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A BROADBAND NETWORK STATUS MONITORING SYSTEM USING MULTIPLE PROCESSORS

Jim B. VanKoughnet

MANITOBA TELEPHONE SYSTEM

ABSTRACT

A hardware and software system capable of
monitoring up to ten Cable TV networks is
discussed. The use of multiple processors in
combination with a real time multi-tasking
operating system allows rtapid detection and
analysis of network faults., In addition to the
reporting of catastrophic failures, amplifier
alarm and analog data converted to digital are
obtained and placed into a memory resident
database during normal polling. Monitoring a
Cable TV trunk presents a unique challenge due
to the fact that the facility itself is used to
carry monitoring communication. During partial
network failures, reliable monitoring communica-
tion may not be possible. This system provides
failsafe measures to minimize uncertainty during
failure conditions. A communication problem is
not allowed to affect all stations in the system
because of the separate hardware ports and
sof tware tasks that accomodate each trunk,

INTRODUCTION

Manitoba Telephone System (MTS) has four
Intercity Broadband Network (ICBN) trunks in
place which facilitate the transmission of CATV,
broadcast, and teleconference services between
some of the major centres within Manitoba.
Service areas are widely separated, both in
terms of travelling distance and the number of
active components. Status monitoring has
therefore been essential in order to achieve
acceptable availability.

The addressing capability of the original
status monitoring system installed by Manitoba
Telephone System was limited to 255 stations.
The ICBN expanded and the small expansion
capability was quickly lost. This was one of
the limitations which prompted MTS to consider
up-grading the central computer system while
utilizing the existing transponders which were
supplied with the Century III amplifier stations,
Other limitations were that the system was single
tasking, could only support one user terminal,
and did not provide flexible alarm point usage.

Mani toba Telephone System issued a
specification for a new status monitoring
computer system and interface. The Dbasic
concept of the new system was to provide
separate interfaces to each trunk (up to 10) and
use these to communicate with a master
computer, Quotations were received for two
general design strategies. One was that the
trunk interfaces would connect to a minicomputer
via RS232C interfaces. The second design was
that of a micro computer system that avoided the
serial interface by including all interfaces in
one custom system. This design was proposed by
a Canadian computer supplier and accepted by MTS
because of the inherent cost savings.

The system described in this paper is now
operational with the exception of some software
enhancements. The focus of this paper will be
to identify and describe the key features of
this system, especially with respect to large
capacity operation, while avoiding a complete
feature by feature description.

SYSTEM OVERVIEW

Maintainability of CATV trunks can be
greatly enhanced by providing a central status
monitor. A reasonable framework of requirements
for a status monitor can be developed from the
following functions:

1) Minimize length of time required to locate
the cause of catastrophic failures.

2) Continuously monitor key performance
indicators such as pilot levels.

3) Provide early warning of possible failures
so that corrective action can be taken,

The ability of the system to locate the
extent of catastrophic failures 1is vitally
important, but ironically is usually the least
frequently used feature of a status monitoring
system. A key feature of the MIS broadband
network status monitoring system is its ability
to pre-process the alarm conditions that result
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when there is an outage. The desired output to
the user specifies a synopsis in compressed form
which will indicate possible failure causes
whenever practical.

Communication to and from the amplifier
stations is facilitated by data modulation of a
forward trunk carrier and a keyed reverse trunk
carrier., The data format for this system is a
300 bit/second Kansas City FSK standard which
equates 1200 Hz to a binary 0 and 2400 Hz to a
binary 1. The information sent from the
computer to the transponders consists of an
address byte, switch control information bits,
and an 8 bit cyclic redundancy check byte. The
format of this information is shown below in
Figure 1.

2400 Hz S
IDLE |T SW[sw[D[D[D[D
TONE |A|8 BIT | 1| 2|1]2{3]4|8 BIT
R|ADDRESS SWITCH CRC
1200 Hz |T CONTROL

Figure 1. INTERROGATE WORD (23 BITS)

The transponder will reply to an interrogate
if its own address matches that received, and
the calculated CRC indicates that there were no
transmission errors. The data returned consists
of an address byte for confirmation, 4 byte
values resulting from analog to digital
conversion of 4 inputs, 4 binary bits indicating
the status of internal or external alarms, 6
binary bits indicating switch settings, and a
CRC byte. This is illustrated in Figure 2 below.

2400 Hz S
FLAG| T AJATATA]
A|8 BIT |8 BIT|8 BIT|L|L|L|L
R| ADDRESS | LEVEL{ LEVEL|M|M|M|M
1200 Hz |T #1 #2 1121314
sTs
wW{w|D|D|{D|DI8 BIT|8 BIT|8BIT
112|1|2{3|4]LEVEL| LEVEL |CRC
o #3 |44

Figure Z. TRANSPOND WORD (59 BITS)
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The diagram below provides an illustration of
timing for the entire interrogation cycle.

[TNTERROGATE TRANSPOND | PROCESS| ~
77 MS 210 MS =100 MS
|
»— ———————— ® 400 MS— == ~==-=~- -~ {

Figure 3. OVERALL INTFRROGATION CYCLE

The user interface was specified to be as
flexible as possible by the use of RS232C data
ports. The ports are categorized as follows:

- Two dedicated work station temminals with
associated alarm printers.

- Two dial-in work station ports for remote
access to display screens,

- Two dial-out ports for access to Tremote
signal level meters.

- One interface to another computer system
responsible for overview graphics.

The status monitoring system is now equipped
with 7 processor boards which run on an Intel
Multibus. This allows the connection of 10
trunks to the system, each of which may contain
up to 255 stations. A memory capacity of 1 Mb
is provided. Non-volatile mass storage consists
of a 35 Mb winchester drive and a cartridge tape
which can store about 6 Mb. Both of these are
used to store historical data from the system.

MULTIPLE TRUNK CONSIDERATIONS

There are two approaches that can be taken
when multiple trunks must be monitored by a
status  monitor. The simplest and least
expensive is to share one RF data modem with
more than one trunk. This may not always be
possible if the head-ends are separated, and
also there is the inconvenience of 1level
adjustments affecting the forward RF level on
more than one trunk. Another method is to split
and combine the transmit data and receive data
respectively before modulation., This requires
additional RF modems.

Both of the above methods were used by MTS
before 1installation of the new monitoring
system. As the mmber of total stations in-
creases, the next logical addressing capability



would be based on a 2 byte address. This would
have required significant upgrades to existing
transponders.

Even if one were to design or re-design
transponders with an extended addressing
capability, other pitfalls 1limit the practical
size of the 'one data I/Q port" system. If the
data speed is low, stations will be polled 1less
frequently than desirable. The time to poll all
stations for an arbitrary system of 1500 trans-
ponders at 400 ms per cycle would be 10 minutes.
This assumes that all stations are scanned with
equal frequency. It may be desirable to have
certain stations such as end stations scanned
more often. This will further lengthen the
overall turn-around time.

Increasing the data rate normally means that
the immunity to noise will decrease according to
(1) assuming optimum design of modem character-
istics for each case.

Immunity change = -10 log (new rate/Ref rate) (1)

A further 1limit exists when attempting to
speed up the polling process. This is the
processing time required after each poll. As
more sophisticated alarm checking features are
added, the processing time increases until at
some point it becomes the dominant source of
delay, The MIS status monitoring system
requires approximately 100 ms for this overhead.

The above problems can be overcome by
sharing the work load of normal polling among
multiple I/0 ports and processors. This
solution maintained compatibility with existing
transponders for the MIS system. A further
advantage of splitting up the trunks for
monitoring exists whenever a serious trans-
mission impairment develops on a particular
trunk, If this impairment prevents data trans-
mission, only that trunk will be affected since
the other trunks are physically separated.

OPERATING SYSTEM AND LANGUAGE

The status monitoring system includes both
event driven functions and time driven func-
tions. Event driven functions include the
reporting of alarms as they occur and user
access to informational screens. Time driven
functions are required to handle storage of
hourly and daily historical data and also to
co-ordinate polling of remote signal level
meters. The timing of the various functions is
asynchronous in nature, This requires the use
of a multi-tasking operating system. This system

has 21 application tasks, excluding scanning
tasks and operating system tasks. A useful
feature 1is the ability to specify different
priorities for different tasks. For example,
the tasks that are responsible for generating
alarm messages have a higher priority than those
responsible for storing historical data to
cartridge tape.

Flexible usage of memory is an important
consideration, as many software tasks require
extra memory only temporarily during certain
functions. If all memory was allocated stati-
cally, additional hardware memory would be
needed. Advantage can also be taken of the fact
that not every trunk will contain the limit of
255 stations. The data-base for each trunk must
reside in memory at all times. By locating each
data-base dynamically, efficient use can be made
of the pool of free memory.

The operating system used for the MTS status
monitoring system is the Intel iRMX 86 object
oriented operating system. The usual programm-
ing language for applications using this operat-
ing system is PL/M 86. A programming language
for an application of this size must be geared
toward high level modular style, for maintain-
ability, and yet also allow some of the low
level bit manipulation functions normally only
present in assembly language. The ability to
create large programs without overlays is also a
desirable feature. One of the application
modules in the system has in excess of 90K of
object code.

