 
end result will be a well-designed power 
distribution system as well as a well­
designed RF system. 

Some basic rules of thumb will keep 
you in the ball park. 

30 Volt Systems 

1. Approximately two (2) trunk 
stations in both directions of 
the power supply with no more 
than three (3) extenders off of 
each one. 

2. Minimum input voltage to an amp 
should not be less than 22 Volts 
AC. 

60 Volt Systems 

1. Approximately three (3) trunk 
stations in both directions of 
the power supply. 

2. .t>1inimum input voltage to amp 
should not be less than 45 Volts. 

3. No more than three (3) extenders 
per trunk station. 

These are merely rules of thumb that 
will do nothing more than get you in the 
ball park prior to the actual 
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calculations. Do not use just the rules 
of thumb without actual calculations or 
you will get into trouble. 

Remember: IR drop is the voltage 
drop in the cable preceding the amplifier 
and is equal to the total current 
associated with that drop times the loop 
resistance of that drop. 

Loop resistance is defined as the 
resistance of a piece of cable shorted 
at one end and measured at the other 
between shield and center conductor. The 
unit of measure is in ohms. In manu­
facturer specs., it is usually given in 
ohms per 1,000 feet. 

You must look up the loop resistance 
for the cable in your system. In the 
majority of our cable systems, constant 
current amplifier power supplies are 
used and the manufacturer's specs. can be 
obtained from the amplifier literature. 

The current requirements are greater 
for amplifiers in 30 volt systems than 
for 60 volt systems. 

Most modern day systems are built 
with 60 volt power supplies, as more 
amplifiers may be fed per power supply 
and surge immunity is improved. 

The current state of the art 
amplifiers utilize what are called 
switching regulator type power supplies, 
whereas the current is not as constant 
as is the power. The Jerrold SJ amps 
are of this type. The manufacturer's 
specs. for these types of amplifiers 
gives the power requirements of each 
station. For the purpose of this paper, 
you are to utilize the average current 
given in the manufacturer's specs. in 
the described procedure for calculating 
IR drops. 

EX: Model SJ-1 A trunk station, 
power requirements utilizing the SPCM 
switching regulator type power pack, is 
31 watts (approximately .52 amps at 
60 Volts). 



The Starline One series amps utilize 
constant current power supplies, as do 
amplifiers utilizing the SPP-30 and 60 
volt power packs. These are often 
referred to as constant current series 
regulator type power supplies. 

Exhibit A will take you through the 
calculations for IR drops and subsequent 
input voltages to each amp for a 60 volt 
system utilizing Jerrold push pull amps 
with SPP-60 volt power packs. 

Edrop(A) 

Edrop(B) 

Refer to Exhibit A 

IT (total current required of 
amplifiers in Section Z) X 

R (loop resistance of .7SO 
cable between power supply 
and amp #3) 

3.0S (amps) X .63 (ohms) 

1. 92 Volts 

IT (total current required of 
Section X) X 

R (loop resistance of cable 
between amp #3 & 4) 

l.BS (amps) X 1.26 (ohms) 

2.33 Volts 

Amp #4 Voltage Input = Power Supply 

Voltage - Edrop(A) - Edrop(B) = 

60- 1.92 - 2.33 = SS.7S Volts 

Edrop(C) 

Edrop(D) 

IT (total current requirement 
of Section Y) X 

R (loop resistance of .7SO 
cable between power supply 
and amp #2) 

3.0S (amps) X .63 (ohms) 

1. 92 Volts 

IT (total current requirement 
of Section W) X 

R (de loop resistance of .7SO 
cable between amp #2 & 1) 

1.2 X 1.26 = l.Sl Volts 
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Amp #1 Voltage Input = 60 - Edrop(C) -

Edrop(D) = 60 - 1.92 - l.Sl = 

S6.S7 Volts 

Amp #3 Voltage Input 60 - 1.92 

S8.08 Volts 

Amp #2 Voltage Input 60 - 1.92 

S8.08 Volts 

After the Input Voltage to each 
trunk station has been established, IR 
drops for distribution lines are calcu­
lated and subsequent input voltage to 
each extender. Once input voltage to 
each trunk station has been established, 
it becomes the source voltage for all 
extenders off that trunk station. 

Input voltage to each extender off 
a trunk station is then figured as 
follows: 

Compute the IR drop for each 
extender in cascade off each distribution 
leg of the associated trunk amp, begin­
ning with the furthest extender in 
cascade. Remember to add the required 
current of each preceding extender as 
you calculate IR drops towards the trunk 
amplifier. Input voltage to the furthest 
extender off a trunk amp is equal to the 
trunk amp input voltage minus the total 
of all IR drops in between the trunk amp 
and the furthest extender. 

EX: Distribution leg with three 
extenders off of amp #4. 

1. Figure IR drops first. 

Extender "A" IR .3S amps X 1.44 ohms 

(2. 4 X • 6) .SO Volts 

Extender "B" IR .3S amps X 1.44 ohms 

(2. 4 X • 6) .SO Volts 

Splitter to Extender "C" = .7 amps 

(IA + IB) X .48 ohms (2.4 X .2) -

.34 Volts 



Extender "C" IR = 1.05 amps (IA + IB + 

Ic) X 1.56 ohms (2.4 X .65) = 

1.64 Volts 

Voltage Input Extender "A" = 55.75 Volts 

(voltage input to trunk amp #4) -

1.64 Volts (IRe) - .34 Volts 

(IRsplitterl - .50 Volts (IRA) 

53.27 Volts 

Voltage Input Extender "B" = 55.75 Volts 

(voltage input to trunk amp #4) -

1.64 Volts (IRe) - .34 Volts 

(IRsplitterl - .50 Volts (IRB) 

53.27 Volts 

Voltage Input to Splitter= 55.75 Volts 

(voltage input to trunk amp #4) -

1.64 Volts (IRcl - .34 Volts 

IRsplitter> = 53.77 Volts 

Voltage Input to Extender "C" = 55.75 Volts 

(voltage input to trunk amp #4) -

1.64 Volts (IRcl = 54.11 Volts 

NOTE: For each leg off of a splitter, 
where line extenders are involved, IR 
drops are figured for each leg back to 
the splitter. Input voltage to the last 
extender off a splitter leg is calculated 
as shown above for extenders "A" and "B". 
Subtract all IR drops between the exten­
der and the trunk amp, from the trunk 
amp input voltage. DON'T INCLUDE ANY 
IR DROPS OFF ANY OTHER LEGS OF THE 
SPLITTER!! These legs are calculated 
in the same manner as the one just des­
cribed, excluding, of course, the IR 
drops of the other leg or legs of the 
splitter. 

The same calculations may be used 
for 30 volt systems, only the current 
requirements of the amplifiers will 
change. 
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Total current drain of the main 
power supply is calculated by simply 
adding the current requirements of all 
stations off each power supply leg and 
then adding them togehter for the total. 
See Exhibit "A". 

If there are any questions on this 
paper, please call or write me. 
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PREVENTATIVE MAINTENANCE OF SMALL SYSTEMS 

RICHARD F. ROBERTS 

COBB-CHEROKEE C.A.T.V. 
ACWORTH, GEORGIA 

Onganization o6 hQh~dul~d pn~v~ntativ~ 
maint~nanQ~ and op~nating pnaQtiQ~~ mini­
miz~ tnoubl~ Qallh. Pnion to QOnviQting 
hubhQnib~nh o6 non-~duQation o6 Qabl~ T.V. 
th~ knowl~dg~ o6 h~nviQ~ o66~n~d and ith 
quality muht b~ und~nhtood 6nom manag~n to 
inhtall~n l~v~l 6in~t. 

T~QhniQal p~nhonn~l an~ QOnhtantly haunt~d 
by th~ aQQ~ptabl~ vi~wing and n~liability 
o6 th~in hyht~m. K~~ping thih quality 
thnough hQh~dul~d maint~nanQ~ o6 pnoQ~hh­
ing and dihtnibution ~quipm~nt, pnop~n 
inhtallh, ~66~Qtiv~ h~nviQ~ Qall n~hponh~/ 
~valuation and Qontinuing ~duQation Qan 
n~hult in a n~liabl~ hyht~m. 

Th~ pno6iQi~nQy and Qong~niality o6 manag~ 
m~nt, mank~ting and ~ngin~~ning will 
n~6l~Qt Quhtom~n appn~Qiation o6 th~ pno­
duQt th~y an~ punQhahing. 

Pn~v~ntativ~ maint~nanQ~ and op~nating 
pnaQtiQ~h o6 a Qabl~ hyht~m n~gandl~hh o6 
h~z~ an~ ah ~66~Qtiv~ ah th~ g~n~nal 
pnaQtiQ~~ gov~nning th~ op~nation and h~l6 
dihQiplin~ o6 individual ~mploy~~h. 

VihQiplin~ ih th~ Qontnoll~d b~havion n~­
hulting 0nom tnaining int~nd~d to pnoduQ~ 
a hp~Qi6iQ patt~nn. Thih patt~nn n~&~nh to 
th~ aQtiviti~h n~lat~d in th~ pn~v~ntion 
o£ Quhtom~n QOmplainth and to th~ ~xt~n­
hion o6 th~ uh~6ul li6~ o£ th~ Qabl~ 
~quipm~nt. 

Th~ knowl~dg~ o6 h~nviQ~ o66~n~d, ith 
quality, muht b~ und~nhtood 6nom manag~n 
to inhtall~n l~v~l pnion to QonviQting 
hubhQnibenh o6 non-~duQation o6 Qabl~ T.V. 

Both ahp~Qth an~ impontant b~n~6ith gain~d 
&nom adhen~nQ~ to op~nating guid~lineh o6 
a hyht~m. R~hulting in lehh down tim~ 
and b~tt~n hyht~m p~n6onmanQ~. 

Pn~v~ntativ~ maint~nanQ~ ih not QOn6in~d 
to ~ngin~ening alan~. Manag~m~nt and man­
keting an~ alho a66~Qt~d. Op~nating 
pnaQtiQeh may not b~ appnopniat~ to eaQh 
individual and an~a o6 openationh, but th~ 
two do int~nn~aQt. 
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"Th~ abh~nQ~ on n~gl~Qt o6 a hyht~m main­
t~nanQ~ pnognam will n~hult in an inQn~a~~ 
in hubhQnib~n Qomplainth. Und~t~Qt~d 
minon pnobl~m~ and d~6~Qtiv~ ~y~t~m Qompo­
n~nt~ that do not Qauh~ outag~h on ~~niouh 
hignal d~gnadation aQQumulat~, unl~hh th~y 
an~ att~nd~d to, and "w~ak~n" th~ hyht~m 
ho that ~v~ntually a minon pnobl~m Qauh~h 
Qata~tnophiQ 6ailun~ on h~niouh hignal 
d~gnadation. A w~ll-maintain~d hyhtem will 
not nonmally n~~ult in hubhQnib~n dihhatih-
6aQtion. Fan an ~xampl~. a hyht~m with 
hev~nal dB n~h~nv~ abov~ th~ p~nQ~ptabl~ 
noih~ and dihtontion lev~lh tan o6t~n ~x­
p~ni~nQ~ 6ailun~ o6 th~ automatiQ hlop~/ 
gain 6unQtion in on~ ampli6i~n without 
~n6~Qt upon hubhQnib~n hatih6aQtion. Good 
hyht~m maint~nanQ~ n~quin~h th~ d~t~Qtion 
and n~pain o6 thih 6ailun~, how~v~n. to 
pn~v~nt a h~Qond 6ailun~ 6nom Qauhing Qom­
plainth. P~niodiQ v~ni6iQation and main­
t~nanQ~ o6 th~ "p~n6onmanQ~ n~h~nv~" will 
alho pn~v~nt hUQh minon (non-QatahtnophiQ) 
6ailun~~ 6nom Qauhing hubhQnib~n QOmplaint. 

P~nhaph an ~v~n man~ higni6iQant b~n~6it 
o6 a good hyht~m maint~nanQ~ pnognam ih 
th~ ~xt~nhion o6 th~ hyht~m'h uh~6ul li6~. 
Pn~matun~ n~plaQem~nt o6 Qabl~ and ~l~Q­
tnoniQ ~quipm~nt du~ to laQk o6 pnop~n 
maint~nanQ~ ih Qommonly aQQ~pt~d ah "una­
voidabl~" in many CATV hyht~mh. Th~ Qabl~ 
do~h not "w~an out" .. poon hyht~m maint~n­
anQ~ pnaQtiQ~h allow it to b~QOm~ unuh~abl~ 
6nom pn~ventabl~ Qauh ~h. Impnop~nly 6onm­
~d expanhion looph n~hult in QnaQk~d 
hh~ath, Q~nt~n QOnduQton pull-out, ~tQ.; 
badly inhtall~d Qonn~Qtonh and 6ittingh 
p~nmit moihtun~ to p~n~tnat~ th~ di~l~Q­
tniQ; inad~quat~ Ql~ananQ~ 6nom tn~~h and 
oth~n obhtnuQtionh p~nmit phyhiQal damag~. 
Th~h~ QinQumhtanQ~h an~, o6 Qounh~, pn~­
v~ntabl~, d~t~Qtabl~. and Qonn~Qtabl~. 

El~QtnoniQ equipm~nt, and in pantiQulan 
ampli6i~nh, an~ alho o6t~n pnematunely 
n~plaQ~d. The majon n~ahon 6on ampli6i~n 
n~plaQ~ment hah b~~n dln~Qtly, on indin~Qt 
ly, nelated to th~ phyhiQal Qondition o6 
th~ houhing. In pantiQulan, the 6ailune to 
pnop~nly h~al th~ houhing lid againht 
moihtun~ hah be~n the moht 6n~qu~nt Qauh~ 
o6 ampli6len lohh." 



Headend ma~ntenan~e ~equ~~e~ ~egula~ at­
tent~on to the antenna~, towe~, bu~ld~ng~ 
and p~o~e~~~ng equ~pment ~n the ~ame man­
ne~ a~ the d~~t~~but~on ~ y~tem. Head end 
output level~ ~houid ~egula~ly be 
mea~u~ed ~n~lud~ng all v~~ual and au~al 
~a~~~e~~. p~iot ~a~~~e~~. et~ .• and ~om­
pa~ed w~th the headend log to ve~~nY 
no~mal ope~at~on. 

The a~~u~a~y and ~el~ab~l~ty o6 me~han~~al 
dev~~e~ and ~n~t~ument~ al~o ~equ~~e 
pe~~od~~ mon~to~~ng and ~e~v~~~ng a~ ~e~­
~omended by the manu6a~tu~e~. 

St~~et adhe~en~e o6 ma~ntenanee a~t~v~~~e~ 
a~e ~on~~de~ed ne~e~~a~y 6o~ the p~e~e~va­
t~on o6 the ~ompany'~ p~ope~ty value, and 
al~o 6o~ the ~el~ab~l~ty and qual~ty o6 
~ub~~~~be~ ~e~v~~e to ga~n and ~eta~n 
tho~e ~ub~e~~be~~! 

Quai~ty ~e~v~~e ~~ ma~ketable and ma~ket­
~ng ~~ ai~o govekned by gene~al p~a~t~~e~. 
Makket~ng ~omp~ehen~~on o6 the ~y~tem~ 
te~hn~~al ~apab~l~t~e~ and ~ale~ mu~t not 
ex~eiekate to the po~nt that the te~hn~­
~al ~uppo~t 6kom ~ale to ~n~tall and ~e~­
v~ee be~ome~ un~ontkollable. A ~ub~tan­
t~al t~me lag 6~om ~ale to ~e~v~~e de­
gkade~ the ~ommun~ty ~elat~on~ pkopo~t~on­
ally; ju~t a~ una~~eptable ~ekv~~e to 
ex~~t~ng ~u~tome~~ ~an. 

Cok~elat~on o6 manage~~al, te~hn~~al and 
ma~ket~ng ~nput~ to ma~nta~n an e66~~~ent 
opekat~on ~~ the d~~~~pl~ne ~nvolved to 
a~ee~ta~n the natuke o6 ~u~tome~~ p~oblem~ 
and ~onduet~ng them to ~on~e~ned pe~~onnel 
ok ~~hedut~ng Wokk kequ~~ement~ at app~o­
pk~ate t~me~. Al~o 6am~l~a~~zat~on w~th 
~able te~m~nology to g~ve ~n6okmat~on to 
~alte~~. p~epa~e ~epo~t~, tog~ and ~ok~e~­
ponden~e ~n an app~op~~ate manne~ mu~t 
have ~t~ gu~del~ne~ a~ the p~·ev~ou~ a~eao 
o6 opekat~on. 

The need 6o~ e66e~t~ve ope~at~ng p~a~t~~e~ 
and ma~ntenan~e pkog~am~; ~omb~ned w~th 
the p~o6~~~en~y and eongen~al~ty ot manage 
ment, ma~ket.Lng and eng~nee~~ng; w~tt 
ke6le~t ~n p~o6~t~ and ~u~tomek app~e~~a­
t~on o6 the pkodu~t they a~e puk~ha~~ng. 

Kteykamp, Gayheakt C, 
V~ke~to~ o6 Eng~neek~ng 
No~watk Cable TV Con~tku~t~on 

1. Sy~tem ma~ntenan~e p~a~t~~e 5-3, 
Ma~~h, 1979. No~waib_ Cable TV 
Con~tku~t~on, NokwalR, CT. 

44 



PROGRAM MANAGEMENT IN IMPLEMENTATION 

Ernest 0. Tunmann 

Tele-Engineering Corp. 
Framingham, Massachusetts 

The application of Program Management in 
implementation of cable distribution sys­
tems is to be recognized as an important 
tool in the planning and controlling of 
the ever increasing growth of the cable 
industry. 

Wether the turnkey contractor is a sup­
plier. an independent turnkey implemen­
tor or an MSO running a Bill of Material 
implementation, the planning and control 
tools are identical. 

The report describes Program Management 
Techniques used by TELE-ENGINEERING CORP. 
that have been specifically adapted to 
the implementation of cable distribution 
systems for the sole purpose to deliver 
highest system quality and on-time com­
pletion with minimum cost overruns. 

1.0 Introduction 
Any project that consists of many 

subsystems, products and product inter­
faces, relies on the wisdom and control of 
a Program Management Office to meet per­
formance specifications and to assure an 
on-time completion without cost overruns. 

What then is Program Management and 
how can it be applied to the implementation 
of Cable Communication Systems. 

Tele-Engineering Corp. has adapted 
the most important program management tech­
niques to cable implementation and utilizes 
these management tools effectively in all 
its turnkey programs. 
2.0 The Program Office 

The Program Organization (Fig. 1) 
should consist of a balanced team of peo­
ple skilled in 

a) Cable system design and performance 
b) Construction Practices, Outside Plant 
c) Quality Assurance 
d) Business Administration 

For small projects, this knowhow 
may be concentrated in a team of two peo­
ple. Larger and multiple projects may re­
quire three people per project that can 
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pool their efforts through centralized busi­
ness administration. 

The Program Manager must be given 
full authority in the conduct of the daily 
business and must be held fully responsible 
for the progress through completion. 

FIG. I 
PROGRAM MANAGEMENT ORGANIZATION 

I COMPP..NY QF-.:ICE.'R I 
~------+------, 
I PROC:fRAM ~NAC9:E"R t 

I 9UA.L.ITY ~oe:,RAM I 
AS~UR"ANCE. ~TP..FF-

1 ME CHAN I CAL. PROOJREMEtH I 

I SCHE'01JLlt•H::'l I E\...E:C...TRICAL 
L.O~\":.TlC~ I (DNSTRUC.T\ON APf'1!Nl~:iTRATION I 

I 51'-~ET'( 5F'CC.t~\CAT1c;t.IS 

TESTIN~ DAA"Frl~~~DE~~ I 
I I 
I I 
II RE~IO'EHC.'E E.NqiHEE..R I 

'3TA.~F 

I SUBCONTRACTS I 
I CONSTR..UC.T\DN I 

l,NYE.HTOR'l CON"'I"'PDL 

I f'ERFOR:vt.AKcE.: I 
MONITOR.INC, 

I CONTI<DL I l AC.TNATION 

I ~ O't= PERroRI'<'IAN(£ l 
L---------------~ 

3.0 Program Management Techniques 
Program Management Techniques con­

sist of a set of management tools that per­
mit accurate planning and control of all 
project activities from inception through 
completion of the project. 

In order to effectively measure pro­
ductivity and cost at any point in time 
during the implementation phase, it is of 
foremost importance to break the total pro­
ject into measurable quantities, and to 
schedule both performance and cost expen­
ditures over time. 

are: 
a) 
b) 
c) 
d) 
e) 
f) 

Planning Tools in Program Management 

Work Breakdown Structure 
Work Order Numbers 
PERT Chart 
Monthly Cost Budgets 
Monthly Performance Budget 
Monthly Cash Flow 



Control Tools in Program Management 
are: 

a) Inventory Control System 
b) Performance Reporting 
c) Cost Collection System 
d) Cost Performance Comparison 
e) Remedial Activity Programs 

gram 
a) 
b) 

4.0 
4. 1 

Quality Enforcement Tools in Pro­
Management are: 
Quality Assurance Program 
Safety Assurance Program 

Project Planning 
Work Breakdown Structure and Work 
Order Numbers 
Most Projects, requ1r1ng system in­

gration, consist of the following four ma­
jor categories: 

Materials 
Subcontracts 
Labor 
Expenses 
The Work Breakdown Structure breaks 

these major categories down to logical 
subcategories. Even when the procurement 
of electronics and passives, or other 
combinations, will be made from a single 
source, the work breakdown structure of 
Fig. 2 is recommended to account for the 
timing of equipment deliveries in accord­
ance with schedule requirements. To sim­
plify cost control, it is also advisable 
to structure purchase orders and sub­
contracts in accordance with the break­
down structure. 

Devise a logical numbering system 
that establishes good recognition in the 
project control phase. A number like 
15045A is quite meaningless. Establish 
a main project number, a subcategory num­
ber and an identifier. 

Example: 
78-358 - M EHOl 
~ 1...-.,-1 .....__..,.,_, 

Project Sub- Electronics, Hous-
No. cate- ing, 1st purchase 

gory order 
Fig. 2 shows an example of a Work 

Order numbering system ready for cost con­
trol and with total budget cost assign­
ments. 

Fig. 2 
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4.2 PERT Chart 
A PERT (Program Evaluation Real 

Time) Chart is the most important planning 
document for any multi-component project. 
PERT-charting organizes your mind to think 
in terms of activities that must be con­
ducted in sequence or that can be accom­
plished in parallel during a given time 
frame. 

Fig. 3 shows a simplified section 
of a PERT Chart of a cable distribution 
system. 

Your own ideas on the duration of 
a particular activity can be expressed in 
terms of (best) -normal and (worst) time 
intervals expressed in weeks. 

In the preparation of your PERT 
Chart be fearful of the "uncontrollables" 
such as make-ready, highway permits, rail­
road permits, easements, anchors etc. Al­
low sufficient time to manage these events 
before construction start, rather than 
having to stop or slow down construction 
in the midst of the field activities. 

Review the PERT Chart carefully, 
make changes and allowances at this time 
-you are determining all important mile­
stones of the program and you want them to 
be met. 

FIG. 3 
PERT CHART 

PRECONSTRUCTION ACTIVITIES 

4.3 Monthly Budget Cost Assignments 
Any material and labor item in the 

work breakdown structure can be assessed 
as to total costs and then spread over time. 

Using the PERT Chart as a guide, 
we know when we need certain materials. 
Large dollar items like electronics and 
cable can be scheduled for three or four 
shipments. 

Fig. 4 shows a graphic presenta­
tion of cost expenditures over time for 
materials and construction activities. 

Where budget cost determination 
over time for materials is simply sched­
uling of delivery dates, the scheduling 
and budget cost determination for con­
struction and other labor tasks require a 
good knowledge of subcontractor ability, 
construction equipment and manpower. 



ftg. 4 4.5 Cash Flow 
I K 

50 
MONTHLY BUDGET COST ASS IGMMENTS 

Fig. 6 shows the month-by-month 
cash flow curve of the project. Indicated 
are only expenditures in order to deter­
mine cash requirements over time. 
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Monthly Performance Budgets 
Fig. 5 indicates the performance 

curves of the stranding, lashing and 
splicing activities. 

The slope of this curve is direct­
ly related to the cost per foot and to 
the time allotments per week. 

The example shows all three activ­
ities budgeted for 31,680 ft. per week. 
This kind of determination should only 
be made after an intimite knowledge of 
construction and splicing crew compo­
sition, equipment and manpower avail­
ability. 

In case where you are working with 
outside construction companies, it is im­
portant to get proper commitments in writ­
ing before budgeting the weekly progress. 
What you are interested in is an average 
production output that assumes normal 
weather delays. 

The slope of these curves becomes 
the baseline for progress-monitoring later 
in the program. It is, therefore, impor­
tant to spent some time to determine the 
expected output per week. 

F1g. 5 

MONTHL V PERFORMANCE BUDGETS 
-sfr&Rd, Lash • Sp H ce 

Strand 
33,792. 

1001 

//6.251 •6 11i/wk 
~ •31,680 ft/wk 

•$2,600./wk 

lash 
50.688 
1001 

Customer payments or bank loans 
would reduce the cumulative buildup of 
cash requirements and determine actual in­
terest and cash requirements. 

The weekly cash requirements of 
Fig. 6 have been determined by adding the 
weekly components of Fig. 4 (Monthly Budget 
Cost Assignments) in a cumulative manner. 

Since this curve indicates total 
expenditures over time for the particular 
project on hand, it can serve as an ideal 
tool to measure actual cost expenditures 
against plan throughout the ~rogram . 
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Inventory Control System 
Shipments of materials and equip-

ment to the project warehouse will have to 
be inventoried. The inventory control 
forms for incoming materials are grouped 
in accordance with work order numbers. 

Separate forms, similar to Fig. 7, 
for pole line hardware should be available 
for incoming shipments of 

cable 
passives 
connectors 
taps 
electronics 
Each inventory control form should 

contain the purchased quantities in the 
first column in order to identify full 
shipments as well as back orders. 

At the end of each week all in­
coming material records are entered in the 
project inventory log book and the in­

__....5011,. coming material_control forms are forwarded 
....-- s:~6•oo. to the home off1 ce for comparison with 

~ 
6.251/Wt •6 1111/wk 
"'31,680 ft./wk 
.. $1 ,300./wt 

' vendor invoices. 
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Once construction has started, ma­
terials are being taken out by the strand 
crews, by the lashing crews, by splicers 
and by activation personnel. 



Fig. 8 shows a typical material con­
trol form for strand materials. The form 
indicates columns for each day of the week 
and a weekly total. 

The weekly total column is entered 
into the inventory log book every week and 
the material-on-hand column adjusted ac­
cordingly. 

Similar forms are required to per­
mit the monitoring of materials for lash­
ing, splicing and activation. 

A physical inventory of everything 
in the warehouse is taken every two weeks 
to compare with the on-hand column and to 
reveal any material shortages that may be 
unaccounted for. 

Fig. 9 indicates the Inventory 
Control Summary. In addition, it is the 
residence engineer's duty to determine 
the requirement for any further material 
purchases from the physical inventory. 
This can be accomplished by comparing the 
rate of construction with the completion 
percentage and by extrapolation to pro­
ject completion. 
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THE EfJGINEERING CORP 
TelecommunicatiOns fngmeets and Contl3ctars 

INCOMING MATERIAL RECORD 

POLE LINE HARDWARE 

Form =1 101 

PROJECT No. ____ _ 

The following material has been received and all quantities verified. 
Copies of shipping documents are <lttached. 

DESCRIPTION 

174" Strand No. of reels 
' foota e 

Lashing Wire 
J25088 3-Bolt Clarno flat 
J7901A " " curved 
J8808 8" 
J881 0 l 0" 
J8812 12' 
J8814 14" 
J8816 16'' 
J8050 10" Thimble E e 
J8052 12" 
J8053 14" 
J6510 Thimble Nut 
J8563 Nuts. Sauare 5/8" 
Jl075 Washers 2 1/4" 
GDE 1104 Preformed Dead End 
GLS-2104 Sollee 
09010 Qwtyoe Lash. Clarno 
1602 3eatty 1/2" ·soacer 
L89l 10" Straos 
L892 ~ 6" Straos 
Crossover Cl amo 
J7920 Steel Exr. Arm 
Treeguard 6 ft. 
#6 Coooer Bare ( ft) 
iCS-15-24 Heatshrink 
!CS-17-24 0.75 Heatshrink 
K-1 3onding Clarno Weaver 
Coooer s ta 1 es 
Ta Bracket 
Electrical Taoe 
S i 1 i cone Grease 
Gu Attachment 
6 Screw Anchors 

I 

I PO# 

I 
ORDER DATE 

ORDER OTYS. 

f REC. DATE REC. DATE 

l QTY. RECEIVED 'QTY. RECEIVED 
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Fiq. 8 
THE EfJGINEERING CORP 

TeiBCommumcauons Engineers antJ C<Jnrracton 

CONSTRUCTION MATERIAL CONTROL 
STRANO CREW 

PROJECT No. _____ WEEK OF __ 

Form ;#2201 

The following material has been provided- to crew fore·man for pole 
framing and. :!>tranding. 

DESCRIPTION 

1/4" Strand No. of reels 
" footage 

J25088 3-Bolt stra1ght 
J7901A 3-Bolt curved 
J88lO 10" Bolt 
J8812 2" Bolt 
J8814 14' Bolt 
J8816 16" Sol t 
J8050 10' Thimble 
J8052 12" Thimble 
J8053 14" Thimble 
J6510 Thimble Nut 
J8563 Nuts 5/8" 
Jl074 1Nashers 2" , 
GOE1104 Pref. Dead End 
G.LS-2104 Solice 
Crossover Cl amo 
J7920 Ext Arm 
G ttchmnt 

K weaver l amos 
Co o r sta 1 s 
=6 Bare Coo er 

Date: 
Crew Forman Initial 
TEC Initial 

QUANTITY 
l MO iTUES I WED , THUR ; FRI !SAT 

TOTAL 
WEEK 

Ini ial 'Balance Ph sical: 
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A properly devised performance-re­
porting system consists of the daily col­
lection of completed footages for 

stranding 
lashing 
splicing 
activation 

and a weekly compilation that is prepared 
by the residence engineer and forwarded 
to the home office. 

The daily summaries (Fig. 10) are 
compiled on a weekly basis and the weekly 
total entered on the monthly performance 



budget curves for comparison. 
Fig. 11 indicates the progress of 

stranding made over the first 2 months in 
a particular project. 

Fig. 12 indicates the progress of 
stranding made over the first 2 months in 
another project. 

A quick glance at this type of pre­
sentation will give you the necessary in­
sight into the actual production flow. It 
is now possible to determine slippages 
quickly, forecast schedule delays, facili­
tate remedial actions and, in a general 
manner, actively control the construction 
activities. 

Cable lashing, splicing and acti­
vation can be monitored and controlled 
in identical manner or by Power Supply 
Areas. 

Fig. 13 indicates a budget vs. ac­
tual comparison of activation performance 
by power supply areas. 
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Fig. 12 
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5.3 Cost Collection System 
The work order numbers and associ­

ated budget cost amounts form the baseline 
of the cost collection system. 

Project planning has already de­
termined the project cash flow and the 
monthly or weekly expected expenditures in 
each category. 

It is now important to collect ven­
dor invoices for materials, subcontractor 
invoices for construction, and labor and 
expense records of your personnel in a 
systematic manner. 

Fig. 14 shows the Project Cost 
Summary with sample entries for stranding 
and labor. 

The form should be prepared for to­
tal budgets of all work order numbers and 
with the appropriate budget entries for 
month No.3. 

Actual costs incurred through month 
No.3 are now entered and compared to the 
budget. 

It becomes apparent that stranding 
costs are under budget by $ 4,400.-, which 
means that the stranding operation is late. 
On the other hand, supervisory labor and 
activation is overrunning the budget. 



The cost-to-complete estimate in­
dicates that stranding will not overrun at 
the end of the project, but we can draw the 
conclusion that completion will be delayed. 

Vendor and subcontractor costs must 
be incurred in accordance with budget to 
keep a project on target. 

Supervision and activation labor 
shows a total budget variance of $3,500.­
and takes recognition of the fact that 
construction will be late and that super­
vision and activation periods have to be 
extended. 

These two-line entries tell the 
whole story: 

a) Completion will be late 
b) Cost overruns are being in­

curred 
The project cost summary cannot 

provide any information as how much delay 
will be incurred. Inputs from the per­
formance-reporting are required to get 
the full picture. It is also possible to 
update Fig. 6, the Monthly Cash Flow pre­
sentation, by plotting the Total of the 
column entitled "Actual Cost to-date". 

Fig. 15 shows the first 3 months 
of costs cumulative plotted over time. 
The actual cost expenditures indicate 
that the project is $ 102,000. underspent 
and 4 weeks late. 

The reason for this can be late 
deliveries of equipment, late invoicing, 
construction delays etc. It is time to 
take a closer look. 

ProJeCt "· 77-275 

Work Total Week "· 13 
Urder Nos. !ludget Bod " 

Fig. 14 

PROJECT COST SUMMARY 

3 Week "'· ACtual Present 
Cost Variance 

to:.date 

13 Date 
~Cost " Total~ 

Complete V<~riance Reason 
Estimate Chan '" 

31.7 23.8 20.3 (3.5} 11.4 Crew/Weather 
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*enter total on Monthly Cash Flow TEC 77-275 
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5.4 Cost/Performance Comparison 
First, it is important to analyze 

all entries in the Project Cost Summary. 
Fig. 16 shows a summary with com­

pleted entries. A large portion of the 
cost underrun is caused by late material 
deliveries (about$ 90,000.). The rest is 
due to late construction. A review of the 
strand and cable crew performance curves 
would show that the const~Uction is about 
2 to 3 weeks behind schedule. 

The project cost summary also in­
dicates positive cost variances in the 
labor area for inspection, supervision and 
activation. 

These are caused by equipment prob­
lems and, indirectly, b,¥ the extension of 
the construction activ1ties. 

The overall conclusion that can be 
reached is that the project will be com­
pleted four weeks late and that it will 
cost$ 11,000., or about 2.6% more than it 
was originally estimated. 

The importance of remedial action 
cannot be stressed enough. Late completion 
is costly to the turnkeyer and the operat­
ing company. A four week delay of comple­
tion may mean a substantial revenue loss 
of installation fees and monthly rates. 
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5.5 Remedial Activity Programs 
In the last paragraph, we have 

tried to explain the interdependency of 
deliveries, construction performance and 
costs. 

It has become apparent that even 
short delays in material deliveries can 
cause long delays of the project com­
pletion date and incur substantial cost 
overruns. 

Remedial actions have to be harsh 
to offer relief. There is no time to 
waste. 

Here are some of the steps that 
can be taken, sorted by degree of the 
magnitude of the problem: 

a) Late Deliveries 
request shipment by air 

- request partial shipment 
- request critical items shipment 

find substitute supplier and 
supplement 

- cancel order after finding substi­
tute supplier who will deliver on 
time 

b) Late Construction 
- request to add manpower to con­

struction crews 
- request additional strand lash­

ing crews 
- supplement construction with 2nd 

construction company 
- set deadline for production im­

provement and change construction 
companies 

c) Late Splicing 
- request additional splicer 
- supplement splicing by employing 

additional independent personnel 
or company employees 

The applicability of any of the 
a~ove remedial procedures depends upon the 
c1rcumstances at hand. Whatever the deci­
sion may be, it must be made within the 
shortest possible time frame and it must 
assure a higher production rate than orig­
inally budgeted. 
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6.0 
6. 1 

Quality Control Tools 
Quality Assurance Programs 
The quality of the implementation 

program has to be safeguarded throughout 
the life of the project. 

Quality Assurance measures have to 
be structured and timed in accordance with 
the progress of all activities: 

a) Incoming Inspection 
b) Construction Inspection 
c) Splicing Inspection 
d) Activation Records 

Forms for good record-keeping of 
these tasks shall be developed to assure 
conformance to all construction and per­
formance specifications, and to assure a 
distribution plant that requires minimum 
maintenance. 
6.2 Safety Assurance Programs 

Safety can only be stre~sed in a 
general sense as part of this presentation. 
It is truly a topic by itself and much too 
important to be treated lightly. Too many 
accidents have already happened in our in­
dustry that could have been avoided, had 
proper precautions been taken. 

Th~ residence engineer must be a 
safety-minded individual and enforce the 
following ground rules: 

a) Construction Crews 

b) 

placing of "men working" signs 
- placing of safety cones 
- use of beacon on trucks 
- use of hard-hats 
- use of safety vests 
- use of gloves 
- use of a running ground during 

stranding 
- flag man 
- state or local police details on 

heavily traveled roads 
Power Companies 
- tree-trimming in primaries 
- fast remedial response in cases of 

hot street light brackets, bare 
secondaries, broken neutrals, and 
other electrical shock hazards. 
It is recommended that the resi-

dence engineer devotes at least a few min­
utes every day to enforce the safety rules 
with the construction crews. Habitual of­
fenders should be warned and removed if re­
quired. 
7.0 Summary 

This presentation has tried to ex­
plain the importance of program management 
in the implementation of cable distribu­
tion systems. 

Our industry has sufficiently ma­
tured not to tolerate badly run turnkey 
projects that are not planned properly and 
that cannot be controlled to guarantee an 
on-time completion. 