SYSTEM ORGANIZATION

Processing responsibilities in the status
monitoring system are divided between one master
processor and six slave processors. Each of
these processors (Intel 8088) interface with the
multibus and have access to all of the main RAM
memory. The master processor handles file
accessing and the high level application tasks,
while the slave processors provide I/0 drivers
for wuser ports and carry out the routine
amplifier polling functions. A block diagram of
the system is shown in Figure 4.

Each processor board contains EPROM memory
of between 16K and 64K. The master processor
uses its EPROM memory to automatically bootstrap
load the monitoring system software. The slave
processors use their EPROM code extensively even
after system startup. The EPROM code and 4K of
local RAM for each slave processor is not
accessible by any other processor and does not
Tequire access to the multibus. This is an
important advantage in that bus contention is
minimized.
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Fig. 4 - SYSTEM BLOXX DIAGRAM

Each processor rtuns its own local operating
system, which except for one slave, includes
multi-tasking features.

Tasks Tunning on the master processor
communicate with slave processor tasks via a
custom operating system extension written by the
supplier.

Scanning functions are facilitated by 5 of
the slave processors. There are 2 intelligent
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scanning interfaces attached to each of these 5
slave processor boards. These are the inter-
faces that provide the Kansas City standard

input and output data to the external RF modems.
These interfaces each contain an 8 bit single
chip micro-computer. Timing of the data for
transmit and receive 1is accomplished by these
interfaces. Each scanning board handles two
interfaces and therefore two trunks by the use
of separate tasks.

Scanning takes place with no intervention
from the master computer other than instructions
to start a particular scanning mode. The
scanning firmware interacts with the memory
resident data-base directly. The data-base is
updated when valid data is received and new data
is compared to alarm limits and alarm flags to
determine if there is a change of alarm state.
If a change of alarm state is detected, the
scanning task will send an appropriate message
to the master processor alarm task where it will
be processed.

Each processor requires a certain amount of
memory for its exclusive use. In this system
the top 256K of memory is allocated for slave
processor usage and interprocessor communication
usage.

The master processor runs all the high level
application tasks and requires a more complete
compliment of operating system functional layers.
The application software for the master computer
can be broken down into four main modules:

1) Alarm generator

2) Work station

3) Background

4) Graphics computer interface.

The alarm generator processes messages sent
to it from the scanning processors and issues
alarmms to the printers. Alarms are also stored
in compressed format on a disk file, The alamm
generator maintains counts of pending alamms for
each section and station of the network.

User access via CRT terminals is provided by
the workstation software. There are four user
interfaces which have their own jobs and tasks.
The work station screens provide overview alarm
status during idle conditions and allow detailed
viewing of CATV trunk measured parameters when
requested.

Background tasks are responsible for storing
historical data and for polling of signal level
meters which are accessed by dial-up connections.



Each amplifier station has 128 bytes of data
allocated in main memory. A compressed version
(64 bytes) of each data-base entry is stored on
disk files at the end of each hour, and then
transferred to cartridge tape daily.

Polling of signal level meters is initiated
every 20 minutes for the MTS status monitoring
system, The software is designed to be
compatible with Wavetek Sam IIID and Sam IV
signal level meters. This software is currently
being used to generate alarms when head-end
television carrier 1levels exceed maintenance
limits.,

The graphics computer interface is a
specific custom application used by MIS to
integrate the Broadband Status Monitoring System
with other alarm reporting systems. Its
functions include sending change of alamm state
messages and providing overall dumps of the
status of a group of alarm points.

The above main modules are linked separately
and are only bound together as an entire applica-
tion by the operating system at run time.
Approximately 256K memory is required for the
entire operating system with application
software. This does not include dynamic memory
requirements such as task stacks and extra data
segments. Dynamic memory of about 512K is
available for these requirements as well as for
the trunk data-bases.

SCANNING MODES

There are three types of scanning sequences
used in the MTS status monitoring system.

1. Normal mode
2. Maintenance mode

3. Special purpose.

Any or all of these modes may be active at a
particular time on a trunk. The scanning tasks
are responsible for the sequencing of station
polling in a manner that allows each mode shared
access to the trunk.

Normal mode scanning 1is wusually enabled
continuously since this is the mode that checks
the status of the network and generates alarms
for out of 1limit conditions. The normal
scanning sequence for this system consists of
polling stations in two lists. The first list
simply includes all stations of a trunk and the

second is a subset of the first which consists
of "priority" stations. Station polls alternate
between these two 1lists resulting in two
continuous scanning loops. Stations chosen as
Ypriority" normally include the end stations of
each trunk a well as stations that report
critical alarms such as power supply alarms. This
permits very rapid detection of outages and of
selected critical alamms.

Maintenance mode scanning is invoked in
responseé (o an operator Trequest to view the
status of a single station, The same station is
repeatedly polled and the data-base updated so
that changes will be visible on the operators
CRT terminal. Alarms are not generated by this
mode.

Special purpose scanning includes functions
such as amplifier balance checks and bridger
switching. The Intercity Broadband Network in
MIS uses feed-forward amplifiers. One of the
useful features of feed-forward amplifiers,
aside f rom their improved distortion
performance, is their inherent redundancy. The
main RF hybrid IC and the error RF hybrid IC
must both fail before there is a 1loss of
service. This feature is lost if an IC quietly
fails and does not reveal any clues.
Performance will only suffer noticeably when a
significant number of stations have this problem.

The amplifier balance check modulates the
power supply voltages of each of the RF hybrid
IC's in a feed-forward station in a sequence.
Balancing in a correctly functioning feed-forward
stage minimizes the effect of this simulated
impairment. Above normal modulation of a system
carrier will be measurable, at the end of the
trunk, during part of the sequence if one of the
IC's is not functioning. This sequence ‘can be
performed manually using a spectrum analyzer at
the end of the trunk or automatically if
suitable detectors (performance monitors) are
interfaced to system compatible transponder
modules. The scanning firmware will update the
data-base, and generate applicable alarms, if a
""performance monitor' is used.

Bridger switching is one of the features
that is yet to be implemented on this system.
This also requires control information to be
sent to the transponders. Its use is in locat-
ing the source of reverse trunk interference.
This is accomplished by systematically switching
off one reverse distribution leg at a time,
under computer control, and noting when the
interference changes at the head-end.
Alternatively, the switches may be set up so
that each leg is only attenuated (eg. 6 db)
rather than completely cut off. Software or
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firmware could be designed to minimize operator
input when a 1large number of switches are
involved.

A1l of the scanning modes described perform
integrity checks on the incoming data. If these
checks conclude that errors may have occurred,
then no action is taken other than to increment
error counts for the station and trunks involved.
The two checks are known as the cyclic redundancy
check (CRC) and the station ID check.

The cyclic redundancy check used on the MIS
system _is an 8 bit CRC with a divisor polynomial
of X 8 + 1, This check greatly minimizes the
probability that random data will be interpreted
as a correct transpond. This would normally occur
about once in every 256 polls for completely
random input data such as would be present with
incoming noise without actual transponds. This
is where the station ID check further reduces
the probability of bad data being accepted. If
the station address information received in the
incoming transpond word does not match the
station address that was requested in the
interrogate, the data is rejected.

The above checking does have some limitations
when data is received that is only partially
corrupted. This occurs because the X + 1 CRC
polynomial has reduced performance when dealing
with two errors in a transpond word. If two
errors exist there is about 1 chance in 8 that
the CRC will indicate correct data! The station
ID will often still be intact in the case of
only 2 errors within the entire transpond.
Fortunately, this problem can be greatly reduced
by choosing a more suitable 8 bit CRC polynomial.
The use of a 16 bit (RC would render this problem
insignificant, but might be too difficult to
change on an existing system.

FAILURE REPORTING

Failures in this context refer to complete
losses of service on part of a CATV trunk. The
MIS Intercity Broadband Network imposed a
challenge with respect to localizing this type
of failure. The longest trunk monitored by the
system is a straight line trunk consisting of
122 amplifier stations. The reverse trunk is
regulated by AGC using a pilot originating at
the end of the trunk. If a break occurs in the
cable near the end of the trunk, the effect of
all AGC stations back toward the head-end raises
residual noise to high levels. For long trunks
this build up is limited at the point where the
AGC detectors determine that the noise level
within the detector bandwidth is equal to the
normal carrier level.
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Normal interrogation cannot separate
transponding stations from not transponding
stations if CRC errors occur when polling
stations before and after the discontinuity. In
marginal cases extra interrogates could be
attempted to provide statistically significant
differences. This would slow down the fault
locate process. The fault locating sequence on
this system starts at the end of the trunk and
works back toward the head-end until a
transponding station is found. A more reliable
method of determining transpond status was
required to maximize speed and accuracy of this
process.

A CRC error will wusually be reported if
there are any errors present in the incoming
data. A more noise immune method of detecting
the presence of the FSK data was developed
specifically for fault locating purposes. This
method uses the incoming 1200 Hz and 2400 Hz
information directly rather than the 300 bps
data. The coherent nature of this signal is
utilized by digitally averaging the sliced FSK
signal. The length of one cycle of the 1200 Hz
tone is averaged 64 times. This cycle length or
frame consists of 12 increments. The maximum
value for each count is 64 and the minimum is O.
The maximum value is compared with the minimum
value to determine if actual FSK tones are
present. Examples of the results of this test
are shown in Table 1. The absolute phase of the
tones, at the beginning of the test, need not be
zero as it is in the examples. Minimum drift
and coherency, however, are essential
Tequirements.