Even if it is not possible to pre­
vent all delays, it is essential to apply 
the proper tools to minimize delays and 
maximize the quality of our product. 



Both the turnkeyer and the operat­
ing companies must recognize that a few 
dollars per-mile spent for planning, con­
trol and quality assurance will go a long 
way to minimize cost overruns, loss of sub­
scription revenues and maintenance expen­
ditures. 

It is time to take a look at our 
mistakes in the past, remove the "low­
bidder-will-do-it-somehow" principal and 
insist on accurately planned program im­
plementation already in the proposal phase, 
so to assure timely completion and quality 
system performance through proven program 
management techniques. 
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RELIABILITY - A TOTAL APPROACH 

By Don Dworkin, Ellery Litz, Peter Parikh and Harry Suri 

Just as reliability within an individual equipment, for 

example an amplifier, is the multiplied product of the reli-

abilities of the separate components, so the reliability of 

a CATV system, as far as the customer is concerned, is ~~e 

product of the reliability of every equipment in series with 

the siganl path - from antenna to the television set. 

Fur~~er, in line with the customer's point of view, 

reliability must be defined as the steady production of a 

good quality picture, and any operation belo\·1 that standard, 

whether due to ice or co-channel at the head-end, excessive 

hum or power outage in the system, or drifting of a converter 

at the subscriber must be counted as a failure. 

This article will discuss system reliability from this 

point of view using both theoretical and systa~ history to 

i:lustrate. Still existi~g de=iciencies will be identified, 

the overall object being to firmly establish a totally service-

and system-style of thinking and work in regard to CATV reli-

ability. 

'i'iarner Cable Corp. 
75 Rockefeller Plaza 
New York, NY 10019 

complete text is either printed in appendix 8 oc available 
upon request from the authoc. 
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SA~LLITE CROSS POLARIZA~ION 

Satellites that utilize 24 Transponders and 12 Transponders 
that are horizontally polarized and 12 Transponders that 
are vertically polarized. care must be taken to ensure 
that the Eaz+-h Station is properly aligned to keep the 
Transponders from interacting with one another. 

~is paper presents principals behind the changes that occur 
in the received polarization direction and suggests the 
appropriate times for making polarization adjustments. 
Faraday rotation and rain depolarization are considered, 
as well as satellite position and antenna pointing error. 

In addition to the theoretical analysis of depolarization, 
practical methods for aligning antenna feeds are presented. 

11 

Author: Robert C. Tenten 
Director of Engineering 

Development 
Home 5ox Office, Inc. 
New York, N.Y. 



SIGNAL LEAKAGE FROM CABLE SYSTEMS AND 
POTENTIAL INTERFERENCE TO RADIO SERVICESl 

RobertS. Powers, Ralph A. Haller 
Federal Communications Commission, Washington, D.C. 

and 
Jean E. Adams 

National Telecommunications and Information Administration 
Boulder, Colorado 

ABSTRACT 

Due to the possible hazard to air 
navigation that might be presented by 
leakage from cable television systems 
utilizing aviation frequencies, the Federal 
Communications Commission formed a committee 
to investigate how best to prevent a problem. 
Numerous airspace and ground based measure­
ments were conducted in an attempt to 
correlate air and ground leakage fields. The 
methods employed for these tests and 
preliminary conclusions of the authors are 
contained in this paper. 

1.1 Background 
In 1977 the Federal Communications 

Commission adopted interim rules designed to 
prevent interference to aeronautical radio 
services by signal leakage from cable tele­
vision systems. The rules require that cable 
operations be offset in frequency from any 
aeronautical radio service operating in the 
neighborhood of the cable television system.2 
Shortly thereafter, a cooperative research 
program was initiated to determine the 
conditions, if any, under which cable tele­
vision systems could safely operate on the 
same frequencies as nearby aeronautical radio 
services. Participants in the program include 
the Commission, the Federal Aviation Admin­
istration, the National Telecommunications and 
Information Administration, and representatives 
of the cable television industry and private 
aviation interests. Initial results of that 
research program are presented in this paper. 

1 Opinions and conclusions expressed in this 
paper are those of the authors and do not 
necessarily represent the views of the 
National Telecommunications and Information 
Administration, the Federal Communications 
Commission, or its Advisory Committee on 
Cable Signal Leakage. 

2 Report and Order, 65 FCC 2d 813 (1977). 

The susceptibility of navigation receivers 
to cable signal interference was addressed in 
studies performed by the U.S. Department of 
Commerce Office of Telecommunications.3 Results 
were given in terms of signal to interference 
ratios, where the interfering signal had to be 
offset from the navigation signal by very 
precise frequency differences. 

In the case of existing communications 
receivers, a convenient reference point is the 
power level at which the squelch control is set 
to open, although this level is not necessarily 
the only criterion for interference. The most 
sensitive of todays receivers may have squelch 
set at -97 to -101 dBm4 input to the receiver. 
Most receivers are less sensitive, and probably 
have squelch set at a level higher than -97 dBm. 

It is not possible to say exactly what the 
interference susceptibility of tomorrows 
receivers will be. It is reasonable to assume 
that many will be digital, and therefore 
probably less sensitive to interference. But 
of course, one must not make plans for cable 
leakage limits on such an assumption. There­
fore, no assumptions about interference 
susceptibility of future receivers are made 
here. 

1.2 Objective 
The principal objective of the research 

was to determine how to predict fields in the 
airspace from measurements made at ground 
level. Three methods of ground measurement 
were used, and several parameters of the air­
space fields were considered. Rank order 
correlation coefficients between the ground 
measurements and the airspace measurements were 
used to determine whether or not the objective 
was achieved. 

3 Electromagnetic Compatibility of Simulated 
CATV Signals and Aircraft Navigation 
Receivers, OT Report 74-39 (Tom Harr, Jr., et 
al., 1974); Flight Test Measuring Compati­
bility of Simulated CATV and VOR Signals, OT 
Report 75-75, (John R. Juroshek and Tom Harr, 
Jr., 1975); and Radiating Aerial Coaxial 
Cable Measurements, OT Report 75-73, (Tom 
Harr, Jr., et al., 1975). Available from the 
National Technical Information Service, 
Springfield, VA 22151. 

4 dBm: decibels relative to one milliwatt. 



1·3 Assumptions and Conditions 
Two principal assumptions were made in 

order to simplify the research program to 
manageable proportions: 

(a) For a given leakage source, the 
power radiated is reasonably 
independent of frequency; and 

(b) The effect of radiation patterns 
of individual leakage sources can 
be neglected. 

The first assumption is reasonable on 
theoretical grounds, since the physical size 
of cable leaks (millimeter dimensions) is small 
compared to wavelengtffi at the frequencies in 
question (108- 400 MHz). The second assumption 
is reasonable in cases where the number of 
leaks in the cable system is large (the only 
case of real concern), since in that case an 
average of whatever radiation pattern exists, 
would be observed both on the ground and in 
the airspace. 

It was desired to examine cable systems 
of a range of sizes, ages, and types of 
corrstruction. A total of 12 cable systems 
were chosen for the measurement program.5 

A pilot signal at 118 MHz was imposed 
on the cable system for all airspace measure­
ments reported here. The convention of 
setting the power level of that signal equal 
to whatever peak power level the cable 
operator normally used for the visual 
carrier closest in frequency to 118 MHz was 
adopted. Since the test signal was unmodu­
lated, its rms power would have been around 
4 or 5 decibels higher than that of a visual 
carrier having the same peak power. Thus the 
test signal would have been 4 to 5 decibels 
higher in rms power level than a typical 
visual carrier which might be carried in the 
VHF aeronautical radio band (108 - 136 MHz). 
On the other hand, signals at the higher 
frequencies are carried on cable systems at 
levels perhaps seven decibels higher than 
corresponding signals in the 100 MHz range. 
Thus, our signal may have been as much as 
three db or more below the rms power level 
used in the aeronautical radio band 
225 - 400 MHz. 

5 The twelve cities were: Atlantic City, NJ, 
Arlington, VA, Bridgeton, NJ, Coatesville, 
PA, Hagerstown, MD, Harrisburg, PA, 
Independence, MO, Leavenworth, KS, 
Pottsville, PA, Raytown, MO, St. Joseph, 
MO, Salisbury, MD. Further reference to 
individual cities will generally be by 
letter code only, since our objective 
was not to publicize characteristics of 
individual systems but to correlate 
measurement techniques over a wide range 
of systems. 
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2. AIRSPACE MEASUREMENTS AND ANALYSIS 

2.1 Single Frequency Measurements 
The airspace data reported here were 

collected on magnetic tape at the rate of 200 
power level measurements per sencond as the 
aircraft flew a predetermined grid pattern at 
a given altitude. Average speed was about 275 
kilometers per hour, giving several samples per 
wavelength.6 Altitudes flown were approximately 
450, 1500, and 3000 meters above average terrain 
of the city. The receiver used had a half­
power bandwidth of about 400Hz, operating at 
the same frequency as the test signal on the 
cable television system. A spectrum analyzer 
display centered on 118 MHz served to constantly 
confirm the presence of the cable leakage 
signal. Tests were made using both horizontal 
(navigation) and vertical (communication) 
receiving antennas. The antenna giving the 
higher level response -- the vertical antenna 
was used to obtain the data reported here. A 
separate test indicated that cable radiation 
appears to exhibit no particular polarization. 

An inertial navigation system was used 
to determine aircraft location at any given 
instant, anticipating detailed mapping of the 
signal level in the airspace. However, analysis 
of strip chart displays of data shows that only 
rather crude maps could be made. Signal 
levels generally rise reasonably smoothly to a 
maximum over the city, then fall of as the 
aircraft leaves the cabled area. 

2.2 Data Analysis 
Reduction of the data -- points numbering 

in the millions -- was done in four ways: 
(a) frequency distribution plots, (b) cumulative 
distribution plots, (c) calculated means and 
standard deviations (in a few cases) and 
(d) strip chart recorder plots (in a few cases) 
for visual inspection. 

The frequency distribution plots were 
most useful for differentiating among signal 
characteristics which were common to all or 
most runs and therefore most likely due to 
cable systems, and characteristics which 
occurred only occasionally and therefore were 
likely due to signals from other sources. 

Cumulative plots were most useful for 
correlating ground measurements with airspace 
measurements, since median signal levels as 
well as lOth and 90th percentile levels were 
readily obtained from these plots. 

6 The aircraft was a Convair 580 twin 
engine turboprop. 



3. GROUND MEASUREMENTS AND ANALYSIS 

3.1 Measurements 
Ground-based measurements were made by 

three different methods: (a) a dipole antenna 
and a Field Intensity Meter (tunable voltmeter) 
were used to measure field intensity approxi­
mately 3 meters from the cable at all discovered 
locations where field strength was over 50 
microvolts per meter; (b) meter scale readings 
of a commercially available "leak detector" 
designed for cable television use were re­
corded whenever a relative maximum was observed 
as a vehicle was driven past the cable; and 
(c) the same equipment used in the airspace 
measurements was used to record power input 
to the receiver every 240 millimeters7 as the 
vehicle followed cable lines. All three 
measurement methods utilized a pilot carrier 
on the cable, in the same manner as the air­
·space measurements. A vertical whip antenna 
was used for methods (b) and (c). The 
commercial leak detector was reset to the same 
sensitivity for each run by means of an in­
ternal calibrator. 

System-wide results from the field 
intensity meter and the leak detector corre­
lated surprisingly well, even though the leak 
detector scale is highly non-linear near the 
top end. Therefore, an "absolute calibration" 
of the leak detector was made by comparison 
of leak detector meter indications with field 
intensity meter results. Then the two sets 
of data were combined for some of the corre­
lation analysis presented in Table I. 

3.2 Analysis 
In order to identify a single parameter 

of the ground measurements for correlation 
with airspace measurements, various "leakage 
indices" were calculated from the ground data. 
Given the electric field strength Ei for all 
leaks i measured 3 meters from the leak; Ri, 
the slant height from leak i to a point H 
meters above central point in the cable 
system, and ~' the fraction of the cable 
system actually covered by the ground crew; a 
leakage index IH may be calculated: 

_1_ 
¢ 

l 
R~ 

' 

Obviously, the estimation of ~ could be a 
significant source of error. 

If IH is calculated for low altitudes 
it is possible that the arbitrary choice of 
the "central point" over which the index is 
calculated might be fairly critical. The 
index would be rather heavily weighted toward 
the situation directly under the point chosen. 
Therefore, the index calculated at.an assumed 
height of 3000 meters was preferred for our 
analysis. 

7 The distance information was provided by an 
accurately calibrated "fifth wheel" attached 
on the vehicle. 
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Calculation of the Ri from maps is tedious. 
In order to see whether a simpler calculation 
would be acceptable for routine cable operator 
use, an index I 00 was calculated without the 
use of slant height: 

= E~ 
l 

These indices I 00 correlated with airspace 
measurements just as well as the more 
"intuitively correct" I3000 • 

In the case of the automated ground data, 
recorded with the narrow band airspace receiver 
modified for ground use, the logarithmic mean 
(mean of the power received, expressed in dBm) 
was used as the leakage index Iavg• 

4. RESULTS 

Rank order correlation between airspace 
and ground data was calculated using the 
following expressionS: 

1 J 

where di is the difference between the rank of 
cable system i when ranked according to one 
measure of leakage and the rank of the same 
system when ordered according to the second 
leakage measure being compared, and n is the 
number of cable systems in each of the lists 
being compared. The correlation coefficient rs 
can assume values between -1 and +1, where +1 
indicates perfect correlation. 

Table I summarizes these correlation 
results. We see that the three methods for 
ground measurement correlate with each other 
remarkably well, given the many possible 
sources of error in all three types of measure­
ment. Of course, in cases where only 3 or 4 
data sets are available the correlation 
coefficient could change significantly with 
additional data. 

The correlation of airspace data at 450 
meters with airspace data at 3000 meters is 
high, but definitely not perfect. This probably 
reflects the detection of more non-cable sources 
of noise and interference at the higher 
altitudes. 

8 Statistical Methods, G.W. Snedecor and W.G. 
Cochran, 6th ed., The Iowa State University 
Press, Ames, Iowa (1967). 



The real test comes, however, in the 
cor~elation of any one of the ground measure­
ments with any one of the airspace indications 
of cable system leakage. The highest 
correlation with ground measurements is ootained 
from the median (50th percentile) or the lOth 
pe~centile of the airspace measurements made 
at the lowest altitude -- 450 meters. It is 
not at all surprising that best correlation 
should be obtained at the lowest altitude 
because of the potentially higher noise f~elds 
and interference sources detectable at higher 
altitudes, especially over major metropolitan 
areas. The frequency distribution plots 
probably give the best clue as to why the 
correlation with the 90th percentile level 
is not so high. Those plots show significant 
numbers of rather sharp (narrow spread along 
the power axis) peaks. These peaks are 
apparently unrelated to cable leakage, since 
they are not consistently present from one 
run to another. They are probably other 
interference sources. They distort the 
cumulative distribution curves near the 90th 
percentile level more than at other percentile 
levels, because they appear more often at or 
above the highest levels of the distribution 
of cable signal leakage power. 

Correlation coefficients are given 
both for data sets including and not including 
City F. City F was dramatically and 
consistently worse in terms of ground/air 
correlation than any other city in our set. 
Typically, City F would appear lOth in the 
ranking (decreasing order of signal) according 
to airspace measurements, but around 4th in 
the ranking by ground measurements. This 
anomaly is unexplained. But at least it can 
be said that if the ground measurements are 
in error, they e~red on the "safe" side by 
giving City F a higher leakage rating than it 
apparently deserved on the basis of actual 
airspace measurements. The improvement in 
correlation coefficient when City F is not 
considered is given in the far right column 
of Table I. 

Finally, we note that the correlation 
among all leakage measures was quite high in 
the case of the city with the highest airspace 
signals. That city was the only one in which 
both of the following conditions held: 
(a) both airspace and ground measurements were 
available for correlation, and (b) airspace 
signals at the 90th percentile level would 
clearly have opened squelch circuits on a 
modern communications receiver. That city 
appeared at the top of the list (highest 
leakage index) in every case -- all airspace 
measurements at any altitude and any percentile 
measure, and all ground leakage indices which 
were calculated. 
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5. CONCLUSIONS 

At the time of this writing, the formal 
committee report has not been released and no 
Commission action has been taken; however, 
there are several possible conclusions. Some 
of those conclusions may be: 

1) To accept the current frequency 
offset requirements as being the 
most reliable solution; 

2) To adopt the position that ground 
measurements are sufficient to 
assure that no air hazards are 
presented; 

3) To require airspace measurements; 
4) To prohibit use of midband or super­

band frequencies by cable systems; or 
5) To relax current standards. 
The adopted procedure will undoubtedly 

not be a clear-cut solution, but will either 
be some combination of the above or some yet 
undefined conclusions. 
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TABLE I 

RANK ORDER CORRELATIONS 
------- ---- ~ - ~ 

Correlation Number of Items Correlation 

Rank Order Set 1 Rank Order Set 2 Coefficient in Rank Order Sets Improvement 
when City F is 

Removed 

Percent- Altitude Percent- Altitude with without with without 
Space ile (meters) Space ile (meters) City F City F City F City F 

----- ----

AIR-GROUND 

Air 90th 450 Ioo .56 .67 10 9 .11 
Air 50 450 Ioo .67 .90 10 9 .23 
Air 10 450 Ioo . 62 . 83 10 9 .21 
Air 90 3000 Ioo . 26 . 42 8 7 .16 
Air so 3000 Ioo .38 .60 9 8 .22 
Air 10 3000 L, . 40 .59 9 8 .19 

(J1 

AIR-AIR 

Air 90 450 Air 90 3000 . 79 10 I 
Air so 450 Air 50 3000 . 83 11 I 

' 

Air 10 4SO Air 10 3000 .71 11 

GROUND-GROUND 

I 3 o o o (Field Intensity I I 3 o o o (leak detector) I 1. oo I 3 
Meter) 

Ioo (Combined FIM & leak I 3 o o o (Combined FIM & 
detector data) leak detector data) j .99 

I 
10 

Ioo (Combined data) Automated ground data I . 80 4 



SMALL EARTH STATIONS 
Protection of Service 

Robert H. All en 

Rockwell International 

This paper examines the protection of programming 
and service for the small earth station for the 
Cable Television Business. 

A review of the CATV Companies and the growth of 
the business over the last few years shows that 
the availability of new programming sources has 
produced industry growth. A quick examination of 
what is available in the programming area is 
provided. This growth has and will continue to 
require more equipment to handle the added service. 

A discuss of protection of programming and service 
is provided. This includes some block diagrams of 
service protection techniques used with discussions 
of each. The techniques covered include schemes 
for protection of low noise amplifiers, video 
receivers, polarities, power etc. Protection of 
programming is discussed briefly. Techniques used 
are controlling the satellite video receiver via 
clock, telephone, in-band switching, out of band 
switching, micro-processor control. 

1.0 Introduction 

The technology advances in the past few years have 
brought satellite communications to a reality. 
More recent advances have brought the cost within 
the reach of the cable television industry. With 
the advances, the quality and quantity of the ser­
vice has increased tremendously. The protection 
of service and programming is paramount to manage­
ment of a cable system. This protection is divided 
into two areas: the first is the protection of the 
service and the second, protection of the program­
ming. 

Recently RCA has announced the launch of a third 
satellite because of predicted business . Their 
"Cable Bird" (Satcom l) is almost saturated with 
programming. Earth stations having more than five 
video receivers are becoming commonplace. The need 
for wide band cable system is here and the program­
ming is available. A problem in using the program­
ming available is that the common carriers, RCA, 
Western Union, etc. typically rent/lease a channel 
for a certain number of hours per month. Most con­
tractors do not specify which transponder (chan­
nel #) or satellite. Thus the service can be moved 
around and the Earth Station operator must be 
flexible. 
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Not all of the program originators have rented the 
channel they use on a 24 hour a day basis. This 
allows the common carriers to rent this channel to 
another programmer during other hours of the day. 
Since most cable operators hardwire their Satcom 
recievers to a cable television, modulator, most 
transponders are distributed to the public 24 hours 
a day. The FCC has stated that the cable operator 
is responsible to squelch the output of video 
receivers picking up unwanted signals (Programming). 
That is the cable ooerator must distribute only 
programming he is authorized to distribute. 
This can be done by retuning the video receiver 
to desired programming or by turning off the 
receiver or suppressing the output of the 
receiver or cable modulator. No matter what 
vehicle is used the cable operator is "respon­
sible" to insure that he distributes only prog­
ramming he is contracted to receive. 

Expanded program availability has led to multi­
channel earth stations making protection schemes 
important to the smooth operation of a cable system. 
FCC requirements placed on cable operators compels 
interest in Program Protection schemes. 

2.0 The Cable Television Market 

Cable Television had its early start in providing 
video programming to areas without the ben~fit of 
commercial television. This was done by h1gh 
quality reception of distant TV stations, and/or 
micro~1ave of video programming, and/or coupled 
with the bicycling of video tapes. 

In recent years the cable television market has 
blossomed into a thriving business. Technical 
advances combined with the FCC approval of 4.5 
meter antennas have provided economical earth 
stations which are orofitable for even the small­
est of cable system~. Additional programming and 
services distributed via satellite combined with 
the entrepreneural aggressiveness of cable oper­
ators has spawned a phenomenal expansion of the 
cable television market. 

Currently, the cable market reach so~e 20 million 
homes with a variety of services. Cable systems 
are being installed in major metropolitan areas 



because it is becoming profitable in almost all 
communities. Cable television franchise are be­
ing applied for in most communities at an in­
creasing rate. These indications point to pro­
jections that cable will reach 80 million homes 
by 1984. 

The technology of space (Satellite) communica­
tions and the availability of good video pro­
gramming are both responsible for the boom in 
the cable business. The technology is here to 
stay but the quality of programming could be 
subject to degradation. But this author feels 
that with the quality and diversity of program­
ming in a free market place there will be an im­
provement in programming to which the public 
will benefit. The programming available today 
is in the form of end movies, HBP, Fanfare, ASN, 
super stations: WGN Chicago, WTCI Atlanta, etc, 
News and weather via audio subcarriers (slow 
scan video), Christian broadcasting: PTL, CBN, 
Trinity broadcasting and special events. 

The special events range from Fanfare and Hughes 
sports to Robert Wold, to PBS, to SIN. Some of 
the special events are for broadcasters only,but 
cab 1 e can use them on a "non-interference" basis 
which will become more attractive as the cable 
systems continue to expand. Remember cable sys­
tems have multi channel capacity while broadcas­
ters are limited to one channel. These multi 
channel capabilities of the cable systems re­
quire multi sources. As the market grows, cable 
system operations will continue to grow in size 
and complexity. Techniques discussed in this 
paper provide some solution for service protec­
tion of multi channel satellite earth stations. 

3.0 Protection of Service 

The most important thing in the cable business 
is the (uninterrupted) distribution of program­
ming to the customer. Obviously, cost has a lot 
to do with the amount of redundancy and spare 
equipment on hand. But the protection of ser­
vice is foremost in the minds of the cable com­
panies. 

A discussion of some redundancy of equipment 
follows. 

Low Noise Amplifiers for Earth Stations 

The Low Noise Amplifier (LNA) is a key element in 
the satellite earth station. There are three 
types of LNA's, but for the smaller earth stations 
used for video reception, the solid state (trans­
istorized) will be the one disqcssed here. 
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Most of the earlier/more expensive earth stations 
had redundant LNA's; redundant LNA's being defined 
as a 1 for 1 hot standby. That is, two LNA's and 
a waveguide switch mounted at the antenna. There 
are two good techniques for "switching LNA's". The 
first is the detection of a failed LNA from a 
fault indication, which is a summary alarm gener­
ated internally by the LNA. This requires a small 
amount of logic to determine whether the failed 
LNA is on line or not. If the failed LNA is on 
line (active), the waveguide switch should switch 
in the other LNA; otherwise, do nothing. 

TO RCYII 

1:1 LNA SWITCHING 

This method allows this LNA switching to be rc­
moted by the use of a dry contact very ea~i ly. 

The second method is to monitor the fault output 
of all of the video receivers. If all the re­
ceivers have a fault (loss of RF) simultaneously 
(within one second), then generally one of two 
things has happened. First, either the satellite 
failed, or there was a failure in the LNA. If the 
satellite failed, it does not matter what you do. 
If the LNA failed, then the off line LNA (standby) 
should be switched on line. This method is not as 
popular as the other method. It will become even 
less popular because the widespread use of both 
polarities on the RCA satellite require more ef­
fort to implement. 

To carry this discussion of LNA protection one 
step further, if protection of two polarities is 
required, what is the best method? The trend for 
earth stations with reasonable access time seems 
to be to go with single LNA's for each polarity 
used and to have a shelf spare. Then,upon failure, 
a technician can change out the device in about 15 
minutes. For a focal point feed mounted LNA, this 
can be longer. Earth Stations using dual polari­
ties and requiring protection, i.e., hot standby 
LNA, the thought of using one LNA to protect two 
LNA's for each polarity has come up repeatedly. A 
diagram of how this could work is provided. 



I 2 LNA SWITCHING 

The cost of an extra wave~uide switch, sp~cial 
plumbing (waveguide bends), and extra log1c/cable 
would cost more than full redundancy f?r each ~o­
larity. A suggestion made frequently 1s to utll­
ize full redundancy on the polarity where the ma­
jority of revenue producing traffic is, and use a 
signal LNA on the other polarity. 

This provides 50% chance of protecting the 

This provides 50% chance of protecting the 
failed polarity and if the single LNA dies per 
chance, then all is needed is to manually swap 
the hot standby with the failed LNA, thereby 
restoring service. 

Video Receivers 

The protection of radios in general has his­
torically been by having more radios than re­
quired, so that a failed unit can be swapped 
out or relieved of its assignment. Critical 
assignments have required one for one protec­
tion of radios; that is, one hot standby pro­
tecting the on-line radio. The need to protect 
more than one radio, coupled with the cost of 
a video receiver, has caused the development 
of a one for N switch to be used with satel­
lite Earth Station video receivers. 

This baseband switch allows one frequency-agile 
video receiver to be the hot standby radio for 
more than one on-line receiver. T~10 companies 
making a switch are Scientific Atlantic and 
Call ins/Rockwell International. They are one­
for-seven and one-for-eight switches respec­
tively. The block diagram shows a one for N 
switch used with a single polarity Earth Station. 
The block shows two on-line receivers with a hot 
standby. 
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liN RECEIVER SWITCHINe 

This protection of receiver can be carried a s~ep 
further. The previous discussion was for mult1ple 
receivers on one polarity. But the switch can ~e. 
used to protect multiple receivers ~n two polar~t1es. 
The figure below shows a dual-polar1ty system w1th 
two receivers on each polarity, with the standby 
receiver receiving its RF signal from a coax switch 
that selects the RF signal from the same polarity 
as the receiver that fails. This additional 
function requires some manually programmable logi~. 
The polarity select logic requires that the pola~1ty 
of each reciever be set. This allows the polar1ty 
select logic to position the coax switch so that 
the standby receiver receives the correc~ RF. 
signal (vertical or horizontal). Commun1cat10n 
Properties Inc. has installed approximately 
fourteen of these dual-polarity video protections 
setups in their cable television earth station. 

1:" SWITCH 

IU::IOUT 

fl)(lOIJT 

I 
I 

I ---------.., I 
( Ffl£0lLNCY 1 

: ____ !:'~T J=_IN_!.----- ~~~:_~_J 

DUAL POI..AI!ITY RECEIVER PROTECTION 

Communications Properties has also installed two 
antennas at their Midland, Texas, Earth Station 
location. The antennas and equipment are used 
as two separate systems, but for purposes of eco­
nomics one could use any assortment of antennas, 
LNA 1 s and one toN receiver protection schemes to 
best suit his requirement for protection of 
service. 



Power 

There are many techniques for providing un­
interrupted power systems (UPS) for commu­
nications equipment. There are three popular 
techniques shown. The first is typical UPS for 
large systems which provide an uninterruptable 
source of A.C. power. D.C. supplies are 
powered from the A.C. source. This is very ex­
pensive and generally not needed for video type 
reception (CATV type video). 

AC 

INPUT 

!140VDC 

INVERTER 
oc/AC POWER TO 

EQUIPMENT 

TYPICAL UPS SYSTEM FOR LARGE EARTH STATION 
CAF1'\CITIES RANGE FROM 10 KW TO 500 KW 

The second type is the Of'S 1vith D.C. b-ackup which 
holds down the size of the invertor (whic~ is 
the largest cost element) and allows the D.C. 
powered equipment to operate off the battery! 

AC 
INPUT 

-24VOC 
POWER SUPPLY 

120 VAC INPUT 
-20 VDC INPUT 

TYPICAL UPS SYSTEM FOR SMALL EARTH 
STATION WITH DC BACK-UP 

The third type of system shown is the ideal 
situation v1here all equipm~nt is D.C. operated. 
This is the most economical ~nd most reliable 
type of backup. 
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AC 
INPUT 

DC VOLTAGE 
OPERATION 
ONLY EQUIP 

TYPICAL POWER SYSTEM FOR MICROWAVE SYSTEM 
OR SMALL EARTH TERMINAL 

The diagrams do not point out than an emergency 
generator can be used in conjuction with all the 
techniques to compliment long power outages. 
However, as one cable operator implied, it doesn't 
do much good to have emergency power at the earth 
station/Head-in if the cable distribution system 
is also having a power failure. This is especailly 
true in smaller communities. 

Telephone 

The telephone is an excellent real time tool for 
changing channels on a video receiver or turning 
the programming on and off. Some of the PBS 
Earth Stations capability on their remoted earth 
stations. Other Satcom users have discussed 
this capability, but to date it is not in wide­
spread use. One reason is that it requires some­
one to monitor all broacasts and actually make 
the equipment changes real time. 

Signals Contained in Programming (Out of Band) 

Some of the program originators have agreed to 
put test tones on subcarriers as "trailer" to end 
of their daily programming. This would trigger a 
"switch-off" of the video receiver or a change in 
the frequency. An example of this would be that 
at the end of a movie, a special test tone would 
be put on the aural subcarriers for a period of 
time. This would be detected and cause the 
receiver to tune to another source of programming 
(like CBN or PTL) which allows 24-hour use of 
the equipment at a minimum cost for programming. 

Signals Contained in Programming (In Band) 

The oti-Jer type of switching vi a transmitted s i g­
nal is In Band switching. This is information 
contained within the video information that is 
picked out and used to control the video receiver. 
For example, Holiday Inn has requested that their 
upcoming 300 Earth Stations have information con­
tained In Band that would control the frequency 
(channel) being received. This would be done by 
having the uplink source (program) put the infor­
mation required in the programming for change to 
the next program source. The next source would 
be responsible for returning the receivers to 
the original channel moving another frequency. 
This would be done in concert with the program 
sources. 



Microdyne reports that Microdyne, Scientific At­
lanta, Holiday Inn, Home Box Office and RCA will 
perform tests to determine the best In Band 
technique for switching the Earth Stations video 
receiver frequency. By best method, we mean the 
best for Holiday Inn's application. Their opin­
ion is that digital information on the vertical 
internal will allow the most latitude and be the 
best choice. Tests are scheduled for late 
April 1979. 

Microprocessor control of the Earth Stations is 
immeninant. The widespread application of micro­
processors has brought this technology within the 
reach of the small cable operation. The capabil­
ity to fulfill numerous tasks is well within the 
capacity of the microprocessor. Examples of 
these tasks are: 

o Control Frequency of video receiver 
by the time or signals rec. 

o Control protection or redundancy of 
equipment. 

o Monitor Security. 

o Monitor ambient temperatures. 

o Control heating and cooling. 

o Interface with telephone to receiver 
command inputs or provide complete 
status of the Earth Stations and/or 
cable headin. 

Program Coding 

There is increasing requirement to secure that 
transmission of video programming. This re­
quirements for both satellite and cable trans­
mission. 

ITT Space Communications has announced a 
Gray scale Sync Video processing system. 
This system is for improving signal to ratio, 
multiplexing audio channels into the video 
and implementing secure video transmission by 
switching the polarity of the alternate video 
scan lines. This has good potential and could 
be required to receive satellite transmission 
within two or three years. Because this would 
allow the programming houses like HBO, Fanfare, 
etc. to secure the transmission of their product, 
thus insuring that only subscribers receive the 
programming. 

A less sophisticated technique which is perfect 
for cable distribution is the strip sync 
technique. Magnivox now sells a unit that 
strips the sync from the video programming 
and transmits the sync via a pilot carrier. 
The customer then installs a very inexpensive 
(CATV provide) demodulator at the input to his 
TV receiver which takes the sync information 
the pilot camera and inserts it back into the 
video information. 
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Conclusion 

!here are.no such techniques of providing failure 
free.s~rv1ce. There are many fine techniques of 
prov1d1ng ~edundancy and control of equipment.The 
best s~lut1on to your operational needs must be 
determ1ned ~Y you. This includes consideration 
of cost, m~1nt~nance, equipment life, and others. 
A s~ggest1on 1s made that consideration for pro­
tectlon schemes be made as you build or expand 
your systems. t1ost reputable equipment suppliers 
can help with sol~tions for protection, if not 
then.system suppl1ers like Scientific Atlanta or 
Colllns/Rockwell International will gladly assist 
you in selecting a protection scheme for your 
system. 



SMALL SYSTEM PROBLEMS 

Larry Loftin Searcy 

Enterprise Cable Television, Inc. 

ABSTRACT 

In a small system, the problems encountered 
are many, but all could fall into three cate­
gories. These being (l) equipment, (2) person­
nel, and (3) management. 

Equipment problems could be the most com­
mon, but also the most difficult to deal with. 
Another problem is the lack of adequate test­
and maintenance equipment. 

Personnel can be the number one problem 
if experienced and trained people are not em­
ployed. This could be the downfall of many 
systems whether large or small. 

The third most common small system pro­
blem is management. 

All of the above mentioned problems have 
varying ways of being solved. This paper will 
discuss some of these problems and their solu­
tions. 

TEX'l:' 

Equipment problems could be the most com­
mon and also the most difficult problems to deal 
with. In some small systems, especially if they 
are an older system, the equipment may be out­
dated by todays standards. If the system has 
not kept up with the modern innovations and ideas 
that have happened in our industry, then the 
service to its customers will not be the best it 
could be. Any system, whether it be large or 
small, must stay up with the modernization that 
is happening everyday. For example, who would 
have thought, three or four years ago, that an 
Earth Station would be available for almost any 
cable system in the United States. 

Modernization is one thing that every sys­
tem must keep at the head of its list of things 
to do. The amplifiers of five years ago cannot 
meet the specifications of amps that are pro­
duced today. With the new hybrid chips that are 
common today, amp spacing can be longer, with 
even better signal to noise ratio than was pos­
sible a few years ago. 

Our industry is changing so fast with new 
and improved equipment being sold everyday. We 
must stay up with it to give our customers the 
best service we can. 

Also, in small systems, the repair of defec­
tive equipment has to be accomplished by sending 
it to an outside company. This being the case, 
you would have three sets of equipment. The one 
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you are using, the one on the way to the repair 
center and the one returning from the center. If 
a person could be employed that could repair the 
systems equipment, the savings would be tremen­
dous. Also, this employee would be a better 
trouble shooter if he knew what malfunctions with­
in the equipment caused certain problems. By re­
pairing the systems amps, he could see from look­
ing at the pictures on his longest trunk run 
and determine from that if all the amps are work­
ing correctly. 

Another problem could be the lack of adequate 
testing and maintenance equipment. The most com­
mon is the field strength meter. The field 
strength meter, to us, is like a stethoscope to a 
doctor. With an adequate field strength meter, 
almost any problem within our system can be de­
tected. To us, the field strength meter is our 
right hand man. Each system must have at least 
one, if not more, that is correctly calibrated 
for that systems operation. No system can operate 
without a good field strength meter. In our 
system, we keep a 7270 field strength in our head­
end. This meter does not leave our head-end 
except for proof-of-performance measurements. 
This meter is the calibration standard for all of 
our other meters, and if any questions about 
accuracy occur, then this is the one that is 
considered to be right. If you use a different 
meter to set your line amps, and another one to 
set your head-end, than these should be calibra­
ted at the same time to assure accuracy. We at 
Enterprise Cable Television calibrate all of our 
field strength meters every month. We make 
notations of any errors found, the date this was 
performed and the readings found. At the same 
time that we calibrate our head-end or trunk-
amp meters, we also calibrate our installers 
meters. This is something that must be checked. 
The installers meters must be kept in the same 
operating condition as your line and head-end 
meter. I also believe that every truck within 
the system should have its own field strength 
meter and that this meter should stay with that 
truck at all times. At one time, we did not have 
a meter on each truck, but after a year of try­
ing to share a 727 between two technicians, we 
soon solved that problem. At one time, we did 
not have installers meters, but we found that by 
giving each installers truck a meter, we soon 
saved the cost of the meter in drop cable that 
was needlessly replaced. Don't get into the 
habit if you have a trouble call, whether it be 
cross-mod or snow, of replacing the drop. 