00 01 02 03 04 05 06 07 08 09 10 11

64 64 64 64 64 64 64 0 0 0 O O 1200 Hz only
64 64 64 0 0 064 64 64 0 0 O 2400 Hz only
64 64 64 32 32 32 323232 0 0 0 1200/2400 Hz

56 53 57 29 34 31 32 30 33 13 10 15 1200/2400 Hz
with noise

Table 1 - FSK DATA EXAMPLES

This test is performed in real time by the
interface module firmware. It can be shown that
if this test is performed 3 times during the
transpond interval and suitable (max - min)
thresholds are chosen for pass/fail, the
following comparison can be made with the normal
transpond method.

Probability of '"noise only" being interpreted as
data:

NOTE: Log 10 (p) is shown.



Normal method -4.8 (ideal case/worst case -Z.4)
FSK method -5.5

Noise immunity improvement based on same
probability of missing actual transponds for
both cases.

Normal method 0 db (reference)
FSK 10 db (approx.)

Once a failure boundary has been found the
status monitoring System issues a message
specifying the range of stations affected.
Other information is added when applicable.
One example of this applies if the failure is on
the edge of a powering boundary. Powering
information is part of the data-base. Also, a
re-check is done after every fault locate to
determine if the failure was intermittent.

Conditions may exist on a trunk that cause
the return data to be un-intelligible yet measur-
able by the "FSK'" test. A warning message is

issued when this condition is detected. This
is necessary because some alarms may change
state in the system without being detected by the
status monitor until correct data is received.

CONCLUSION

A status monitoring system can improve
service availability and decrease costs of
maintenance on CATV systems. Limitations exist
whenever one attempts to status monitor large
networks with insufficient computer hardware at
the head-end. Micro computers systems can be
enhanced by sharing the processing 1load among
multiple processors. This concept is now being
used in applications that previously would have
required the speed and sophistication of a mini
computer. Software is a significant investment
for the head-end computer, so expansion capabil-
ity is an important consideration. Expansion
capability refers to both the number of stations
that can be accomodated and the ability to
enhance software features in the future.
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A Digital Audio System For CATV Applications

William L., Thomas

American Television & Communications Corporation

ABSTRACT

With the recent interest in improving broadecast
audio quality for the consumer, various systems are being
proposed as solutions. After a review of current
activities, a description of a digital audio system which
offers quality equivalent to the Compact Dise is followed
by a discussion of field trial plans.

INTRODUCTION

Audio quality as available to the consumer is
improving from both the source and home reproduction
perspectives. There are also several approaches being
proposed for making similar improvements in the
broadcast techniques used to deliver audio to the home,
using either direct over the air, satellite, MDS or CATV
systems.

The following table illustrates the relative
performance of common consumer audio products:

System Audio S/N dB
Compact Disc 90
HI-FI VCR 80
Cassette (Dolby C) 75
Turntable (LP) 70
Off Air FM Stereo 65
Cassette (Dolby B) 65
MTS (DBX NR) 65
Cassette 57
Cable FM Stereo(-15dB) 55
VCR 47
Many of the above systems suffer from

performance which does not achieve the given
specifications. Wherever alignment of the system is
required, the operator or the consumer is unlikely to
provide maintenance to preserve the maximum quality.
Also, records and tapes suffer degradation from repeat
usage. In general, a specification of 70 dB S/N is
considered acceptable with 80 dB S/N considered
excellent. As such, only the Compact Dise and HI-FI
VCRs are currently considered to fall into the excellent

category.

Program Source Improvements

Program source improvements are moving quickly
on several fronts. In the recording studio, digital multi~
track recorders (such as the Sony PCM 3324) are
replacing the current analog based machines. The TV

broadeast community is adopting the BTSC MTS stereo
standard, CATYV satellite delivered services are upgrading
with digital and high quality analog transmission, and the
Compaet Dise is having a major impact on the studio
operations of many quality conscious FM broadcasters.

In the home, the Compact Disc system is also
taking off very quickly. At present, the acceptance rate
is growing at least twice as fast as did VCRs. In addition,
users of the system are buying double the average number
of discs as they previously purchased as albums. this can
be explained by the low cost of home players (under $300
units are available) and the initial need to stock a library
with new dises. The net result is that the home listener
is moving up in his expectation of audio performance,

Recording Improvements

Recording equipment improvements are also
moving into the home at affordable prices. The Beta and
VHS HI-FI cassette tape recorders are the main example
of this trend. However, there are other aspects such as
PCM adapters for older VCRs and Dolby C modes on
standard audio cassette recorders, There are strong
indications that a new home audio recording system will
be unveiled next year by several Japanese
manufacturers. This system would provide two hours of
record time using a digital audio cassette format.

Transmission System Improvements

Transmission system improvements are following
closely on the heels of the source and recording
upgrades. Over the air broadcasters have adopted a new
stereo standard for TV, the MTS (Multi Channel Sound)
system which includes DBX noise reduction. FM
broadeasters are mounting a campaign to take full
advantage of the quality possible in their current
system. Satellite delivered signals for CATV headend use
are adopting both digital (Wegener ADM Dolby, M/A-
COM VideoCipher II) and analog (Wegener Panda II,
Studioline) techniques.

For delivery directly to the home several new
alternatives are under development (see references 1,2,3
and 4). CATYV equipment vendors are developing both in-
band and out-of-band systems. An in-band system
delivers audio within the video channel. Examples of this
are the Oak Sigma series and M/A-COM VideoCipher 1I,
which use digital technologies, replacing horizontal syne
with digital audio. In an out-of-band system, the audio
information is broadeast separately in another part of the
spectrum. Both analog and digital designs are being
suggested. For analog approaches, one alternative is
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carriage in the FM band in the standard format. A
tracking adapter tunes to the proper FM channel when
the video channel is changed. Examples of this product
are being shown by Pioneer (reference 5) and
Westinghouse/Sanyo. A "digital" quality analog system is
being shown by Studioline, also of the tracking type. In
the digital realm, products have been shown by Sony,
Panasonic and Toshiba. Other vendors are known to have
both types of CATV systems under development.

Other alternatives include DBS and MMDS (multi
channel MDS) delivery systems. In the new DBS products
there are digital audio channels being designed in. The
MMDS market, which is now being launched, is expected
to use the lure of digital audio as one of its selling
points. An interesting option in MMDS is to devote a full
video channel to audio only. This would provide at least 8
high quality stereo channels.

Why Consider Digital?

Why consider digital technology for the
transmission of audio in CATYV applications? Certainly,
there is a trend towards digital recording and Compact
Disc sales to the consumer. Therefore, it will be easy to
convince CATV customers that they are getting the best
sound when it is digitally broadeast into the home. But as
engineers, picking systems which must be compatible
with our cable plants, and which must make efficient use
of the limited spectrum available, a closer examination
of the alternatives is in order. Given these concerns, in-
band solutions are attractive, however unless a complete
changeout of equipment is possible this is not practical.
Therefore, out-of-band solutions are likely to be chosen.

The next table shows the stereo channel efficiency
for the major out-of-band contenders, all of which have
high quality performance:

System Channels/6 MHz
M/A-COM PCM digital 8

Sony PCM digital 8

Toshiba PCM digital* 8

Panasonic PCM digital* 12

Dolby ADM digital 16

Studioline analog 20

*These systems also have less efficient modes with S/N
90dB

The PCM (Pulse Code Modulation) systems use
various forms of companding and QPSK modulation for
greater efficiency. A Dolby ADM (Adaptive Delta
Modulation) system designed with integrated circuits
available this year from Signetics, is also likely to use
QPSK modulation. Studioline, currently the sole analog
system for consideration, is based on the Telefunken
High-Com companding process and discrete L/R FM
modulated channels.

Given the example of Studioline, it is shown that
there is certainly not an advantage in terms of bandwidth
considerations where digital is concerned. However, this
is not to say that there is an inherent disadvantage with
digital as improved systems such as the Dolby ADM are
perfected. In fact, there may be definite advantages
with respect to noise performance and security when
digital is chosen.
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Both analog and digital systems can operate at
carrier levels which do not cause unusual loading of the
cable plant, yet offer noise free reception against white
noise sources (such as long amplifier cascades). But no
system, no matter how rugged is its design, is totally free
from the effects of impulse noise. One advantage of the
PCM digital approach is the possibility to interleave
(shuffle the order of the samples), so that an impulse
noise burst is spread over a longer interval where the
error correction coding can compensate without
degradation. Also, with digital error detection coding it
is possible to take further action if an error can't be
corrected. A technique called analog concealment
averages samples and substitutes a recent value if an
uncorrectable error is detected. While the Dolby ADM
digital system works in a different fashion, it also offers
the same immunity from noise bursts. By transmitting
only small positive or negative inerements from the
previous value, an error due to a noise burst has a much
smaller impact on the signal.

An important aspect of any digital system is the
ease of offering a very secure service with little
overhead. System operators are increasingly concerned
with theft of service, and in general are impressed with
the security aspect of digitally based produets.
Addressability and all its features are easily incorporated
into digital audio systems without additional data
carriers. For future applications, additional data streams
can be multiplexed into the system in a convenient
fashion.