By training our installers to use their meters, 
the times that a technician has to be called has 
been reduced tremendously. The first thing that 
out installers do when they call for help on a 
trouble call is to tell us what the meter read­
ing is. Not only the reading in the house but 
at the distribution cable as well. Our instal­
lers save us much time by not only knowing what 
the readings should be but why they should be a 
certain value. One very important point about 
meter readings and signal level is that to get a 
correct output, you must have a correct input. 
That is one thing that we at Enterprise Cable 
Television have learned through experience. No 
amplifier of any make can work like it's supposed 
to unless the input is right. 

To a small system, another piece of equip­
ment that may seem to be a luxury, is some form 
of radiation detection. Although radiation de­
tection may seem like a waste of time and money, 
it can save on three important things: (1) 
trouble calls, (2) "might-be" customers, (3) 
keep you out of trouble with the FCC and FAA. 
If you have radiation within your system, it 
can cause problems to your paying customers, 
such as ghosts, intermittant good-ill-snowy pic­
tures and other kinds of picture degradation. 
Radiation is the leaking from your system the 
information being carried by your cable. If a 
person could pick up this leakage for free, why 
should he pay for it? Radiation detection may 
be a luxury, but it will pay for itself. 

Personnel can be the number one problem if 
experienced and trained people are not employed. 
This one problem could be the downfall of many 
systems, including large and small. The person 
employed by a small CATV system needs to be a 
jack-of-all-trades. From an installer to main 
line trouble shooter. But how can a small CATV 
system afford to employ a top-notch technician or 
engineer? This is something that only the local 
manager or owner could answer. Here's a sug­
gestion. At the NCTA National Convention in New 
Orleans last year, there was a session on CATV 
employees: Buy them, steal them, or grow your 
own. The consensus of opinion at that meeting 
was to grow your own. Who would know better what 
condition your system is in, or the inputs and 
outputs of each amplifier that the local tech who 
has grown up in that system. A good place to 
secure a technician is at the local Jr. College 
if they have an electronics program. This person 
would have all the book learning he would need, 
but he would have no practical experience. This 
could be an advantage because he or she could be 
trained in the way you would want your technician 
trained. 

A good technician is only as good as the 
installers and trouble-shooters under him. A 
good installer may not be as hard to find as a 
technician, but he will have to be completely 
trained. As far as I know, there are no schools 
for installers. At this point, I would like to 
say that I feel that we, in our industry, need 
to start having some seminars for the local 
installer, even if we have to start by saying, 
"This is an F fitting." 

We, at Enterprise Cable Television, have 
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what we call rainy day classrooms. If we have a 
rainy day or an installer catches up with his 
work, he can always go to the head-end and prac­
setting amplifiers and reading a field strength 
meter. Thank goodness that all of our installers 
can read a field strength meter and set any 
amplifier in our system. We accomplished this 
by setting up a test amplifier set-up in our 
head-end. This set-up includes a power supply 
like they may see out on the line, a main line 
or high level amp and a line extender. With this 
we can simulate any real situation within our 
sys tern. 

Employees need to be good public relations 
people for their respective companies. Each 
employee, from office personnel to chief tech­
nician must treat each customer with courteous 
and efficient service. Good public relations is 
one criteria that all cable systems must meet. 
One bad employee in a system can cause more harm 
than a two to three hour outage during a football 
game. There is an old saying that I remember 
that goes something like this, "The customer is 
always right." Up to a certain point, I believe 
that this should be a motto in our industry. We 
are unique in our field that we provide a serv­
ice to our customers right in their homes. Our 
pictures, so to speak, are the proof of our work. 
If we provide a good quality signal with fast, 
dependable service, then the customer has re­
ceived his moneys worth. On the other hand, if 
our picture quality is poor with service calls 
being handled very slowly, if at all, then we 
don't give the customer what he is paying for. 

If a customer requests a service or trouble 
call, then that should be handled as expeditious­
ly as possible. A good goal to set is to try as 
much as humanly possible, to go to that persons 
house during that same working day. We at 
Enterprise Cable Television give trouble calls 
number one priority. When a customer asks for 
service to them, the problem they are having is 
extremely important. Although sometimes it may 
be no more than a fine tuning problem, to that 
customer it is a major problem. It is especial­
ly important that all trouble calls be handled 
with good public relations. When your service 
man goes out to handle a trouble call, no matter 
how unimportant it may seem, he must listen 
intently to the problem and try to give a correct 
solution. We, in this industry, are human and 
we will make mistakes. If a problem is ours, I 
think we should admit it. But if the problem is 
not ours, then inform and show the customer why 
it is not our fault. 

Another important point is not to try and 
snow our customers. If you don't know what the 
problem is, say so. But don't leave it there, 
assure the customer that you will consult with 
your system technician or engineer or that you 
will call someone within our industry for help. 
All of the suppliers of amplifiers that I know 
of always have someone at their office that you 
can talk to about technical problems. A cus­
tomer who really wants to have good service will 
work with you and will wait a reasonable amount 
of time for a solution. A customer whose trouble 
was handled professionally and in a quick manner 



is a satisfied customer. Also, if he happens to 
tell a neighbor about the way you treated him, 
then this will be more good advertising for your 
company than a full page newspaper ad. Converse­
ly, if he is not handled professionally, rest 
assured he will tell his neighbors. 

Public relations is something that every 
cable system must keep up. A good working rela­
tionship with your customers will keep the 
amount of service calls down and give you the joy 
of knowing that your system is one of the best. 

The third most common small system problem 
is management. Management could be a problem, 
but most times not. Usually the manager is also 
the owner. Therefore, he will be doing his best 
to make the system as good as possible. The per­
son who is the manager needs not only to be a 
leader of his personnel, but sometimes a Dear 
Abby, too. At one time or another, an employee 
may have a problem that does not come within the 
scope of his job. He may need to do nothing more 
than just talk to someone about it. This is 
where the manager can set up a relationship with 
his employees that will benefit everyone within 
the company. A person cannot do a job better 
than the way he feels that day. 

A manager must keep up with the problems 
that an employee encounters on and off the job. 
I don't mean to say meddle in his employee's 
private lives, but if his advice and consulta­
tion are asked for, he should have some know­
ledge of the situation. I think that the manager 
should feel that the employee is doing him a 
favor by working for him, instead of the manager 
feeling he is doing the favor. I feel a good 
manager is one of the prerequisites for a good 
system. 

All of the above mentioned problems have 
varying ways of being solved. One of the best 
ways would be to have a continuing program of 
education for system personnel. From this, 
equipment can be up-dated, repaired and main­
tained. Personnel can be trained and advanced 
within the company. Management can stay ahead of 
system problems and solutions. 

Continuing education is something that I 
think we will be hearing more of in the future. 
Our industry is a fast changing one with new 
and innovative ideas happening everyday. We 
must stay up with these changes to give our 
customer the best service possible. I applaud 
the Society of Cable Television Engineers in 
their efforts to have technical meetings through­
out the nation. Not only does SCTE bring togeth­
er the best speakers that can be obtained, but 
also it gives us, the technical and management 
personnel, a chance to come to together to dis­
cuss our problems with each other. Also, the 
NCTA has done a marvelous job in this respect at 
the convention last year in New Orleans. They 
presented discussions in every phase of cable 
communications. 

I believe fully that all system problems 
can be solved by conscientious people doing their 
best as if they, themselves, were the customers. 
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ABSTRACT 

SPECTRUM ANALYZER 
AS A COMPUTERIZED 

"PROOF OF PERFORMANCE" 
MACHINE 

This paper presents the use of a programable spectrum 
analyzer as a computerized "Proof of Performance" machine, 
particularly for proving turnkeys where accurate rapid 
checking of system performance is of considerable economic 
performance. The system is described using a computer, 
plotter and high speed printer. In addition, a special van 
for the instrument is being specially fitted with power, 
air conditioning, etc. The van also has a two-way radio to 
provide an automatic data link back to the head-end so that 
the computer can instruct programmable signal generators 
temporarily installed at the head-end to work with the whole 
system. 

Author: I. Switzer, P. Eng., 
Consulting Engineer 
Switzer Engineering 

Services Limited 
Mississauga, Ontario 

complete text is either printed in appendix B or available 
upon request from the autho~. 
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SPECTRUM ANALYZER AS A COMPUTERIZED "PROOF OF PERFORMANCE" MACHINE 

I. Switzer, P.Eng., 
Switzer Engineering Services Limited, 

5840 Indian Line, 
Mississauga, Ontario, L4V 1G2 Canada 

ABSTRACT 
The new Hewlett-Packard 8568A 

spectrum analyzer and associated computer 
controller and peripherals have been applied 
to the problem of automated field testing of 
cable television systems. The automated 
~pectrum analyzer reduces testing time per 
test point from more than one hour to about 
5 minutes. The test program emulates manual 
testing methods, but future development is 
expected to develop more optimum testing 
strategies. The system will be most 
valuable for testing new systems built under 
turn-key contracts and for technical audit 
of systems, particularly in cases of change 
of ownership. It is expected that automated 
video waveform testing will be introduced 
within a year. 

The spectrum analyzer is now 
widely used and accepted as an important 
electronic instrument in cable television 
applications. Their principles of operation 
are now widely understood and various models 
are in use in the cable television industry 
in both field and laboratory application. 
They function as a form of "swept-display 
signal-level meter", presenting a 
comprehensive view of signal amplitude as a 
function of frequency. The first laboratory 
class instruments suitable for cable tele­
vision work were introduced by Hewlett­
Packard about 1970. This spectrum analyzer 
system was described, along with a number of 
cable television applications, in a paper 
which I presented at this convention in 
1971. Similar laboratory class analyzers 
were introduced by Tektronix a few years 
later. Field type portable analyzers were 
later introduced by Texscan. Both labora­
tory and field type analyzers are now widely 
used in the cable television industry. 

The versatility and precision of 
the laboratory type spectrum analyzers, 
particulaly the H-P and Tektronix models 
have made them popular for precision field 
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television systems. Although I have 
referred to these analyzers as "laboratory" 
instruments, they can and are successfully 
used in the field, although their size, 
weight and power requirements means that 
they are somewhat restricted in their 
mobility. We have specially constructed, 
shock mounted cases for taking our labora­
tory type analyzers into the field - usually 
in a van with an engine driven AC generator 
system for power. 

We have used laboratory class 
analyzers, both H-P and Tektronix, since 
they first became available. They made 
possible a class of measurement versatility 
and precision previously unavailable. A new 
generation of spectrum analyzer - exempli­
fied by the HP 8568A system - is now 
available further expanding the utility, 
flexibility and precision of spectrum 
analyzers in cable television applications. 

THE H-P 8568A SPECTRUM ANALYZER 
, The 8568A was made available by HP 

in 1978. It's principle distinguishing 
features include: 

- use of digital processing and 
display of the video signal 

- use of synthesizers for 
generation of local oscillators 

- full programmability of all 
instrument control functions, using digital 
instrument keyboard, three internal 
microprocessors, and external HP-IB digital 
control bus 

- compatibility with external 
computers, printers, plotters and other 
digital and analogue peripherals 

- significant improvement in 
specifications over previous generation 
analyzers. 

The 8568A tunes the 100 Hz to 1500 
MHz range with synthesizer precision. It 
offers 10 Hz resolution throughout that 
tuning range. Tuning stability and phase 
noise are exceptional, and represent a 
considerable improvement over previous 



generation spectrum analyzers. It offers a 
spurious free dynamic display range of 
better than 85 dB with 100 dB displayed on 
the screen. It has a high quality 
flicker-free display with versatile 
alpha-numeric titling, further enhanced by 
the ability to reproduce the display on 
attached digital plotting and printing 
equipment. It has excellent internal 
self-calibrating features and above all is 
fully programmable. It is the programmable 
feature that appealed to us. 

The 8568A functions can be 
programmed from a variety of external 
computer systems. The HP 9825A desk-top 
computer is most commonly used. H-P makes a 
variety of "library" programs available for 
using the 9825A as a controller for the 
B568A and sells the complete system as the 
8581A Automatic Spectrum Analyzer. We 
couldn't afford the 8568A as a "manual" 
spectrum analzyer, i.e. without the computer 
controller and preipherals. We feel that 
the cost of the analyzer is best justified 
when operated in an automatic mode. 

APPLICATIONS OF AN AUTOMATED SPECTRUM 
ANALYZER 

Automated test equipment has 
become very popular in manufacturing 
operations where an automated instrument set 
can be programmed and employed on a high 
volume production line with obvious 
economies. Such automated test sets perform 
complicated test routines automatically and 
accurately. We are not in the manufacturing 
business and we had other applications in 
mind when we bought our automatic spectrum 
analyzer system. 

As a consulting firm providing 
support to several MSO's we have had 
extensive experience in proof-of-performance 
testing. We have two laboratory type 
spectrum analyzer systems (one each by H-P 
and Tektronix) that we employ nearly full 
time in such applications. We find that an 
experienced field engineer will take about 
one hour per test point to check a 20 
channel system. It takes somewhat longer to 
check a system carrying more channels. 
Additional time is required in the office to 
interpret the field notes and 'scope 
photographs and to prepare the report sheets 
for each point tested. It takes a fair 
amount of experience and skill to run the 
instrumentation through all the tests 
required and to make sure that observations 
are accurately noted. We wanted to automate 
most of this process. 

The easiest way to appreciate the 
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degree of programmability of this analyzer 
is to study the manufacturer's operating 
manual or to participate in an actual 
demonstration. Center frequency, sweep 
width, reference level, etc. are all 
selected by digital keyboard. IF bandwidth, 
video bandwidth, and sweep time all adjust 
themselves automatically to maintain valid 
displays. All these parameters can also be 
individually controlled if desired, To put 
it briefly - control is provided, whether by 
keyboard or externally programmable, for 
virtually every operating parameter that the 
operator might wish. The analyzer also 
provides features not available on previous 
generation spectrum analyzers. There is a 
"max hold" mode in which the display updates 
only when the value is higher than previous 
sweeps. There is an automatic "video 
averaging" mode in which successive sweeps 
are arithmetically averaged and displayed. 
There is a "delta marker" mode in which the 
difference in both level and frequency 
between two markers is displayed. There are 
three digital memory storage arrays. 
Display data can be transferred between them 
and between analyzer and external computer. 

These functions can be better 
appreciated by reviewing the digital video 
signal handling. The basic spectrum 
analyzer functions are performed in 
"analogue" mode. The analyzer is a triple 
conversion receiver, using synthesizers as 
local oscillators. After detection the 
video signal is converted to digital form by 
means of a digital/analogue converter. The 
display functions are then handled in 
digital form. The display consists of a 
1000X1000 point array which is refreshed 
from memory at about 60 Hz rate. The 
1000X1000 point memory array is managed by 
internal microprocessors which feed the 
video and sweep data into the array. These 
display arrays can then be "averaged", 
"added", " subtracted", printed out, plotted 
or handled in any other "digital" way that 
we may wish. 

The digital video signal handling 
allows the instrument to perform such 
usefull functions as averaging and "max 
hold". It also provides fast "noise 
measurement" since it automatically performs 
the noise-bandwidth adjustments and 
calculations providing direct readouts in 
terms of level normalized to 1 Hz bandwidth. 
The computer controller then makes easy 
extrapolations to any other noise bandwidth, 
e.g. 4 MHz, that we wish. 

Measurement units are also easily 
adjusted. Pushing a couple of buttons (or a 



simple computer command) changes readings 
instantly from dBm to dBmv to mv, and 
introduces the compensation for any external 
matching devices which are required. 
Vertical display scales are similarly 
changable from 10 db to 5 db to 2 db to 
db per division. 

Consideration of the specific­
ations and operating manuals, and a bit of 
direct experience soon convinces one that 
this instrument under computer control can 
do anything a field engineer can do with a 
manually opoerated spectrum analyzer -
better, more accurately and much faster. 

Consideration of operating speed 
should be tempered by the fact that this is 
still an analogue instrument up to the video 
detector and it is subject to the same 
trade-offs of bandwidth, span and sweep 
time as are conventional spectrum analyzers. 
A sweep requiring narrow bandwidth and wide 
span still requires considerable time even 
when the sweep has been commanded digitally 
and the display is being read out and 
handled digitally. These sweep times become 
the limiting factor in system operating 
speed and are kept in mind when programming 
important consideration is that a complete 
display represents about 1 megabit of data 
and takes appreciable times to read in and 
out of the analyzer and occupies consider­
able external storage space. 

With these advantages, and within 
the constraints we have briefly described, 
we have programmed our system to auto­
matically perform a "proof-of-performance" 
test, printing and plotting the results 
automatically. We have generally emulated 
ther manual operation as a first generation 
approach top the required program. With 
some further field experience we expect to 
refine the program and technique, optimizing 
the procedure to take full advantage of this 
particular instrument system. The system 
first asks what tests and procedures are to 
be run, reads in external data such as 
names, date, location, etc. It then 
performs all the tests required, printing 
out directly, or storing information in 
digital form for later read-out. Sample 
displays and print-outs are appended to this 
presentation. We hope to provide an actual 
demonstration with the oral presentation of 
this paper at the convention. 

ADVANTAGES OF AUTOMATIC TESTING 
We believe that the main advantage 

of the automatic testing for cable 
television is speed. Added precision and 
clarity of data presentation is a valuable 
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secondary feature. 

The speed of operation (about 5 
minutes per test point) is not necessarily a 
great advantage if there are few test points 
to be done and if there is a significant 
travel time between test points, as in the 
periodic testing to FCC or DOC requirements. 
These government requirements can be met by 
the testing of relatively few points and 
with a degree of precision adequately 
provided by less costly and complex 
instrumentation. Our principle interest in 
developing and applying this automated 
system is in proof of new turn-key contracts 
and in internal technical audit of operating 
systems. 

Turn-key contracts are detailed 
technical contracts involving large sums of 
money and a complicated technical "product". 
Contractors are anxious to have their 
product accepted by the purchaser and 
receive their money. The purchaser is 
anxious to receive the system in the 
condition and to the specification contract­
ed for so that he can begin business and 
startearning revenues just as soon as 
possible. An automated testing system 
allows a much larger number of test points 
to be checked 
to specification and at lower cost than is 
possible with the present manual testing 
techniques. The automated test system 
represents an investment of about $100,000. 

The presently used manually operated 
systems represent capital investments of 
about $35,000. By tripling the capital 
investment we increase the productivity 
about ten times. We think this is a 
worthwhile trade off, particularly in 
applications where productivity over 
sustained period of time is important. 

We believe that automated testing 
will also be important in other cases where 
a comprehensive and accurate technical 
appraisal of a cable system is prequired, 
e.g. when a system is being sold or when 
management requires a "technical audit". We 
believe that it is important to be able to 
make a meaningful! number of measurements in 
a conveniently small period of time. We 
obviously cannot test every subscriber tap 
in a system. Testing and technical appra­
isal is therefore statistical in nature. We 
can significantly improve the reliability of 
the appraisal if we increase the number of 
points tested. It is expensive to wait for 
the manual testing of a statistically 
significant number of test points because a 
substantial amount of money is tied up 
during this time. The speed of automated 



testing is therefore a very attractive 
feature. The added precision and accuracy 
is a valuable bonus. 

FUTURE ADVANCES IN AUTOMATED TESTING 
We look forward to additional 

forms of automated test systems for cable 
television application. Our next automated 
system will no doubt be a computerized 
automatic video baseband testing system, 
probably the new Tektronix ANSWER II system. 
This system converts video waveforms to 
digital form for measurement and analysis. 
We are working on a programmable tuner for 

the Tektronix demodulator that will enable 
fully automated tuning and analysis of cable 
television video channels. 

Although we operate RF cable 
distribution systems our subscribers look at 
video waveforms displayed on their tele­
vision receivers. The ability to examine 
these waveforms in detail on an automated 
basis will be a valuable augmentation of the 
automated RF capability we are presently 
introducing. We expect to have this auto­
mated video baseband testing system in 
operation about one year from now. 

9569A PERFORMANCE SUMMARY 
FREQ!JENC.V 

MEASUREMENT RANGE 
100Hz to 1500 MHz de coupled and 100kHz 
to 1500 MHz ac coupled. 

DISPLAYED RANGE 
From 100Hz full span to 1500 MHz full span. 

RESOLUTION 
3 dB bandwidths of 10 Hz to 3 MHz in a 1, 3, 
1 0 sequence. 

SPECTRAL PURITY 
Noise sidebands > 80 dB below peak of CW 
signal at frequency offsets ~ 30 x resolution 
bandwidth setting, for resolution bandwidths 
:S: 1 kHz. 

ACCURACY 
Center Frequency 

± (2% of frequency span + frequency refer­
ence error x tune frequency) using error 
correction. 

Marker 
Normal: Same as center frequency accuracy. 
Freq Count: Frequency reference error x dis­

played frequency ± 2 counts (span ::;; 100 
kHz). 

Frequency Reference Error (aging rate) 
< 1 X 10-'/Day (2 X 10~'/Yr). 

AMPLITUDE" 
MEASUREMENT RANGE 

-137 dBm to + 30 dBm or equivalent in dBmV, 
dBI"V; 32 nV to 7 V. 

DISPLAYED RANGE 
10,5,2,1 dB/div and linear calibration; a 10 
division vertical scale. 

DYNAMIC RANGE 
Spurious Responses 

Second harmonic distortion and third order 
intermodulation distortion > 70 dB below sig­
nal levels ::;; -30 dBm at the input mixer. 

Average Noise Level 
< - 137 dBm in 10 Hz resolution bandwidth. 

ACCURACY 
Measurement accuracy is a function of tech­
nique. The following sources of uncertainty 
can be summed to determine achievable ac­
curacy: (at constant ambient temperature, as­
suming the error correction function is used 
and avoiding unnecessary control changes 
between calibration and measurement): 
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Calibrator Uncertainty 
±0.2 dB. 

Frequency Response Uncertainty 
± 1.0 dB. 

Comparison Uncertainty 
(resulting from one of the following tech­
niques for comparing the unknown signal 
with the calibration level) 
Repositioning Signal to Calibration Level: 

± 1.7 dB. 

Using Marker:± 1.7 dB. 

SWt'EP 
TIME 

20 msec full span to 1500 sec full span. Zero 
Frequency Span, 1 !-'sec full sweep to 1500 sec 
full sweep. 

CNPUi 
RF INPUTS 

100 Hz to 1500 MHz, 50 fl de coupled (BNC 
fused); and 100 kHz to 1500 MHz, 50 n ac 
coupled (type N). 

MAX IN PUT LEVEL 
ac: +30 dBm (1 watt) continuous power; 100 
watts, 10 ,.sec pulse into ;:> 50 dB attenuation. 
de: 0 volts de coupled input and ±50 volts for 
ac coupled input. 

ATTENUATOR 
70 dB range in 10 dB steps. 

OIJrPUT 
DISPLAY 

X, Y, and Z outputs fur auxiliary CRT display. 

RECORDER 
Horizontal sweep output (X), video output (Y), 
and penlif!lblanking output (Z) to drive an X-Y 
recorder. 

!NSTRUMet·J1·sr4rt: GT0Rtll6E" 
Up to 6 sets of user defined control settings 
may be saved and recalled. 

REMoTe OPE"RATIO}J 
All analyzer control settings (with the excep­
tion of video trigger level, focus, align, inten­
sity, frequency zero, and amplitude cal) may 
be programmed via the Hewlett Packard Inter­
face Bus (HP~IB). 



SYSTEH DESIGN AND OPERATION \HTH "BASIC" 

James B. Grabenstein 

POTOHAC VALLEY TELEVISION CO., INC. 

This paper will present a list 
of basic programs that can be used vlith 
micro computers for day to day opera­
tion of cable tv systems. The programs 
can be used in micro computers, now on 
the market. The use of "basic" is a 
good introduction to learning computer 
concepts and the digital technicality. 

It is not the intention of this 
paper to come up with any new concepts 
in computer technology. I will attempt 
to point out how I got started and some 
of the standards, I think, the CATV in­
dustry needs to follow. 

Over the past couple of years I have 
built several microcomputer systems using 
the IMSAI 8080 as the base for these sys­
tems. In building the IMSAI 8080 systems 
I have found it extremely difficult to 
program any practical complex programs 
using machine language. I find machine 
language programs very difficult to Debug, 
consequently, I had to discover a langu­
age that was conversational and contained 
error codes. "Basic" seemed to be the 
answer. 

The local community college was off­
ering a course in "Basic", so I enrolled 
in it. The course offered theory and 
terminal time and after a few hours we 
were working simple programs. Then apply­
ing what we had learned to our home term­
inals programming became a much more un­
derstandable and easier to debug. 

"Basic" is a fairly simple language 
to understand and requires little compu-
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ter theory to understand and operate. It 
is becoming a standard language in mo-st 
colleges and high schools throughout the 
country. So it is not difficult to find 
classes full or part time in most areas of 
the country. For the home study enthusi­
ast, many books are available from college 
book stores, radio and TV supply companies, 
and micro computers stores. Most of these 
books are geared as study guides for home 
study. I have found our local instructors 
to be as interested in getting involved in 
"Basic" as we were. 

One of the by-products of taking the 
"Basic" course, I soon found a number of 
people in our area with interest in micro­
computers. Each trying to apply micro 
technology to their hobby or their busi­
ness. From this group a local computer 
club was formed. The club now meets regu­
larly with a constant exchange of ideas 
and information. 

One of the first things we discovered 
was that we each has a different system. 
Host of them being built up from componets 
of varying manufacturers. Each system 
having different recording or punch systems 
different Central Processing Unit, in add­
ition each machine's "Basic" had a differ­
ent dialect or some control code that made 
exchanging material direct impossible. To 
exchange programs we \-VOuld print the pro­
gram in list form, then correct it for 
your machine. Then re-insert it in your 
own system by using a header on the pro­
gram as to the machine it was originated 
on, who wrote it, and the amount of memory 
used. This helped to trace any problems 
you may encounter. Regular debugging ses­
sions were held at the club or at the class. 

Over the past year with the introduc­
tion of the TRS-80 Level II System, it has 
made a package system available to more 
people in our industry. There are some 
excellent people writing programs in this 
format now. I feel we should try to adopt 
some standard so an easy exchange of pro­
grams and date can be established in a 
uniform format and language exceptable to 
the majority of our industry assoon as 
possible. A better method should be the 
use of frequency shift keying using the 
seriel input and output of the input/output 
board. Using the same board rate as your 



keyboard with ASCII characters. This 
system is being ueveloped by LevJ Struck, at 
this time, so we can interface my IMSAI 
to his TRS-80. 

The TRS-80 uses "l!icrosoft Basic" 
\vhich is used in a large numLer of pack­
aged systems now on the market. These 
systems are well in ti1e price range of 
most CATV operations and woulr.l require 
a very little dialogue change. 

As the system I have used Microsoft 
Basic and Lew Strocl; 's 'l'RS-80 uses a 
;Jicrosoft Basic. l~e wanted to test for 
any language errors. 

To test this interchangeability a 
program that was written in "Hits Basic" 
into a 8080 C.P.U. was rewritten Ly Lew 
Strock, of Antietam Cable Television, for 
a TRS 80 Level II. The program was 
tapeu and sent to Bob Luff of the NCTA 
for a test run. We had no' prol.Jlern Hi tf1 
interchangeability. The program is list-
eu on the next page. · 

T!w si1ort pro9rams listed below are 
part of the original program Hritten in 
"ttits Basic". Each small prograrn can be 
entered into most any "Basic" format as a 
sul.lroutinc or as a complete program. 
These programs are examples of applica­
tion that can be fuctional in day-to day 
operations of CATV systems. Or,c thing to 
keep in mind 1111en starting prograliling a 
lilicro computer: Keep your-format sim~le 
anu clo not try to program over your l1ead. 
Try to take one step at a time aml pro­
graming \Jill fall in place. 

The listing on page 4 starting with 
line GOO is a program intended as train­
ing material. The int<mtion is to sliml 
t!1e relationship between carrier to 
noise of ar. individual piece of equipment 
to tile signal to noise of an entire sys­
ter.1, Tlw formulas in this program may 
have value for bther applications. 

200 
201 
205 
210 
21~5 

216 
217 
220 

REM FIELD INTENSITY CUV/M) WHEN FREQ, & DB ARE KNOWN 
REM REF, ODB=1MV 

22~5 
230 

INPUT"DIPOLE LEVEL IN DBMV<ODB=lMV>";D 
INPUT'WHAT FREQ,(MEG, HZ,)';H 
LET E1=EXP<LOG(10l*D/20) 
LET E=1000*E1 
LET F=, 021*E*H 
PRINT"DIPOLE DB LEVEL";D 
PRINT"DIPOLE UV LEVEL";E 
PRINT'UV PER METER ';F:PRINT:GOTO 205 

260 REM THIS PROGRAM WIL.L LI .. ST VOLTAGE TO DB LEVELSCODB=lMV> 
265 INPUT"MICROVOLTS";E1 
2"70 E=El/1000 
2"75 
28() 

2B5 
290 
29~j 

300 
315 
320 
325 
330 
349 

E2=<l 
LET D=20*LOGCEl/LOG<10) 
PRINT D"DB OR A RATIO OF 
PRINT 
GOTO 265 

R~~ N~ISE FIGURE OF A CASCADE OF IDENTICAL 
I FUT N/F OF OF ONE AMP.-----------•;Ft 
INPUT"NUMBER OF AMPS. IN CASCADE •;N. 
LET FM=10*LOG(N)/LOG(10>+Fl 
PRINT N' AMP, NOISE FIGURE"FM" DB" 
F'RINT:GOTO 300 

AMPLIFIEFiS 

235 REM FIELD INTENSITY WITH <UV & FREQ, ARE KNOWN 
236 PRINT 
240 INF'UT"UV";E 
245 INPUT"MEG,HZ,";H 
250 LET F=,021*E*H 
255 PRINT"UV/M="F:GOTO 235 
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***************************************····~········************ 
* 

r<)· .v: 

c J].~.i\1'1 

3 h:Ft"i 
4 Hr1v, 
5 h E·": 

~ h.E.tv'! 
7 "r ~~· 
K nFM 
') hE:'-1 

CA'I'v P!iOLiilAMS 

bilKO ·'H nASI C 
11'~ UF tV•fV,(;j,y 

PO'! l);v.AC VALLEY 

!'1I TSU•ll ChGSGFT l 
C1c3b4Vi C4000Hl 
HU\JI:OIGCJ co. 

~y JI~ LiKAbFNSTIFCJ 
UP -Di\ IE : F'Ei>h UAl1i: I 'J 7'J 
't,ULI FI rD l'O" i1ALI 0 !;Hr>CJ.\ ThS-60 LEVEL I I BASIC 
ANIIFlAM CAbLE lFLEVISION 
!'Y Lr\-.' ST«OC~<. 

FFcbhUP.HY I'J7'J 

IUCI CL.S: i-'hi\1 
''**"t*·~:f:'!o:***** ~·1::* c p l v **************'~<" 
lOS 
110 
II 5 
120 
125 
130 
135 
140 
l/J" 

200 
ms 
211) 

Phi·\!T 
Phi .'Jl 
?\:I\ T 
Phi"\1 
f)Hl\rl 
Pi<! \JT 
?hi Yl 
I •\iPV1 
00J I 

nE.'V. 

i·~ ~:.vi 

"I l''Il:LD I'Hr•\JSI'1Y \dTH L'b ~ FliFO K'.JOv!:-.J" 
"2 FIFLL I:\TJ:,.,•JSI1't U1i-i UV <;. rrtHJ KNO\•;N" 
"3 ~ICi,QVOL!S TO Dbt>:V COl\iVEhSI0•\1 COU:S..,I'1Vl": 
"4 o.1GI SE FI ciUh~ F'uh I Df.:cJTI CAL A·:'IJP CASCPLE" 
"" SILi('JPL '10 ·\ICJI.SE OF CA'IV SYSTF:-1" 
: ~'U\il 

?hiNT 
PHI NT 
hdNT 
Phi NT 
Ptd 'liT 

"FNTE:H IHF \liJ.V:t•.F,"I FGh THF ?l<GL:ihA"" YOU \dSH TO hUN ";I 

LiGTO 200 , 300 , LJUU 500 (:00 

~DLL• INTH.j!::>IIY (IJV/Y•) V.'i-'E.\l FllJ'Q. g, U; Arli:. K:\)0\v:<J 
Jd~ r Fitr.l\C !- 0 [•b 1 ,v; V 