Given an uncertain outecome on the long term
question of channel efficiency, the attractions of digital
audio for consumer acceptance, impulse noise
performance, security, addressability and future services
provide ample reason to work with the technology
today. The cost difference of full featured terminals is
not a question since analog and digital products are
already on a par. The typical price is in the range of
$100-125 depending on quantity.

Service Opportunities

There are three service opportunities which are
becoming of interest: 1)enhanced audio, 2) premium audio
and 3) pay-per-record. Enhanced audio is the offering of
superior audio quality over that which is available today
as part of the TV program. This includes the standard
network and local TV station feeds as they upgrade for
MTS and cable services such as MTV, VH-1, HBO,
Cinemax and others who are also upgrading for higher
quality. Any of the broadeast systems which offer better
performance than standard TV audio can be used for
providing this service, Premium audio is interpreted as a
pay service with multiple channels of commercial-free
programming. Formats such as rock, contemporary,
classical, jazz, news, sports, weather and business
updates are all candidates for a premium audio service.
Pay-per-record is a future possibility, particularly as new
digital audio recording equipment is offered in the
consumer marketplace. Possibilities to "publish" lesser
popular works as well as special events make this an
exeiting opportunity for the future.

For premium audio and pay-per-record, high
quality audio transmission is considered a must. The
CATY operator is in a good position, if he selects a
digital audio system, to set the standard and establish



these businesses.

DIGITAL AUDIO DESCRIPTION

In June 1983, ATC R&D issued a RFP (Request for
Proposal) for developing a digital audio product. After
analyzing several responses, Toshiba was chosen for the
task. Based on experience gained in the development of
digital audio as used in DBS receiving equipment for the
Japanese market, the DCAT (Digital Cable Audio
Terminal) system was designed (reference 6). The
following features indicate the capabilities of this
system:

Feature Specification

Tuning range 88-120 MHz

Input range +5 to -24 dBmyv

Required C/N 23 dB

Ultra Hi-fi 16 bit linear PCM

Frequency response 20-20 KHz

Dynamic range 86 dB

Total Harmonic Distortion 0.015%

Channel efficiency 4 channels/ 6
MHz

Super Hi-fi 14/10 bit NIC

Frequency response 20-15 KHz

Dynamic range 76 dB

Total Harmonie Distortion 0.1%

Channel efficiency 8 channels/ 6
MHz

Program number 99 values, 26 tier
levels

Security multi-keyed
encryption

Error correction BCH (63,56) SEC,
DED

Headphone jack front panel
volume control,
600 ohm

RF Input 75 ohm, "F"
connector

Line output Phono jacks (L/R)
with adjustable

outputs (1-3 v

RMS)

Power 105-132 AC (60
Hz), 15W

Size 13.5" (w) x 9.5"
(@ x 2.25" (h)

Remote control optional

As described above, the system has two modes of
operation: 1) Ultra mode (16 bit PCM) and 2) Super mode
(14/10 bit NIC). The Ultra mode provides the same
performance as Compact Disc systems. By using 16 bit
linear PCM and a sampling rate of 48 KHz no compromise
of audio quality is allowed. The Super mode was designed
for greater channel efficiency and yet also delivers high
quality audio with a S/N of 76 dB. Samples are taken at a
32 KHz rate, with 14 bits reduced to 10 using NIC (Near
Instantaneous Companding) techniques. In addition, pre-
emphasis is used to further reduce any effects of
quantizing noise. The subjective difference between the

two modes varies from listener to listener, but tends to
be interpreted as a reduction in "presence” or “fullness"
of the material. It is very difficult for the average
customer to know which mode is being used.

The data is packaged in one msec frames of 2048
bits each. These encrypted frames include syne
information, audio information (one Ultra or two Super
stereo pairs), addressing data and error correction
codes. The resulting 2.048 Mbit data rate is QPSK
encoded and occupies a 1.4 MHz RF channel.

Headend System

The headend system supports all encoding
requirements for the digital audio system. It is
comprised of the following functional elements: 1) A/D
conversion, 2) Frame formatting, 3) QPSK modulator and
4) system controller.

The A/D conversion process is a critical function
due to the high S/N capabilities of the system. Of
particular importance is the input anti-ailiasing filters
which must constrain the upper frequency to be either 20
KHz (Ultra) or 15 KHz (Super). To achieve proper
rejection of frequencies above these limits and not
sacrifice phase response requires careful design. Also
included in this function is the pre-emphasis and NIC
circuitry.

The frame formatting is a complex task because of
all the elements that are put together on a real-time
basis. These include audio sample data which must be
interleaved, control information (both system wide and
specific terminal dependent) which must be provided,
then all data must be encrypted along with the error
detection and correction coding.

The QPSK modulator and upconverter requires a
mixture of digital and RF design. First, the incoming
serial data stream at 2,048 Mbits must be formatted into
dibits for the quadrature modulation process. After
QPSK modulation and filtering at an IF frequency, an
upconverter must be used to place the channel in the 88-
120 MHz range.

For addressable system control, a system
controller computer and software must interface to the
frame formatting function in the headend. Also, as in
any one-way CATV control system, appropriate
interfaces must be made with local operators and the
billing/management system.

Terminal Design

The terminal design has many similarities with
existing equipment. As in a baseband video converter,
there are tuning and demodulation functions. Similar to a
Compact Dise player, there are decoding, reformatting
and D/A functions. It is the marriage of these two
families of requirements that is unique. Additionally, a
desire to use existing components and low cost
manufacturing techniques completes a picture of the
constraints on the design.

The tuning system is standard, covering a range of
32 MHz (88-120 MHz in the initial produet). It is
microprocessor controlled with 100 KHz channel steps.
For demodulation, a QPSK demodulator IC is used from
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the Japanese DBS system development.

The PCM decoding involves a reversing of the
process that was performed at the headend. The de~
encryption process must be performed and de-
interleaving of the data is required. Any errors are
corrected, or detected for analog concealment. The
resulting L/R channel information must be D/A converted
and carefully filtered to remove the quantization and
pre-emphasis effects.  Components were used from
previous digital audio projects wherever possible.
However, a new design of a security IC was required to
handle the de-encryption process in a cost-effective
manner.

The user interface is primarily through a set of
front panel controls. In addition to a 14 position keypad
and two digit LED readout, is a volume control and jack
for the headphones. An optional remote control has the
same features available on the keypad. Basic features
include program selection and a memory function for
advance selection of an upcoming program. A front panel
volume control for the line outputs was not included for
cost reasons. However, rear panel adjustment controls
are provided separately for the L and R outputs.

FIELD TRIAL PLANS

The first field trial of the DCAT system is
scheduled for May 1985 at ATC's Thornton, Colorado
system. It will involve an 8 channel headend and up to
100 terminals. A variety of high quality program sources
will be used and performance measurements will be made
on the system. A market trial of enhanced and premium
audio is then planned for fall 1985 as the next step in the
development process.

Engineering Trial

In the engineering trial which is scheduled to
commence in May several issues will be of major
concern. Obviously, the audio performance of the system
is the main feature to be studied. However, other
concerns are also of a very practical nature: 1) wiring and
compatibility issues at the CATV headend, 2) RF signal
level measurement procedures and 3) customer premise
interconnect configurations.

The audio performance will be measured at
selected sites including the headend and locations
throughout the cable plant. To help understand
performance, a BER (Bit Error Rate) measurement will
lead to an estimate of the RF headroom available for the
QPSK modulated signal. Analysis of distortion and
ingress effects will also be noted.

At the headend, care will be taken to preserve the
signal quality available from a number of sources: 1)
Compact Disc. player, 2) M/A-COM VideoCipher II audio
from HBO and Cinemax, 3) Wegener Dolby audio from
MTV and VH-1 and 4) local TV and FM broadecast
sources. Any special precautions that are found to be
necessary in the wiring layout will be reported.

New techniques must be derived for making
practical field measurements of wideband QPSK
modulated signals. An investigation of methods that
allow usage of current measurement equipment (such as
the Wavetek SAM series) will be necessary for field
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testing.

Perhaps the most uncertain path is the question of
various home configuration possibilities. By noting
various examples of real world situations, a better
understanding of the cable operator's responsibilities will
emerge.

As a conclusion to the trial, a summary report will
be generated including information relative to the above
concerns. Assuming functional success of the DCAT
product, the next step is a market trial of high quality
audio for the CATV customer.

Market Trial

At the present time, ATC NBD (New Business
Development) is in the planning stages of a full scale
market trial of enhanced and premium audio which would
start in the fall of 1985. In covering the needs of both
enhanced audio and premium services it is expected that
12-16 stereo channels will be carried in a high quality
format, such as that provided by DCAT. Features which
are important to the market trial are addressability,
remote control and audio quality.

SUMMARY

Audio source, recording and reproduction
equipment has made tremendous strides froward in the
last few years. To complete the picture, improvements
must also be made in audio broadcasting. Cable systems
have an opportunity to set the standard of excellence
through the adoption of high quality audio systems.

A digital audio system (DCAT) has been developed
which offers the required level of performance and
security from theft of service, An engineering field trial
will start in May, with a market trial to follow later this
year.
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ABSTRACT

United Cable Television Company's Alameda
California cable system is an application of
fiber-optic technology in a dual-cable, two-way
franchise. The 24,000 homes passed in the star-
switched Mini-Hub I system Pprovided new lessons
and solutions that previous French and Japanese
developments attempted to solve with smaller
subscriber bases.

Times Fiber Oommunications, Inc. (TFC) elec-
tronic developments incorporated commercial qual-
ity components into outdoor off-premises equip-
ment. Micro-computer technology was incorporated
into two-way, FSK, high traffic fiber-optic links
between subscribers and the local hubs. Impor =
tant lessons on trunk amplifier tuning and con-
structing the two-way coaxial link between the
headend to the local hubs were also learned.

The world’'s most extensive aerial and burial
fiber-optic distribution system contains patent-
able developments in fiber connections, junc-
tions, and weatherproofing. Two new fiber optic
connectors were introduced that reduced fiber
connector costs by five times.

INTRODUCTION

The purpose of this report is to review the
details of the design and installation of the
fiber-optic subscriber distribution portion of
the system, and put it in perspective with other
phases of the Alameda construction. Each part of
the 1link will be discussed with regard to the
initial design and related theoretical decisions,
lab test results, and an explanation of field
experiences.

COAXIAL TRUNK PLANT

Star-switched systems dreatly affect the
design of the trunk and feeder portion of one-
and two-way systems. The amplifiers in the
Alameda system (Jerrold JN Series) were spaced 21
dB to satisfy a maximum cascade requirement of 14
amplifiers for the Cable A and Cable B down-
links. This short cascade is a benefit of star-
switched designs. Long cascades used fused—disc
to achieve the 14 amplifier design goal and 1.0
inch diameter and .750 inch diameter semiflex
cables were used in the remainder of the lines.
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Two-way addressing required rigorous enforce-
ment of standard industry quality measures to
ensure performance. Unterminated cable ends at
future hub sites created severe noise ingress
problems during activation of the two-way link to
the first fully initialized hub sites. Trunk
line connectors and splices required extensive
reworking to reduce noise ingress during the
hub-to-headend link activations.

COMPUTER CONTROL

User-friendly is a term most computer system
engineers apply to software/operator interfaces:;
however, a star-switched system with computer
diagnostics is very T“user—friendly" to the
radio-equipped service technician. When hub
sites were activated or customer complaints were
troubleshot, the field technician received con-
firmation within minutes that his actions had or
had not resulted in success. As the system size
expanded beyond previous system sizes {30 to 40
sites) during construction, new control require-
ments necessitated enhancements to the digital
hardware in the hub.

THE SUBSCRIBER LINK

In Mini-Hub I the subscriber link Figure 1)
between the off-premises hub and the home con-
tains two fibers--one for delivering video to the
T™V and the other to return the keypad encoded
channel requests to the hub. The converter out-
put originates from an LED to which one end of
the optical fiber is directly connected. The
subscriber end of the optical fiber is terminated
in a receiver (RIU) which converts this optical
signal to an electronic video signal. This video
link of the fiber can carry channels 3, 6, and
the FM band simultaneously. The return or uplink
is similar, encoded PSK keypad commands are con-
verted to optical pulses (9600 baud) at the RIU
which then transmits them to the converter for
channel selection.

LED AND FIBER

The Motorola LED (SFOE 101B) supplied in a
TO-52 can was a design match to TFC's 200-250
micrometer step-index fiber; this resulted in the
availability of 200 to 400 microwatts of launched
optical power into each subecriber link. A per-
formance minimum of 30 microwatts delivered to
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the subscribers' receivers required link losses
no greater than 8 dB and an installation budget
of 6 dB to allow for aging. Factory testing and
selection of the LED resulted in very high con-
verter 1light outputs that provided excellent
reliability in the converter section. A field
problem was keeping the optical ports of the
transmitters and receivers clean enough to main-

tain high optical power transmission. This was
accomplished with plastic caps.

The video receiver used was a Motorola
SFOD133 and the FSK subscriber uplink which

required much less performance than the video
downlink utilized a Honeywell SE4342 with an
SD4342-2 detector that had a 13 dB loss budget.
Therefore, choices were available to the instal-
ler to utilize the lowest power loss link for the
video downlink.

The 200 micrometer core fiber was made to a
250 micrometer +3 micrometer outer diameter size
with fiber attenuation of 7.0 dB per kilometer
(or approximately .21 dB/100 ft). Connectors
were fabricated with a 253 micrometer minimum

bore. Most measuring instruments or wire gauges
are made in increments of 2.5 micrometer (0.0001

inch) scale resolution; therefore, oversized
fiber or undersized connectors can't be detect-
ed. To remedy these situations, the installers
were provided with oversized connectors.

FIBER CONNECTORS

From the very beginning of the Mini-Hub I
concept, the problem of fiber optic connector
choices was a major issue. Optical fiber con-
nector design, now as then, was based on low-cost
epoxy fastened requiring high installation cost,
or high-cost mechanical clamp technologies, both
unsuitable for a CATV fiber star network. New
development goals were needed. Three targets
were chosen as connector desigrn development goals.

1. The connector was to be manufactured for
less than $1.00 per unit.

2. The connector was to be able to be
field-installed in less than 5 minutes.

3. The connector had to possess an optical
power loss of less than 1.0 dB.

The efforts took two directions--one, to
develop a connector internally and two, to sup-
port a similar effort by an outside vendor. By
the time Alameda construction was started, a
third TFC-developed connector, the Three Pin
Connector II or TPC II, had been developed. It
could be installed in less than 2 minutes, had a
mean loss of 0.9 dB, and cost slightly more than
$1.00 per plug. Figure 2 shows a statistical
compilation of loss measurements of five readings
per connector-pairing for many connectors.

A second development contributed by AMP, Inc.
was the crimpable Optimate SFR, which only
required a one-step polish. The AMP Optimate
could be installed in 2.5 minutes, had a mean
loss of 0.8 dB, and a cost of $2.50 per plug.
Pigure 3 represents a statistical compilation of
the results of five readings made on each
connector.

The TPC II connector exhibited a better opti-
cal loss change over different temperatures and
therefore it was preferred for outdoor use. It
was estimated that over 150,000 connectors would
be required for the Alameda system, so two pro-
duction sources were needed to meet their needs.

The installation of connectors required the
training of new people in a skill with which they
were not familiar. Of particular importance ia
the cleaving operation on the TPC II connector.
The use of simple crimping tools quickened the
connector installation and one-step fiber polish-
ing posed little problems.
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FIBER CABLES

Two different types of fiber cable were used
in Alameda. The cable used in the preinstalled
drop sections from the hub to a junction point
near the subscriber's residence were of a loose
tube multifiber construction. Two-, four-, six-,
and eight-pairs of fibers were enclosed in a sil-
icone grease-filled, steel-reinforced polyvinyl-
chloride jacket (Figure 4). This type of cable
was designed for pulling ease in both the aerial
and underground plant situations. The cable's
small diameters of 0.250 and 0.375 inches,
resulted in clean, neatly lashed strands. Effi-
cient scaling of junction box and tap sizes to
the various neighborhood densities was permitted
because several multifiber cable designs were
used.

The second type of cable was a "zip cord"
(Figure 5) duplex-fiber design. It was used for
the "installed drop" from the junction box to the
subscriber's home. This was a second generation
cable developed by TFC which replaced an older
oval duplex type of cable which required a fiber
breakout assembly on both ends.

MULTIFIBER BREAKOUT

Mini-Hub I installations prior to Alameda had
used a fiber cable jumper to connect a converter
card to a junction box cable termination in the
hub. An extra connector pair that had a higher
link loss and cost more was the result. The
duplex breakout idea was developed into the
Multifiber Breakout (MFB) (Figure 6¢). The key to
the success of .the MFB was the novel idea of
Plowing the fiber into pre-slit tubing and then
terminating the fiber in a connector. This
allowed for a multifiber connection cable to be
made to the converter output with an unbroken
fiber. Tubing was color coded in pairs to match
the fiber colors and to facilitate easy tracing
of the fiber from the junction box to the hub.
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SUBSCRIBER JUNCTION BOXES

A new aerial subscriber junction box (SJB)
(Figure 7) was designed to terminate multifiber
cables in a subscriber tap configuration. Molded
of UV resistant polypropylene in two compartments
(one for weatherproof looping of the fiber and
the second for weatherproofing the installed dror
fiber connection), the SJB was made football-
shaped to provide pulling a preterminated cable
easy. In practice, 20 feet of cable was dropped
from the strand to ground level where the junc-
tion box was assembled. This extra cable caused
greater power loss and cost more.

The underground junction box (UJB) (Figure 8)
differed from the aerial design only in that the
top polypropylene shell was replaced with a cast
polyester concrete air bell. Used in the under-
ground plant in two- and four-pair versions, UJBs
were placed in hand vaults that were subjected tc
water runoff from lawn sprinklers and rain. The
underground duplex jacket of the fiber cable must
be stripped away to remove an escape route for
the air from the bell. Otherwise, air leakage
caused by the soda straw action of the cable can
force out all the air in the bell and cause water
flooding. Also, the lack of stable mounting of a
UJB in a vault would cause flooding.