C\.!::> : r:r~r ~IT 

* 
* 

r I F L L *****" 
215 Phl~1 : PNI~T 

~~~0 I\JPUT "r~'i'I'E.l1 VIPOLi'. LEVF.L D! Dbc"1V C0Lb..,li'-1Vl ";D 
225 ?hi "l1 
230 I.,iPU1 "l'\iTEh TP.E :<'E.A!::>UHE"1r'<JT Fi<EQ IN :VtHl ";H 
235 H<P>!T : Pi, I 'J1 : ?hi I'll 
~LJO Ll·-1 U.., Fill-' CLOL:i ClUJ* D I 20l 
2Ll~ LE1 E .., 1000 * El 
2 50 L r T ~ -., • 0 2 I ~ ~· * H 
255 1-'i·d"T "fGn P. uiPOLr. LtVEL Or'"; D ;"LbMV A1"; H ;"•V!HZ:" 
2-"(l PHI 'lT 
2(:5 Ptii''JT "THF CALCULATED HELD INTE;NSITY IS"; F ;"UV/'1F1Ert" 
<~70 Phi ''T : Prd 'JT : GOSUb ':!00 
272 ~OTCJ 200 

300 h~ ''1 FI FLV I ".!TH~SI TY \.;1-:Fc\J UV " FnE.Gl AhF K~JOwN 

~ji) 5 CL.S : i-'liH1T 
"* * * * * ~· I F L l! I \1 T E. .\I S I 1 't 
310 i-'id Yl : F!(! \JT 
315 I'Jl-'UT "ENTI'H DIPOLE LtVEL l.'J UV 
320 i'hi NT 

P H 0 Ll " A :'1 

";F 

325 I i\iPUT "1-.'\CTFh THE '1l'PSUKFY1h'JT f'i>FO IN MHZ: ";f-t 
330 Phi~'! : l-'niNl : PhiNl 
33 ~ L E 'I !' -., • () 2 1 * F * H 
:;L;Q Pi-<I\''1 "FOci A IJIPOL!-. LloVrL CJfo"; r~ ;"UV AT"; H :"'1HL:" 
3LJ5 i-'r\1 :H 

***'!c*" 

350 Phl:\l "!HE CALCfjLATFU FIH.L> I'J'IE:NS11Y IS"; F' ;"U\.i/"lFTEH" 
355 Phi l\H : ?hi :'a : ciOSUb 'JOO 
3"0 ciOTO 30li 
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~00 hEM THIS PHOGhAM WILL CONVERT VOLTAGE LEVELS TO Db~V LEVFLS 
Ll05 CLS PEI\'JT 
"** V 0 L l A G E T 0 D b M V C 0 N V E h SII 0 N 
410 PRINT : PHIN1 
~15 INPUT "E.NTEH LEVEL IN :'t1ICHOVOLTS "iEl 
420 PRINT : PRINT : PRINT 
42 5 E ., E 1 I 1000 
430 E'2 ., 1 
435 LET L., 20 *LOG <E> I LOG <10) 
L!L!O PHINT E1 ;"MICROVOLTS -= "; D ;"DbMV" 
L!45 PRINT 
450 PH. I NT " wHEN 0 Db IS HFFE.hENCE.D TO 1000 MICROVOLTS" 
455 PRINT 
LJ60 PRINT AbS <D> ;" Db EXPRESSES A RATIO OF "; F2 ":" E. 
465 PRINT : PRINT : GOSUb 900 
470 GOTO 400 

~0 REM NOISE FIGURE OF A CASCADE OF IDENTICAL AMPLIFIERS 
505 CLS : PRINT 

**" 

"** NOISE FIGURE: OF P. CASCADE OF IDENTICAL AM?LIF'IEhS **" 
510 PR'l NT : PRINT 
51 5 INPUT "ENTER THE NOISE r-1 GUHE OF ONE AMP "; F1 
520 PRINT 
525 INPUT "ENTER THE NUMbER Of'' A:-1PS IN CASCADE ";N 
~0 PRINT : PRINT 
535 LET FM-= 10 *LOG <N> I LOG <10) + F1 
540 PRINT "USING AMPS WITH A NOISE r~IGURE OF"; Fl ;"DB" 
545 PHINT 
550 PRINT"A";N;"AMP CASCADE EXHibiTS A NOISE FIGURE OF";FM;"Db" 
555 PRINT : PRINT GOSUb 900 
560 GOTO 500 

600 RE~ SIGNAL/NOISF AND CARRIER/NOISE OF A CATV SYSTEM 
605 CLS : PRINT 
"***** CARRIER/NOISE I SI~NAL/NOISE OF A CATV SYSTEM *****" 

610 PRINT : PRINT 
"ASSU:>lE THE SIGNAL/NOISE OF THE TV STATION \II DEO TO bE 49 DB" 
~15 PRINT 
620 INPUT "ENTE:R THE PRE-AMP INPUT LEVEL IN DBM\1 ";D 
625 INPUT "ENTER THE PRE-AMP NOISE I'IGURE IN DB ";N 
630 GOSUB 800 
635 PRINT : PRINT 
~bS <CN> ;"DB C/N OR"; AbS <SN> ;"DB SIN AT THE PH.E-A"''P OUTPUT" 
SL!O PRINT 
645 
650 
655 
660 

INPUT 
INPUT 
GO SUB 
PRINT 

"ENTER THE PHOCESSOn 
"ENTER THE PROCESSOH 
810 
: PHI NT 

INPUT LE\IEL IN DbMV ";D 
NOISE FIGURE IN DB u;N 

~bS <CN>;"DB C/N OH"; ABS <SNH"Db SIN AT THE PROCESSOR OUTPUT" 
665 PHI NT 
670 I:'IJPUT "ENTER INPUT LEVEL TO THE FIRST AMP IN CASCADE "H 
675 INPUT "ENTER THE NOISE FIGURE FOR THE LINE AMP ";N1 
680 LET CN -= <-59 + Nl> -I : GOSUB b20 
685 LET CQ ~ CN 
690 INPUT "ENTER THE NUMBEH OF AMPS IN CASCADE ";X 
695 CLS .: PRINT "AMP # "•"rtF C/N AMP","VIDEO SIN" PRINT 
700 FOR M -= 1 TO X 
705 LET 1'1 10 * LOG <M> I LOG (,10) 
710 LET CN ~ CQ + F1 
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71 ~ GO.':iUio 230 
720 Fl$-: "###": F2$-= "## • .frlt## 
725 PhltH USI\iJ Fl$; ·"! ;: PriiNT" ",: PRINT USING F2$; AbS <Ci\!); 

:PRii\!T" [:b",: PHINT USING F2$; fl.bS<S'">J>;: Phi:\l'l "r:B" 
730 NEXT M 
735 PRINT : JOSUb ~00 
7LJO GOTO 600 

800 LE.T Sl\1 -LJ9 
810 LrT CN (-59 + [\1) 

820 U"T hS EXP <L0-3 
830 U.T hC r:XP <LOG 
bllO LE1 SN 10 * <LOG 
f<50 HF-TUH·\J 

'JOO co, -: " " 

- D 
<I 0 > * S•\l I 10) 
( 10) * c;\J I I 0) 

(h!:J + hC> I LOG < I 0) ) 

'flO Phl>:\JT "PUSH o:nr, TO CO\l1DJUF USING lHI .':i h<OGhA"J Oh" 
920 INPUT "D3Tfh Al\1 X TO nE.1UH\l 10 Ti-iE" SELECTIGN SChFEoJ ";C:t> 
930 IF CS -= "!," o.:iOTO l r .. LSF hr.1 Uhi\1 
9.1!0 P..JD 

*~********************~***~**************=~***********~********** 

These programs are an example of what 
can be done \·7hen industry and individu­
als start to exchange programs and ideas. 
A few words of caution. Programs should 
lle structured so they can be followed in 
step by step order. Keep them simple. 
Check them for accuracy. Give credit to 
the program's originator. 

One reason I feel that I can give a 
vote to standardizing on the TRS-80 Level 
II or a similar format, I knoVJ the pro­
blems I have encountered with a system 
that has no direct interchangeabilitj. 

If you are starting into a system, 
start simple and have interchangeability 
with someone and be prepared to spend 
many hours. Hicro computers have un­
limited possibilities but it takes tir.te, 
patience, and a lot of hard \vork to make 
them productive. Your knowledge of digi­
tal technology >vill grow with each prob­
lem you solve. 

Any program is or.ly as good as the 
data entered a~laccuracy of the program 
itself. Another thing you '<liil find is 
you will never be satisfie<l with a pro­
gram and you Hill T;;ant something changed. 
I find this in my own programs or one I 
obtain from other sources. 
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I would like to thank LeH Strock for the 
time and effort he put into coverting the 
"Mit" programs into Level 11 Basic and Bob 
Luff in cross checking the tapes. 

The program on page G is an example 
of naterial from industry. These programs 
are very handy to have at your finger tips 
like any other reference material. If you 
had to design programs of this caliber 
each time you needed them, your time 
would Le spent programing anO: not \·lOrking 
A good exchange of programs is needed and 
Ray Daly is working towards this goal. 

I am in favor of such exchanges and will 
back any other efforts to the best of my 
ability. Hany such high quality programs 
\•lritten in basic for larger systems are 
available. These programs are very easi­
ly adapted to micro computer systems. It 
is my hope we can excourage you, who have 
materials, to share them >·lith the Cl>.TV 
industry. 

References: 
"Tedmical Handbook for CATV" 3 Addition 
l'larch 68 

Ken Simmons 
"Programming 1:1 i th Basic" 

Dyron S. Gottfried 
"Introduction to Computing A Basic 
Approach" 

Richard E. Esposito 



Another test that was made a program 
was obtained from Hughs Microwave. Thanks· 
to Abe Sonnenschein and Norman Woods. This 
program was written for a Wang Computer 
and was formatted by Lew Strock for the 
TRS-80 Level II. 

100 REM THIS PROuRAM WILL COMPUTE DISTANCE AND AZIMUTH 
110 REM ulVEN LONulTUDE AND LATITUDE OF TWO POINTS 
120 REM FORMAT'l"ED FOR TRS - 80 16K LEVEL I I 
130 REM LEW STROCK - ANTI~TA~ CAbLE TELEVISION 
140 REM HAuERSTOWN~ MARYLAND 
150 REM UPDATE : FORMAT AND DISPLAY 02124179 
160 REM ADAPTED FROM A PROuRAM IN WANG BASIC FROM USED MICROWAVE 
170 REM DIMENSION STRINuS AND DEFINE DOUBLE PRECISION 
180 DIM A$ (100>~ b$ <100> 
190 DEFDBL A-L 
200 REM CLEAR SCREEN AND uET XMTR SITE NAME AND LOCATION 
210 CLStPRINT TAB<15>"D I STANCE I A Z I M U T H":PRINT 
:?20 INPUT "TRANSMITTER LOCATION ";A$ 
230 kl-:M CONVERT DEuREES-Ml NUTES-SECONDS TO ONE NUMbER 
240 INPUT "THANSMITTER LATITUDE - D.M~S ";o.M~S 
250 L 1 ~ D + < M + ( 5160 > > I 60 
2~0 INPUT "TH.ANSMITTEfi LONuiTUDE - D~M•S ";D.M.S 
270 L2 ~ D + < M + <5160>> I 60 
280 REM uET RCVk SITE NAME AND LOCATION 
290 PHI NT 
300 INPUT "RECEIVER LOCATION "H:s$ 
310 INPUT "RECEIVER LATITUDE - D•M• S "; D·l"h S 
320 L3 ~ D + < M + <5160>> I 60 
330 INPUT "RECEIVER LONulTUDE- D•M•S ";D~M~S 
340 L4 ~ D + < M + <5160>> I 60 
3~0 REM FIND ANuLES A - b - C AND CONVERT TO RADIANS 
360 A L2 - LA A~ A * ·017453292~ 
370 b ~ 90 - L1 b b * ·0174532925 
380 C ~ 90 - L3 C ~ C * .0174532925 
390 R~M COMPUTE DISTANCE AND AZIMUTH USINu THlu 
400 e ~ COS<&> * COS<C> + SIN<&> * SIN<C> * COS<A> 
410 F ATN <SQR <AbS <1-EC2>> IE> 
420 u <COS<C> - COS<F> * COS<B>> I <SIN<F> * SIN<&>> 
430 H ~ ATN <SQR CAbS (1-uC2>> I u> 
440 tiE.M CONVEHT H BACK 10 DeREES 
450 H ~ H * 57.2957795785523 
460 IF H > ~ 0 THEN 490 
470 H ~ H + 180 
480 REM CONVEHT F bACK TO DEuHEES 
490 F ~ F * ~7.2957795785523 
500 hEM li"l ND DISTANCE bY KNOwN Dl ~TANCE SCALE OF CO-ORD 
510 I ., F * ~9 ·05 
520 J ~ Sl N<A> 
530 HEM CONVERT J bACK TO D~~hEES 
540 J ~ J * ~7-2957795785523 
550 HEM IJISPLAY HE~ULTS OF· CCJMPUTAliONS 
560 PHINT : PRINT A$ ;" TO "; &$ : PkiNT 
570 PRINT "DISTANCE-="; USINli "llilllollll" ; I ;: PiilNT" MILES"; 
580 IF J > 0 THEN 600 
590 11 ~ 360 - H 
600 PhlNT " "; 
510 PHINT "AZIMU1H .., ";USINd "ll#ll.illl"; H ;: P.hlNT" DEuREES" 
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THE FIGURE OF MERIT APPROACH TO SIZING LARGE DOMSATS 

JERRY ARMES 

SPECTRUM ANALYSIS AND FREQUENCY ENGINEERING 

ABSTRACT 
A classical problem for the large domestic 

satellite system planner is the overall mix 
of types of earth stations that can be utilized 
in the 4 and 6 GHz bands. Because of over­
lapping frequency bands with the common carrier 
terrestrial microwave plant, earth station place­
ment can be extremely difficult. Thus, the 
planner is faced with major cost unknowns in 
deciding how many earth stations will colocate 
next to existing facilities and how many will 
need to be placed at a remote location and 
linked to existing facilities via terrestrial 
microwave and/or cable. 

An attempt to analyze each site on an in­
dividual basis results in a large computer 
printout of each site with multiple potential 
great circle interference cases and beam inter­
sections. Thus, for a large number of earth 
station locations, the sheer volume of data 
becomes overwhelming. 

Spectrum Analysis and Frequency Engineering 
(SAFE) has defined and successfully used a 
Figure-of-Merit to solve this problem. This 
paper is an in-depth discussion of the Figure­
of-Merit approach. 

INTRODUCTION 

The sharing of the 4 and 6 GHz common 
carrier frequency bands between terrestrial 
microwave and satellite earth station fa­
cilities dictates a degree of coordination 
and caution in selecting sites and installing 
new equipment of either type. And while the 
current degree of controversy exists regarding 
the coordination of receive-only satellite 
earth stations, the potential for interference 
of one system into the other cannot be denied. 
The controversy then centers only upon what 
legal procedural steps will be taken as part 
of the coordination process. 

To assist potential satellite earth station 
or terrestrial microwave users to find and co­
ordinate equipment sites is one of the charters 
of the frequency coordination firms. Their 
standard approach is to maintain a data base 
of existing and planned facilities. Upon 
definition of a potential site using latitude 
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and longitude, this data base can be "culled" 
or scanned to identify all systems operating 
or planned within a coordination contour sur­
rounding the potential new site. In each 
case, the degree of direct or "great circle" 
and "precipitation scatter" interference 
levels among the systems thus identified 
is calculated and shown on a tabular list­
ing. By comparing these calculated inter­
ference levels to a set of interference 
objectives, the degree of shielding or other 
loss-required is identified, which will 
allow transmissions from each surrounding 
facility to allow the new installation to 
operate with the assurance that interference 
will be below acceptable levels. 

In the course of this analysis, it is 
not uncommon to generate a computer printout 
fifty pages thick for each potential site. 

The planner of a domestic satellite 
system will often represent an organization 
which (1) has numerous existing facilities, 
perhaps many hundreds or thousands, to which 
information is to be relayed via satellite, 
(2) requires the most accurate information 
regarding cost which can be obtained re­
garding satellite communication hardware 
to assess the economic viability of the 
project with respect to the particular 
circumstances, and (3) requires meaningful 
ways to "break out" those blocks of the 
proposed system which can be done on an 
incremental basis to reduce the overall 
program risk. 

In order for the planner to assess 
fifty pages of printout for each proposed 
site, and alternate sites for those with 
excessive interference levels, for several 
hundred or several thousand sites, and pro­
duce meaningful summary information to higher 
management in a reasonable amount of time 
would be almost impossible using standard 
coordination procedures. 

To solve the problem, Spectrum Analysis 
and Frequency Engineering (SAFE), a business 
area of Rockwell International Incorporated, 
developed a Figure-of-Merit (FOM) which 
would allow the analysis of each potential 
earth station site to be distilled into a 
single number for the initial planning stages 
of a domestic satellite program. Thus the 
planner could then be given one of four 
categories representing the range of the FOM. 



By being able to quickly identify which of the 
existing properties were useable, a quantity of 
"rubber stamp" sites could be identified as the 
logical first phase of a program. Scheduling 
and cost analysis of these sites then follows 
easily. The other three categories produce 
similar planning guidelines. 

In this paper, the Figure-of-Merit ap­
proach is discussed, and the application to 
the now operational Public Broadcasting System 
Satellite Interconnect System and the proposed 
National Public Radio and Holiday Inn Systems 
are reviewed. 
THE FIGURE OF MERIT 

Two basic definitions are required to 
build the basis for understanding of the 
Figure-of-Merit approach, namely (l) great 
circle interference, and (2) precipitation 
scatter interference. 

Great circle interference occurs when an 
interference signal propagates over the sur­
face of the earth or via direct line of sight 
paths into the main beam or sidelobe of the 
antenna of a receiving station. 

Precipitation scatter interference occurs 
when (l) the main beams of two stations inter­
sect, and (2) particle matter such as rain 
or snow in the common volume of the beam in­
tersection causes a transmission from one to 
reflect into the receiving antenna of the 
other. 

For the analysis of a given site, the 
geodetic coordinates (latitude and longitude) 
of a desired earth station site are input to 
the computer. A computer cull of the data 
base identifies those terrestrial facilities 
within a pre-determined "coordination contour" 
Interference objectives are input to the 
computer. Interference levels at each re­
ceiver are made by the computer and compared 
to the interference objectives. The dif­
ference represents a "loss-required" that 
will necessarily be derived from terrain 
features, buildings, or other shielding. 

The computer calculates a loss-required 
between the proposed earth station site and 
every surrounding terrestrial facility, for 
each great circle case, and a precipitation 
scatter loss-required or margin, for each beam 
intersection. When one considers the nature 
of the precipitation scatter interference, 
it becomes apparent that, with the exception 
of waveguide loss in the receiving station, 
there is no way to shield against it. 

From the preceding discussion then, it be­
comes apparent that the desirability of a pro­
posed earth station site becomes a function of 
three variables predominately; (l) the number 
of great circle interference cases, (2) the 
amount of loss-required on the great circle 
cases, and (3) the number of precipitation 
scatter interference cases which have negative 
margins, or exceed the predetermined inter­
ference objectives. 
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In order to consolidate the great circle 
cases, the first key assumption is that 
azimuth is not normally a crucial factor. 
The horizon gain of an antenna normally varies 
from +5 db on the azimuth of the main lobe to 
-10 db at the side or back of the antenna. 
Thus over a 360 degree azimuth range, the 
earth station discrimination range is at 
least 15 db. However, 15 db of shielding 
can often be obtained by judicious earth 
station placement or the use of small shrubs 
or trees for shielding a critical azimuth. 

By treating all great circle cases as 
differing only by the amount of loss-required, 
and ignoring their azimuth around the planned 
earth station location, a histogram can be 
constructed which relates great circle loss­
required to frequency of occurrence. A 
sampling of that histogram at three percen­
tile points then provides a representative 
assessment of the amount of great circle 
interference seen by the planned earth 
station location. 

Subsequently, the Figure-of-Merit is 
defined as follows: 

FOM = a1 x1 + a2 x2 + a3 x3 + b Y 
The X values represent the great circle 

loss-required values at the samples taken 
at three percentile points on the histogram. 
The Y value represents the number of negative 
margin precipitation scatter cases, and the 
a and b coefficients are based on empirical 
data from hundreds of earth station sites 
coordinated by SAFE in previous years. 

In order to make the FOM usable, four 
categories have been defined as follows: 

RANGE 

filM< 150 

300 < FOM _,;; SOD 

filM >SOD 

CATEGORY 

OK 

INSPECT 

MEASURE 

MOVE 

MEANING 

Site has at most one critical 
potential interference sOurce which 
could be blocked by existing buildings 
or the dddition of trees or shrubs. 

Site has two or three critical potential 
interference sources, and le11els are 
such that a re11iew of terrain maps 
sf1ould be made to assess the amount 
of terrain shielding before declaring 
the sHe OK. 

Site has enough potential interference 
that on-site Radio Frequency Inter­
ference (RFI) measurements will be 
required. 

Site has unacceptable levels of 
interference, and another site 
should be selected. 

Previous use of the Figure-of-Merit 
established it as a conservative model 
which correctly identified OK sites with a 
95% or better confidence level. For example, 
on the Public Broadcasting Satellite Inter­
connect System, the FOM analysis on the 
initial 133 sites was correct on the OK 
sites 96.15% of the time. Two-thirds of 
the INSPECT sites examined were ultimately 
determined to be OK. Of the MEASURE sites, 
80.77% were ultimately determined OK, but 
only 26.67% of the sites categorized as 
MOVE sites were finally established to be 
OK sites. Thus, the summary of Figure l 
provides good validation for the overall 
approach. 



FIGURE 1 
PBS PROGRAM FOM VALIDATION 

CATEGORY PREDICTIONS NUMBER COLLOCATED (OK) PERCENTAGES 

OK 26 25 

INSPECT 51 34 

MEASURE 26 21 

MOVE .12 ~ 

TOTALS 133 88 

Similar results were obtained for the 
National Public Radio Satellite System, 
which as of this writing, has been fully 
coordinated, but has not yet been con­
structed. These results are given in 
Figure 2. 

FIGURE 2 
NPR PROGRAM FOM VALIDATION 

96.15 

66.67 

80.77 

66.17 

CATEGORY PREDICTIONS NUMBER COLLOCATED (OK) PERCENTAGES 

OK 57 55 96.49 

INSPECT 60 50 83.33 

MEASURE 30 17 56.67 

MOVE J2 _1 ~ 

TOTALS 164 124 75.61 

THE PROPOSED HOLIDAY INN SATELLITE SYSTEM 
The most recent application of the FOM to 

a proposed large domestic satellite system was 
for that proposed by Holiday Inn for movie 
distribution to potentially 1533 inn locations 
in the U.S. Those locations are scattered 
over the entire U.S. as seen in Figure 3, 
and as such, the entire range of inter­
ference environments throughout the country 
will be encountered. 

" 

FIGURE 3 

PROSPECTIVE HOLIDAY INN 
SATELLITE EARTH TERMINAL LOCATIONS 
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Since the proposed earth stations were to be 
used for video traffic, and were consequently 
wideband installations, SAFE counseled against 
attempting to make each earth station a 
transmit site in the 6 GHz band due to the 

r 

! 
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heavy terrestrial environment depicted in 
Figure 4. Thus the FOM study was done to 
determine what proportion of the 1533 sites 
would work acceptably as receive-only sites 
in the 4 GHz band as depicted in Figure 5. 
The results of that study are given in the 
histogram of Figure 6. 

CONCLUSIOJI1S 

FIGURE 4 
UNITED STATES ROUTE MAP - I GHZ 

·- -"-
FIGURE 5 

UNITED STATES ROUTE MAP- 4 GHZ 

FIGURE 6 
HOLIDAY INN 

FIGURE OF MERIT SUMMARY 
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The Figure-oi'-lllerit approach to S1.Z1.IJG do~estic 

satellite systems has been valiciatefl. by h;o 
larce system applications and used in the 
_plan.lling stages of a third. As a tool for risk 
reduction, and "breakdo,rn" of the planning of a 
large s,ysten suc1.1 that lozi.cal \)roc;ra:-7' se;;nent.s 
e.re adcl.resed seperately, far narc accurate cost 
and schedule information can be derived than 
·Hou.lt1 >Jthenrise be possible. The OK sites can 
be esta:-,lished as a Phase I 1-Therein the hard1·rare 