TOOLING

Performance testing the preinstalled fiber
drop links was accomplished by using a standard-
ized light source that contained 16 output LEDs.
The multiport 1light sources were enclosed in a
portable case and battery powered. After each
day's use, the light sources were charged over-
night. Factory LED selection enabled all 16 LEDs
to have the same dynamic tuning range, aging
rate, and stay at a stablized tuned setting for
each day's use.

The 1light sources were connected to the
multifiber breakouts at the hub and power read-
ings were made at the junction box connectors. A
Wilcom model T319 meter was used to calibrate the
light source and make the light measurements.

The performance readings taken provide an
interesting statistical review of the installa-
tion quality, the connectors, the fiber, and the
accepted links. Figure 9 shows a graph of 492
readings in which the bulk of the links has only
a 2 to 3 dB loss that results in an average of
100 microwatts delivered to the RIU. The second
peak at 3.0 dB corresponds to a predominance of
250 to 450 ft links in the plotted data.

SUMMARY

The lessons of the Alameda installation
involve all phases of the project.

The review of insertion loss test results for
the connector matings and installed subscriber
links indicate that a theoretical approach of
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worst case design may not be necessary in the
future. The statistical evidence indicates that
designing to a less conservative statistical
limit may be more in order.

The future generation design efforts will
concentrate on improvements in the connector
cleaver operation and the multifiber breakout.
Desirable enhancements of the light source
include improved diurnal stability and ease of
recharge.

Another lesson of Alameda is that manuals,
training materials and media presentations must
reflect the detail "do's and don't's." Procedur-
al steps and equipment positioning and orienta-
tion have to be explained in detail.

Last but not least, a recognition of one or
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two new crafts 1is necessary. The connector
installation craft requires a training phase
prior to and during the early on-site employment
in order to quickly develop skills and weed out
those not suited. Cross craft training between
lineman, F.0. connector installers, and hub tech-
nicians is necessary to assure smooth working
relations and to reduce reworking.

TFC has successfully installed the first
large scale two-way addressable off-premises
cable television converter system in the world
and used fiber optic drops throughout. The proj-
ect has definitely shown the technical efficacy
of fiber optic subscriber distribution links in
cable television systems. Newer second and third
generation designs have brought the cost of fiber
optics more in line with future needs.
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ABSTRACT

Classically, data communications for public
and private institutions have been accommodated
on a coaxial institutional network (shadow trunk)
using RF data modems at the customer premise.

Warner Amex Cable Communications Inc. has in-
stalled an 80-km fiber optic backbone network in
the City of Dallas to accommodate high quality,
high capacity traffic including video and large
private data users. The first major user of this
network is the Dallas Morning News, for which a
private link was established.

In the Dallas Morning News application, we
are transmitting information from two laser—-fax
machines for platemaking between the plant in
downtown Dallas and Plano--a distance of 36 km
without repeaters at an optical transmission rate
of 44.7 Mb/s. This paper will describe the sys-
tem, its construction, and performance.

THE DALLAS NETWORK

The Dallas Morning News installation is a
private system operating over a newly installed
fiber backbone network which forms a part of the
Warner Amex cable franchise in Dallas, Texas,
Warner Amex won the cable franchise in 1981 and
constructed the network using an arrangement of
hubs (shown as circles in Figure 1) from which
cable TV would be distributed to subscribers in
Dallas. Cable TV programming 1is distributed to
these hubs from the headend using AML microwave.
As a requirement of the franchise, a shadow in-
stitutional network was constructed using coax,
which 1s to serve public and private institutiomns
with data and video communications services.
This coaxial network roughly shadows all CATV
trunk and, as such, provides a tree-type data
network which emanates from the hubs. The hubs
can, therefore, be used as cross—-connect points
or pseudo—central offices. Although coax provides
an excellent means for interconmnecting multiple
low capacity data users, it is not well suited
for longer distance trunking of high capacity
users. Also, coax is not a preferred approach
for hub interconnect for data or video over the
distances imposed by the Dallas geography. The
amplifier cascades reduce reliability and per-
formance below that desired for either service.
A suitable hub interconnect was required in order
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to establish a full data network and as a poten—
tial back~up for the video microwave feeds.
Although the microwave has been performing
exceptionally well for the subscriber video, and,
therefore, requires no alternate back-up, the
microwave has a limited return (two-way) capabil-
ity. For data, another approach was needed.

O CUSTOMER SITE
O wus sites

[ HEADEND/MICROWAVE
SITES

— FIBER QPTIC
SUPERTRUNK

— COAXIAL NET

Interconnect Concept
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Fiber optics 1s an exceptionally high capac-
ity, low loss, and noiseless medium which has
proven abilities for lomg distance transmission
without repeaters (amplifiers). In 1983, Warner
Amex established a program to evaluate fiber
optics as a potential means for interhub super-
trunks for video as well as data. The results of
our video evaluations were reported at the 1983
and 1984 NCTA Conventions [1, 2]. Although it is
still under evaluation for full-scale deployment,
we were very successful in demonstrating that
single mode fiber was indeed capable of competing
with FM on coax for video supertrunks while pro-
viding performance of 8 to 12 channels per fiber
with 60 dB weighted SNR. We were also quite
aware of the widespread use of fiber for data and
voice traffic, and its ability to provide high
capacity trunks over distances well in excess of
our hub spacings without any repeaters at all,
Our cost studies [3] showed fiber to be the most
cost effective means for data transport in the
metropolitan area when circuit capacities exceed-
ed three to four DS-1s (1.544 Mb/s circuits).
Further implementation of the fiber as drops from



the hubs would depend on user need and capacity.
Small users, for instance, could access the coax-
ial network when fiber 1is not justified. If
these users require interconnect with locations
served by other hubs, then fiber would be used as
the high volume interconnect. We further devel-
oped a means for fiber trunking of the signals
directly from the coax without changing the for-
mat. Thus was created a hybrid fiber/coaxial
network, shown conceptually in Figure 1, which
takes optimum advantage of the capabilities of
both technologies.

With this knowledge, fiber optics became the
obvious choice for interhub trunking. A decision
was made to implement these trunks as the higher
volume business customers required service to
certain areas or as customers began to cluster in
a hub service area, Warner Amex was now in a
position to serve the Dallas community with state-
of-the~art fiber optic services.

THE REQUIREMENT

The Dallas Morning News (DMN) entered the
plcture in 1983 as a wuser of state-of-the-art
printing and telecommunication mediums. DMN was
searching for a highly reliable means of trans-
mitting 1laser-fax information Dbetween their
printing plant in the Dallas central business
district (CBD) and their satellite plant in Plano,
22 miles away (see Figure 2).
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Because of the location of the new Plano north
Dallas printing facility, communications capable
of transmitting pages of text and graphics between
the composing room in the downtown headquarters
location and the north site was mnecessary. The
alternative to a communications link was to phys-
ically transport page negatives by automobile to
the north printing plant.

A decision was reached by the Dallas Morning
News to buy digital laser facsimile equipment
(state-of-the~art) to read page paste-ups and
write page negatives from which offset plates

could be made. This decision was based on a num-
ber of reasons. One was that normal copy flow
from the newsroom precluded physical transport of
page negatives to the north site. Another was to
enhance the quality and speed of the operations
of the Dallas Morning News.

The alternatives for a digital transmission
link were to buy services from the existing local
exchange carrier, buy and 1install and own a
microwave system, or provide for a private ter-
restrial communications system (coaxial based or
fiber optics based).

A very real concern 1in using a microwave
system was the frequency slots available (conges-
tion), the environmental impact of a 24-mile
microwave link, and the dynamic real estate
development in the Dallas area--a fear that new
and interfering buildings would be built in the
line of site and thus interrupt the communications
capability of the locations. This led them to
believe that microwave was not the best option.

The minimum bit rate needed for the systems
was DS-2 or 6.312 Mb/s (T-2). The local exchange
carrier was initially able to provide this ser-
vice only by multiplexing T-1 circuits (1.544
Mb/s, DS-1), and thus a private terrestrial link
was the most viable approach.

SYSTEMS IMPLEMENTATION

The interest expressed by the DMN for a com~
munications 1link to Plano from the CBD prompted
Warner Amex to consider building the fiber trunk
between Hubs 1, 2, and 7, and to extend the trumk
into Plano to serve the DMN satellite plant. The
requirement for a high degree of availability
(99.98%), however, underscored the need for some
path diversity in the event that the cable was
damaged. This 1s a concern of all commercial
customers since it may take from 4 to 12 hours to
restore a cable, depending on circumstances. Qur
AML microwave system was evaluated as a means of
providing the diverse path, Although it was
capable of handling the capacity requested by the
DMN, the cost of interfacing a hybrid fiber/
microwave link, the cost of microwave tramnsmitters
(one per channel at $15,000 each), and the limited
per-channel capacity (6.3 Mb/s) eliminated this
as a conslderation. A coaxial trunk was also
considered. Since this could be implemented by
reconfiguring and activating the coaxial institu-
tional network already in place, 1t would be
inexpensive. Again, however, the cost and com-
plexity of interfacing the frequency channelized
carrier based coaxial system to the fiber system,
which employs TDM transmission, was a mnegative
factor. An additional negative factor was the
length of the amplifier cascade from the Dallas
CBD to Plano. A diverse fiber route, on the other
hand, was not only fully compatible with the pri-
mary, but could be implemented with no added
electronics. Since it could be overlashed on the
existing coaxial cable plant, construction was

1985 NCTA Technical Papers—147



inexpensive. Fiber became the obvious choice for
the back-up 1link with all factors, including
future expansion, being considered.

The route is 1llustrated in Figure 3. The
direct 1line distance between facilities is
approximately 22 miles. The cable route distance
is 25 miles for the primary and 27 miles for the
redundant path. The cable enters Hubs 1 and 2
and passes Hub 7, forming a double loop for re-
dundant interconnect of Warner Amex hubs. These
hubs can, therefore, be used for repeaters, rout-
ing nodes, maintenance points, or hybrid (coax/
fiber) network interface points. Since the DMN
requested a private network, interface at the
hubs was not necessary. In fact, repeaterless
operation was obtained for the full distance be-
tween the Plano plant and the CBD plant. The four
fibers dedicated to the DMN were spliced through
for the interconnect, and all electronics resides
within the DMN facilities. Although all mainten-
ance points are within the DMN, auto~dial fault
alarms automatically alert Warner Amex maintenance
dispatch over phone lines in the event of a major
or minor alarm condition.
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Approximately 90% of the plant was constructed
aerial, with the remainder in underground conduit.
Construction was accomplished with cable TV sub-
contractors using practices which are modifica-
tions of Warner Amex standard coaxial practices.
Splicing was performed primarily by Warner Amex
technicians after a period of on-the-job training
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by the cable supplier, Siecor. The project was
constructed, installed, and activated on schedule.
Construction, maintenance, and operation is man-
aged by Warner Amex Dallas Commercial Services
operations.

FIBER OPTIC SYSTEMS DESCRIPTION AND OPERATION

Figure 4 shows the schematic block diagram of
the system., The main elements are:

a) Channel banks and data channel cards
b) Multiplexers

c) Fiber optic transmitters and receivers
d) Fiber pairs
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System Block Dilagram
Figure 4

The equipment used 1s the DML-45 single mode
lightwave transmission terminals supplied by
Rockwell International. The channel banks and
data channel cards interface with the laser-fax
control data lines and combine these digital lines
(two 2.4 Kb/s channels) into a common data stream
at a DS-1 rate (1.544 Mb/s). Channel cards are
modular and can be mixed in each channel bank to
accommodate various combinations of data rates.
Standard RS232 interfaces are provided.

The DS-3 multiplexer contains data ports which
can interface at a DS-1 rate (1.544 Mb/s) or a
DS-2 rate (6.312 Mb/s). In this application, it
is equipped with two DS-2 modules and one quad
DS-1 module plus protection cards. The DS-3
multiplexer is expandable to accommodate seven
DS-2 circuits or 28 DS-1 circuits., The multi-
plexer combines these circuits to form a single
high speed DS-3 rate (44.7 Mb/s) line for trans-
mission over the fiber optics.

The fiber optic transmitters receive the DS-3
rate signal, intensity modulate a laser, and



transmit this optical signal over the fiber to a
mating recelver at the repeater or opposite ter-
minal. The recelver contains a photodetector
which converts the optical signal to a binary
electrical signal.

The terminal electronics at each site is
capable of working without repeaters over the
full length of the single mode cable. The optical
transmitters and receivers are duplicated in
order to provide redundant electronics over the
redundant path in the event of failure or damage
to equipment or cable.

Protection switching, internal to the multi-
plexer, automatically switches from primary to
the hot standby protection channel in the event
of a failure or signal degradation beyond a cer-
tain threshold. Redundancy 1s provided within
the mnultiplexers at the DS$-~3, DS-2, and DS-1
levels. The protection electronics monitors the
bit error rate (BER) on the primary channel, and
if it falls below a certain threshold (10~7
nominal), switches automatically to the back-up
hot standby channel.

In each of two diversely routed cables, there
are two fibers for DMN operation. In one cable,
the two fibers provide the primary channel; in
the other cable, the two fibers provide the back-
up protection channel, In each pair, one fiber
is for downstream data and the other is for
return. The fiber used 1s single mode operating
at 1300 nm wavelength.

RESULTS

The system was designed for a spliced fiber
loss of 0.6 dB/km. Actual plant loss averaged
0.45 dB/km spliced, providing an end-to-end 1loss
of only 17 dB for the primary path and 19 dB for
the back-up. The equipment had an allowable
optical power margin of 31.5 dB between terminals
(connectors included). An excess power margin of
12.5 dB, therefore, remained, Key performance
parameters for the system were a received bit
error rate (BER) of 10~9 and an availability of
99.98% (1.75 hours/year downtime maximum). BER
was monitored full time for a period of two
months. During that time, no bit errors were
recorded. Since activation in December 1984,
availability has been 100%. All newspapers
printed in the Plano satellite plant since
January 7, 1985, have used the fiber 1link for
press—fax.

CONCLUSION

Fiber optics provides an excellent, cost
effective, highly reliable, ultra-high quality
means for data transmission in the metropolitan
area. For newspaper operations requiring satel-
lite plant printing or printing operations sepa-
rated from composing, fiber optics is a very
practical transmission medium for 1linking the
operations. Fiber offers the wide bandwidth
necessary to operate laser-facsimile equipment

without the degradation in performance often
suffered with other narrowband or more noise-
susceptable means of transmission such as micro-
wave or telephone lines. Cable TV networks offer
a convenlent and low cost facility for construct-
ing such 1links, and due to the usually abundant
aerial right-of-way, offer a low cost opportunity
to provide fully diverse routing-—-the ultimate in
systems reliability. ©Fiber optics 1is a mature
technology and uncomplicated to build and main-
tain. It may be considered without reservation
for private network applications.
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ABSTRACT

Off-premises
is either now

subscriber equipment
available or under
development by several manufacturers.
This eguipment includes outdoor
addressable converters, taps, traps and
jammers, applications for which are
predicated on a growing need to minimize
the electronic equipment inside the
subscriber's home not only to
increase signal security, but to reduce
system maintenance and pay channel
churn.

This paper presents a unified
analysis of a fragmented and multi-
faceted emerging technology. It

proffers a simple and accurate method of

estimating total system costs required
in the use of off-premises subscriber
equipment and presents a model that
allows a direct relation between
equipment costs and system costs
applicable to all known off-premises
devices.

There has been little or no means
of providing a consistent comparison
between the various manutacturers'’
products on a cost-per-subscriber basis.
Presently, manufacturers can provide
equipment pricing either for fully
loaded (1¥@ percent penetration), or
partially loaded configurations, 1i.e.,
prices for a ‘"common" housing, chassis,
etc., and plug-in subscriber modules.
However, these equipment costs cannot be
related to the system cost without an
actual model.

The model presented here is Dbased
on actual port usage, employing
statistics from Jerrold's installed
base, in order to arrive at a
probability density function. It 1is
applicable to any off-premises subscri-
ber device and provides for an
estimation of system costs and a
comparison of competitive technology.
The model has undergone extensive

testing by application to actual systems
presently under design.

PA

19040
SOME BROAD GENERALITLES

1t 1s popular these days to
consider tecnnical approaches that would
remove the set-top converter from the
subscriber's home.

The two main reasons given for
wanting to do this are to minimize the
operator's 1nvestment within the home
and to maximize signal security. Botn
of these perceived needs are of
particular interest for applilcation to
the big cities; 1in particular, where
lower economic scaled people are
concentrated, thereby conjuring up
visions of high churn, difficuity 1in
maintenance, equipment thett and
inablilty to audit installations.

The ideal is to provide all elec-
tronics off-premise within an

"off-premise device"™ (OPD) 1n locations
having unrestricted access by operators,
with the only operator investment at the
home being drop cable, ground block and
an F-connector. Tnis 1ideal can be
rapidly compromised by consideration of
the need for subscriber powering,
channel selection and conversion for
non-cable ready TVs. When features such
as parental control, 1mpulse-pay-per
view, remote control and remote volume
control are included, then the
investment within the home can no longer
be considered minimized, although it
should still be less than a conventional
scrambled addressable set-top based
system. The cost per subscriber of the
in-house electronics (IHE), however is a
known entity, unlike, as is shown later,
that of the OPD.

The signal security ideal can also
be severely compromised with off-premise

devices, especially if unscrambled
premium signals are available on feeder
lines up to the OPD. This 1s because

high density housing provides plenty of

opportunity for impossible-to-audit
pressure taps and, not attempting to
colin a new term, CPTTV, or Community

Pressure Tap Television where enterpris-
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ing pressure tappers can provide for
locally operated distribution of the
clear signals.

OPD TECHNIQUES

There are currently three generic
technigues associated with off-premises
devices. All of which are head-end
addressable.

Off-Premise Converters

Here, the RF signal conversion
electronics is placed within the OPD and
the subscriber control wunit within the
IHE. One converter 15 needed for each
TV or VCR. The drop cable is no longer
broadband multichannel, but now only
supports one channel per TV or VCR.
Present technology provides for multi-
plexing of two channels (plus FM band)
per drop, with no real technical reason
for not increasing to three or more per
drop. The drop lengths are dependent on
powering, not bandwidth.