will be essentially the sa'Jie, and little site pre­
paratioJ~ c::>sts related to shielding ~rill be in.­
curre"l. '."':,e INSPECT and !J!El:S\JRE sites uill 
require su1)sta.ntially more engineering to deter\· 
mine ultimate outcome,but tbe percentage figures 
o:f. Figures I and 2 provide so:ne Gener.-al ,;uide­
lines. And finall,y, the ;.rov"" sites re0resent in 
~~,:eneral, r·.e~·,. l~)~'Yl. e.c~yisition o;::· nse o:f l_ancl other 
than that or=:in2.lJ.:.' :::clanned. In !1'.an,y cases, 
these sites '::ill require a terrestrial '."licrm·mve 
link back to the ori(inal sHe. 

Theauth~Shes to thank :rr. Conley Saltz of 
Holiday Inn, Inc. and IIr. G.P. l'arr, (',eneral 
Eanager of Sl'J"E, for a substantial degree of 
assistance and insight in support of this paper. 



THI' MEASURE AND PERCEPTIBILITY 
OF COMPOSITE TRIPLE BEAT 

Dan Pike 

Communications Properties, Inc. 
Austin, Texas 

ABSTRACT 

This paper describes the result of a study 
done under field conditions as to the mea­
sure and perceptibility of composite tri­
ple beat. Two interesting conclusions 
are drawn: (1) the threshold of percepti­
bility under field conditions particularly 
with regard to Pay Television signals and 
their contents occurs at a ratio of 57 db 
carrier to composite triple beat; (2) mea­
surements of the composite triple beat 
near system generated thermal noise, such 
as those conducted on the trunk lines, re­
quire special consideration and techniques 
to insure their accuracy. 

THE PERCEPTIBILITY OF THE BEAT 

Existing work by Arnold and others has es­
tablished the threshold of the visibility 
of the composite triple beat to be at/or 
near 54 db. This can be repeated under 
the conditions described by the various 
authors. It is also widely recognized 
that with any channel loading above 25 the 
composite triple beat becomes the predomi­
nant distortion to be recognized. Pay tel­
evision has brought a much heavier channel 
loading to many systems previously not bur­
dened by the composite triple beat buildup 
that full loading would otherwise generate, 
and perhaps more interestingly the program 
content of the pay television signal (or 
signals) is of a type that does not carry 
as high an average picture level as broad­
cast television. Broadcast television is 
often thought to carry an average picture 
level in the SO% or higher range while the 
movies that make up the bulk of pay tele­
vision program material are thought to 
have an average picture level of something 
near 40%. 

In addition, the propensity of the subscrib­
er to judge the quality of the pay televi­
sion channel very harshly is increased be­
cause it is one for which he pays a good 
deal more money than the other channels 
carried on the system. 
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For these reasons it especially is impor­
tant to minimize the perceptibility of the 
composite triple beat of these premium 
channels. The beat is composed, as has 
been recorded by the other work referenced, 
of many discrete carriers that when added 
together closely approximate a burst of 
random noise centered within 30 KHz of the 
carrier frequency. The beats manifest 
themselves on a television receiver screen 
as striations of a duration up to one or 
more horizontal lines occurring on a ran­
dom basis. On any fairly broadband detec­
tor (approximating a television set), they 
can be observed to be momentary pulsations 
that appear above thermal noise by some 4 
to 6 db (depending on the cascade depth 
and noise buildup). Of course this is the 
property which makes them visible above 
thermal noise on the television sets. 

The traditional manner of measure in order 
to exclude other distortions is to observe 
a 30 KHz slot whose center is the carrier 
frequency, with heavy filtering in order 
to determine the approximate RMS value of 
the buildup, referenced to the carrier am­
plitude. It is in this measurement 
described that 54 db or greater is the 
necessary separation from carrier reference 
for the beats not to be perceptible. These 
conditions however, were determined with a 
carrier modulated to 87.5% with a video sig­
nal essentially noise free, such as a color 
bar generator or other test pattern. Under 
the condition in which the modulation depth 
is only 40% the apparent ratio of signal 
to interference to the display device is 
reduced by approximately 3 db. The percep­
tibility for these channels occurs at -57db. 

Perceptibility is difficult to gauge and 
establish, but using the same trained ob­
servers, there has been correlation in five 
separate tests with five types of equipment 
for generation and measurement on five types 
of amplifier equipment that this effect can 
be emperically observed, and that the thres­
hold of perceptibility for composite triple 
beat under conditions such as on a pay tele­
vision signals of 40 to 35% modulation is 
57 db. This depth modulation was chosen to 
approximate the level of grey scale infor-



matlon most observed for significant por­
tions of the programming. 

It is widely recognized that the CW tests 
are more harsh than the real world signal 
carriage conditions would bring about. It 
is also realized that the design to the 
threshold of the perceptibility arrived in 
this fashion leaves some headroom for op­
erational variance, of the same order as to 
design for the threshold of perceptibility 
of synchronous cross modulation. For pay 
television work this design figure should 
be 57 db in order for the pay signals at 
their lower depth modulation not to be im­
paired by the effects of composite triple 
beat. 

MEASUREMENT 

It is quite important in many cases to mea­
sure the composite triple beat buildup on 
the trunk line in order that judgements 
may be made about equipment performance; 
also, judgements may be made on the basis 
of these measurements about the extension 
of the trunk line; and also trouble shoot­
ing techniques are often applied where com­
posite triple beat is measured at various 
points on the trunk line. It is character­
istic of present day amplifiers for the 
composite triple beat generated at any ap­
preciable cascade depths to be at a level 
hardly discernable above thermal noise un­
der the conditions of its measure. 

It is recognized and is published in the 
various literature associated with measure­
ment techniques of this nature that measure­
ments near noise may be subject to a correc­
tion factor. It is important to note here 
that the thermal noise generated by the sys­
tem may lie 10 to 15 db above the noise 
floor of the spectrum analyzer where other 
uncertainties do exist. There is a correc­
tion factor often applied which was genera­
ted both empirically and supported by some 
analytical work by a manufacturer of test 
instrumentation. This work assumes that 
composite triple beat will closely approx­
imate a CW source. Empirical observations 
will show, however, that composite triple 
beat will closely approximate a random 
noise source, and will add as two power 
sources on a power basis. Measurements 
made near noise are subject to the correc­
tion factor shown in Table I and it is ob­
tained analytically from a 10 log power 
addition where the resultant display is 
the sum of the noise floor and the distor­
tion signal. Also given in the table are 
the various empirical observations that 
lend credence to the validity of the assump­
tions. The test arrangement is shown in 
Figure 1. The data in the table have been 
observed to hold for three types of spectrum 
analyzers in common usage in our industry. 
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Again, the correction is only applicable 
in cases where the trunk thermal noise is 
the limiting factor and the beat near the 
noise must be measured. In the feeder 
lines, the level of the beat is signifi­
cantly above the noise and the necessary 
correction is negligible. 

CONCLUSIONS 

Threshold of perceptibility for the typi­
cal program content carried on a premium 
television signal should be thought of to 
be 57 db, and is different than the 54 db 
established in previous observations for 
test signals (of high luminous and chrom­
inance content) modulated at 87%. Given 
that pay television signals are subject 
to closer scrutiny and more harsh judge­
ment by the subscribers and that the cur­
rent prices of a db of distribution level 
is thought to be at or near $50.00 per 
system mile for most designs today, the 
increase in the composite triple beat 
specification to 57 db for a system that 
is intended realistically to operate under 
a 35 channel loading condition should be 
considered and compared to the cost of 
service calls that may otherwise be gener­
ated. 

In order to measure the composite triple 
beat generated by the trunk near the ther­
mal noise generated by the trunk, an ap­
propriate correction factor must be used 
for the combination of the two sources 
and their resultant within the instrumen­
tation to be accounted for. 

ACKNOWLEDGEMENTS 

Analytical and emperical data were con­
tributed by Joe Preschutti, of C-Cor; 
emperical data was also generated and 
contributed by R. A. Kreiger of Jerrold, 
and Tom Polis of Magnavox. 

REFERENCES 

Arnold, Bert, "Composite Triple Beat Mea­
surements", RCA Community Television 
Systems, 1975. 

Arnold, Bert, "Required System Triple 
Beat Performance", RCA Community Tele­
vision Systems, 1973. 

Hood, J. M., "Design Considerations for 
Composite Triple Beat", IEEE Transac­
tions on Cable Television, Vol. 2, 
No. 1, January, 1977. 

Hewlett-Packard Application Note 150-11, 
Spectrum Analysis - Distortion Measure­
ment. October 1976. 



REFERENCES (continued) 

Hewlett-Packard Application Note 150-8, 
Spectrum Analysis - Accuracy Improve­
ment. March 1976. 

Hewlett-Packard Cable Television System 
Measurement Handbook. January 1977. 

Thomas, Jeff, Hewlett-Packard, Private 
conversation. October 1978. 

TABLE I 

EXPECTED & MEASURED CORRECTION 

FACTORS FOR CTB MEASUREMENTS 

Correction Factor, db 
Spectrum Analyzer Display; 

db Above Thermal Noise 
Measured Measured 

1 

2 

3 

4 

5 

6 

Procedure: 

Cascade 
Under Test 

(3) 
Source 

Expected(lO 

6.8 

4.3 

3.0 

2.2 

1.6 

1.2 

log) Measured,CW 

3.5 

2.5 

1.5 

1.0 

0.5 

FIGURE 1 ------

Measured,CTB 

6 

5 

3 

2.5 

1 

1 

Random Noise R. A. 

6 

4 

3 

2 

1.5 

1 

Spectrum 
Analyzer (2 

Kreiger 

6 

5 

3.9 

3 

2.3 

1.7 

Attenuator 1 was adjusted for a system noise floor ~ 15 db above the noise floor 
of the spectrum analyzer (and about 60 db lower than standard signal level). The 
level of the source was varied from 20 db above the noise to that point at which 
the signal could not be discerned on the analyzer display. The difference between 
the calibrated attenuator and the reading of the display was recorded as the cor­
rection factor. 

(1) Laboratory quality attenuator 

(2) calibrated to manufacturer's specifications. Controls were adjusted for 
typical CTB measurement; 30 KHZ IF with noise averaging filters in. 

(3) One of the three: 
l) 
2) 

3) 

Random noise 
CW signal 
CTB signal generated from a distribution amplifier, 
(but without components outside 30 KHZ from carrier 
frequency). 
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"WHEN ALL ELSE FAILS, DO IT YOURSELF" 

GLENN CHAMBERS 

AMERICAN TELEVISION AND CO~~NICATIONS CORPORATION 

An update on what one company is doing to further 
the education of their technical employees. 
Covers the types of training and material used, 
as well as providing a look at future plans. 

Last year at the NCTA Convention in New Orleans, 
we discussed some of the problems associated with 
finding qualified technical personnel. It seemed 
that everyone had the same problem, but no one 
was too sure what the answers were. 

A year later, the problem still exists. It may 
even be a little worse, due to the massive con­
struction boom that is now underway. However, at 
least a few of the operating companies feel that 
they are starting to move in the right direction. 
For this paper, I interviewed many people from 
several companies to get their input, and to find 
out what they were doing. Most of all, I wanted 
to find out if there really were any solutions to 
the technician shortage. 

A.T.C., and at least three other MSO's, feel that 
they are finally moving in the right direction. 
Of course, being deeply involved in ATC's effort, 
I am confident that our way will work. Our 
theory has become the subject of this talk. "WHEN 
ALL ELSE FAILS, DO IT YOURSELF." 

I would like to discuss some of the things that 
we are doing, or are planning to do very soon. 

1.) Active recrL1t1ng. This primarily 
encompasses advertising in all the trade 
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publications, plus asking our field 
personnel to pass along any information 
they may receive about potential employ­
ees. We are also making an effort to 
recruit recent graduates from technical 
colleges and trade schools. We are 
doing a small amount of hiring through 
personnel recruiting agencies also. So 
far, recruiting efforts by our field 
personnel have been the most successful 
in obtaining good people. 

One thing we do not do, and hopefully 
never will, is pirating employees from 
other companies. We have found that if 
you hire someone away from another 
company with more money or a high title, 
it won't be long until someone hires him 
away from you. We must receive an app­
lication or a resume from a prospective 
employee or we will not even interview 
him. We also look very hard at his 
reasons for leaving his last company, 
how long he has worked for each company 
in the past and we ask him directly why 
he feels he would like to work for ATC. 

2.) Higher wages, I think that this one area 
that has needed revision for a long time. 
I won't go into details, but I can 
safely say that technical salaries have 
increased by a significant amount. It's 
a seller's market right now and we are 
the buyers. Our top people today are 
getting salaries that were unheard of 
just a very few years ago. But, if you 
don't pay decent salaries, a good tech­
nician can go a few miles down the r0~d 
and find another job, usually at a 
better salary. 

3.) Benefits. Neither ATC, nor any other 
company that I've contacted, have sig­
nificantly changed their basic employee 
benefits in the last year. In most of 
the companies, benefits offered are the 
same package as all other companies 
offer. We don't feel that benefits play 
an important part as long as you have 
the basic health, vacation, sick days, 
etc. 

4.) Education. This is an area that has 
been and still is playing a major part 
in our present future rlans. We have 



done research into education for the 
last three years and have finally come 
up 1vith a package that we feel will take 
care of 90% of our needs for years to 
come. I'd like to give you a little 
background on our previous educational 
efforts prior to getting into our pre­
sent operation. 

ATC has been an advocate of education and training 
for a number of years. An educational assistance 
policy was established to help pay for the costs. 
The pol icy was: reimbursement of 50% of the costs 
of any job-related course within 6 months after 
course completion and the final 50% after another 
6 months. The time delay was intended to induce 
employees to stay with the company for at least 
one year after completing a course. If they didn't 
stay, they did not get full reimbursement. Need­
less to say, some of them stayed and some didn't. 
About the same percentage stayed whether they had 
schooling or not. The delayed reimbursement had 
the undesired effect of diminishing the numbers of 
people who took expensive courses. They couldn't 
afford to pay all the costs and then not get their 
money back for a year or two. This policy was 
revised and updated within the last year to our 
present policy. 

Our present policy is: You select the job-related 
course and we buy it. 50% of the cost will be 
divided hy the number of pay periods in one year. 
Let me give you an example: A course is bought 
which costs us $800.00. We pay the $800.00 and 
then take 50% of that amount ($400.00) and divide 
it by the number of pay periods per year, usually 
26, which gives us $15.38. Then, $15.38 is deduc­
ted from each of the employee's pay checks until 
he either completes the course (with a passing 
grade) or until $400.00 is paid off. When the 
employee passes the course, deductions stop immed­
iately. All money paid in by the employee is then 
refunded to him after six months. Since this 
policy has been in effect, the numbers of employ­
ees enrolled in courses has increased by almost 
50%. 

Since we still didn't feel that this was the total 
answer, we continued looking into other ways to 
improve the overall education of our employees. 

The next step taken was the establishment of an 
installer school in one of our Florida systems. 
Why f'lorida? We had facilities available, with 
minor ($18,000) expenditures for material, and the 
Regional Engineer was an excellent teacher. We 
\vrote all our own material, did all the drawings, 
made slides, etc., etc., 

The first class, starting March 26, 1979, consisted 
of 12 recently hired people and 14 installation 
supervisors. None of the new hires had any climb­
ing or cable experience. The supervisors were 
included so th::tt they would be aware of what we 
were teaching and how installs were to be done. 
have a quantity of copies of the outlines of this 
course with me. If you are interested, I'll give 
you a copy when are through here. 
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This first series of classes consisted of two 
weeks per class, with from 16 to 20 employees in 
each class. When the employees left class and re­
turned to their systems, they were fully qualified 
installers. Even those who had never climbed a 
pole or seen a cable drop co~ld go out and make 
installs with the rest of the crews. Production 
was not quite up to that of the experienced 
people, about 75-80%, but the work they do is as 
good (or better in many cases) than that of the 
people who had just been trained "on the job." 

We feel that this training program is an unqualif­
ied success. It is expensive, but we feel that it 
is money well spent. One reason for the expense 
is that we fly our people into Florida, pay their 
room and board and salary. If you exclude these 
costs, you are only taking about a cost of $180. 
to $200. per student/per class. It would cost you 
that much to recruit an experienced installer, and 
his salary would be quite a bit higher than we pay 
our trainees to start. 

We still don't feel that this is all we want to do 
in education. We have now created a Department of 
Technical Training within ATC with a full time 
manager, instructors and clerical staff. Some of 
the things we are doing, or plan to do in the near 
future are as follows: 

a. Create specialized classes so that each 
one of our technical people can attend at 
least two weeks of classes per year. The 
techs will be able to choose the topics 
which are of greatest interest to them. 
Some topics which we are now looking into 
are: 

1. Repair, alignment and maintenance of 
headend equipment. 

2. Microwave theory and practise. 
3. System Design. 
4. Alphanumeric theory, repair and 

maintenance. 
5. Video waveforms. Theory and practical 

application. 
6. Data transmission via cable systems. 

And many more. 

b. Prepare training guides for use by our 
field personnel for in-system training. 

c. Prepare training taps in basic electron­
ics for use by our field personnel. 

d. Compile a book on CATV Engineering. 

e. Write correspondence courses for in-house 
home study. These will be issued at no 
cost to qualified employees who request 
them. We presently plan six courses, 
ranging from basic CATV theory through 
advanced CATV engineering. 

f. Continue the field seminars. We presently 
conduct one 3 day seminar per month/per 
region. Since we have 11 regions, this 



allows us to go to the field and talk to 
the technicians in each region once each 
year. We also have all our regional and 
large system engineers come to Denver 
once each year for a high level engineer­
ing seminar. 

f. Train Construction Linemen for our own 
construction crews. 

This probably sounds like a very ambitious and 
costly undertaking. You are right - it definitely 
is, on both counts. However, ATC management is 
not noted for going off on wild-eyed schemes 
unless they are sure that the schemes wi 11 work 
and wi 11 pay off-:-we are sure on this. 

If for some reason it should not work out after 
all the time and money we've put into it, at least 
we had guts enough to try and we care enough about 
our employees to want to help them. ll'e tried to 
do it ourselves. 

One last thing - if it doesn't work out, I'd like 
to have all your names and addresses so I can send 
out my resume quickly. I'm sure I'll need another 
job in a hurry. 

Thank you. 
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