Addressable Traps - Filtering Method

This technique provides for
addressable channel rejection filters
(traps) ror premium channels or tiers.
The drop cable is broadband and all but
the rejected channels are available to
all subscriber TVs or VCRs. The [HE
contains the subscriber control plus
converter, the latter of which 1s
normally plain but could also include a
descrambler at higher IHE cost. The drop
length can be limited by either subscri-
ber powering or bandwidth.

Addressable Traps - Jamming Method

This technigue uses an addressable
jammer to jam premium channels or tiers.
The drop cable is broadband and all
signals are available to all subscriber
TVs and VCRs. However, those that are
jammed are useless. The 1HE contains
the subscriber control plus converter,
plain or with descrambler.

OPD DESIGN

The OPD must contain head end
addressable hardware, power supplies,
microprocessor memory, signal splitting,
etc., regardless of which of the three
technologies is chosen. This “common
electronics" portion together with the
known requirements for surge protection,
RFI seal, weather seal, feeder line
through loss, etc., essentially dictates
that +the OPD equipment cost on a per
port basis is minimized when the common
electronics cost is distributed over the
maximum number of subscriber ports. For
this reason, equipment concepts of up to
32 ports have emerged with 8 and 16
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ports being typical. Another typical
feature 1is plug-in modularity, organized
on a per port baslis with the philosophy
being to plug in subscriber modules on
an as-installed basis, and assumedly, to
pluck them out on an as-disconnected
basis.

OPD SYSTEM COST MODEL

In other words, in order to
implement an OPD-oriented system in the
most economical way, a non-conventional
system design configuration must be

used. The design would be different for
each of the three OPD technologies
mentioned previously, but is, in

general, characterized by more ports per
housing, fewer housings and longer drop
lengths than conventional tap (i.e.,
two, four or eight port) system
approaches.

Since fewer housings are needed and

each OPD contains RF gain, the
through-line feeder insertion loss can
be minimized SO that fewer line

extenders are needed. However, more
power supplies or more power capability
may be needed, even though fewer line
extenders are used, to power all or part
of the OPD electronics itself.

Of course, tne problem with any
non-conventional system design is that
1f for any reason things don't work out
in the lonyg run, the entire feeder
system must then be rebuilt in order to
revert to a set-top converter approach
with conventional taps. Over the years,
several manufacturers have standardized
the various tap sizes and values so that
multiple sources exist. Off ~-Premises
Device technology, however, has not yet
been standardized and the manufacturers
currently involved have each come up
with significantly different approaches
that require different system designs.
Each offerer has their own design rules,
which apparently are chosen t0o minimize
system cost for comparison purposes.
However, in order to compare OPD techno-
logies, at least a sample of each system
has to be designed for all OPD
approaches under consideration.

THE CONVENTIONAL MODEL FOR OPD DESIGN

For the reasons cited above, what
is proposed in this paper is to apply
all OPD approaches to a conventional
(tap plus set-top) system model, for
comparison purposes. This 1is totally
real world (assuming clearances) for the
upgrade market application and 1s not
improper for the new build and rebuild
applications, for those operators who do
not want to accept the risk of forced
rebuild 1n the event something goes
wrong.



A reasonable approach would be to
design the system using conventional
two, four and eignt-way taps. Then cost
out the application of the OPD corres-
ponding to those tap sizes.

From Jerrold hlstorical records,
the tap distribution 1in the United
States is 36% two-way, 43% four-way and
21% eight-way. That's what 1s out there
now based on one port per home passed.

Before we can crank out the
numbers, however, there remains one
burning guestion involving the OPD tech-
nology of off-premise converters: how
many ports per home passed? Or how many
TVs and VCRs are going to be 1in each
home at any time during the next 20
years? If you pick a number too low and
design to it, then higher penetration
could mean system redesign or at least
splicing in of more housings. Pick a
number too high and the system's initial
cost becomes prohibitive. And no number
is right; one block may have homes
wanting cable with three TVs and two
VCRs each and the next block may not
subscribe. There 1s no answer to this
one, but some designers use three ports
per home and hope for the best.

Since the intention 1s to replace
conventional taps with addressable OPDs,
1t is important that the probability of
port usage for each tap size be entered
into the model. This would naturally
depend upon penetration; for a perfectly
designed system, all tap ports would be
used at 10Y% penetration. At a typical
55% penetration, we can expect that
about half of the available tap ports
are in use for each tap size. Most
two-way taps have one connection, most
four-way have two and most eight-way
have four or five, per the probability
distribution breakdown shown in Table 1.
The composite probability is the
probability of having some number of
connections in use for a tap of any
size, for example, 5% of the total
taps out there are two-ways with two
active connections and 18% are four-ways
with two active connections, for a
composite of 23% of taps with exactly
two connections.

WABLE 1

SYSTEM SUBSCRIBER TAP
PROBABILITY DENSITY FUNCTLON

| PROBABILITY OF CONNECTED SUBSCRIBERS |

SuUBS AVERAGE
PER 2 4 8 SUBS
HOUSING WAY WAY WAY COMPOSITE PER TAP
(%) 12 @3 -—- .15 -
1 .19 .08 --- .27 .27
2 <05 .18 --- .23 .46
3 219 ——- .19 .30
4 .04 .01 .10 .49
5 .994 -394 .47
6 .94 .04 .24
7 .91 .01 .07
8 906 - 906 .95
TOTALS .36 .43 .21 1.9 2.26
NOTE:

AVERAGE SUBS PER TAP HOUSING
LOCATION = 2.26

AVERAGE PORTS PER TAP HOUSING

LOCATION = 4.12
CALCULATED AVERAGE SUBSCRIBER
PENETRATION = 2.26 55%
4.12
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EQUIPMENT COST

We can now apply the composite
subs-per-tap factor to price out the
system, under the rule of having to
place the OPDs at the exact locations
where two, four or eight-way taps would
be placed in a conventional system. To
do this, we need to price the OPD equip-
ment out depending upon the ports used.
Consider three cases:

Case 1l: Equipment designed with minimum
use of common electronics with
almost all electronics dedi-
cated to each subscriber drop
module. The housing and common
electronics 1is priced at $80,
with $120 per subscriber
module, assumed to be plugged
in on an as-required basis.

Case 2: Equipment designed with maximum
use of common electronics and
relatively little dedicated to
the subscriber drop module.
The housing and common
electronics is priced at $250,
wlith $25 per subscriber module,
assumed to be plugged in on an
as~-required basis.

Case 3: Same equipment as Case 2 eXxcept
that the subscriber modules for
the two, four and ei1ynt port
OPDs are plugged in on initial
system turn-on.

CASE 1 CASE 2 CASE 3

gggg PER PER PER
TOTAL| SUB [TOTAL| SUB JTOTAL| SUB

g $ 81§ U ils$s 81| ©Uijs 8 1ls O
1 200 200 275 275 300 34
2 320 loy 300 158 300 150
3 440 147 325 168 350 li6
4 564 149 350 88 354 88
5 680 136 375 75 45p 90
6 800 133 4900 67 459 75
7 920 131 425 61 459 64
8 1049 150 450 56 459 56

CASE 1 §8¢ Common plus $12¢ plug-in module

per sub.

CASE 2 $25¢ Common plus $25 plug-in module

per sub.
TABLE 2

EQUIPMENT PRICING EXAMPLES
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The prices given represent hypo-
thetical situations and are not intended
to represent any particular manufacturer
or technology. Since there are no
standards, 1t would not be surprising if
the manufacturer of the Case B equipment
would advertise a §$56 per subscriber
unit "less than half the price of his
competitor”, the Case 1 manufacturer.
However, the systems are essentially
equal 1n price.

The fact that Case 1 and Case 2
system cost is 1dentical can be shown by
applying the density function to the
pricing examples to result in Table 3.
In this model, both cases are about $139
per subscriber, in contrast to prices of
$13¥ and $56 that are based on the fully
loaded eight-way OPD (which occurs in
Ww.0% of the situations for conventional
eight-way taps).

Case 3 further tells us that fully
loading the OPD prior tO subscriber
connections only costs $9 per subscriber
more than Case 2 equilpment. The same
exercise applied to Case 1 results in a
$185 per subscriber price, however,
about $45 higher for this mode of
installation.

Both 1installation techniques and
all three cases can be reduced to simple
formulas, requiring as input only the
cost data for the housing (common
electronics) and subscriber module, as
shown 1n Table 3.



CASE 1 CASE 2 CASE 3

COMPOSITE PRICE PR.iCE PRICE

DISTR1BU-~ AVERAGE PRICE PER PRICE PER PRICE PER

TAPS TION SUBS PER |SELL PER sSUB SELL PER sus SELL PER 5UB

USED FACTOR TAP PRICE SuB XPDF PRICE suB XPDF |PRICE SUB XPDF
9] ¥.15 ———— $ g § g $ ¥ois 3 15} $ U |S g v S 3]

1 J.27 0.27 20¢ 204  54.09 275 275 74.25 3pL 36u 8l.uw

2 0.23 Q.46 320 low 36.89 173} 150 34.59 399 150  34.59

3 U.ld 0.39 440 147 14.67 325 198 16.83 35¢ 1l 11l.67

4 d.1lw 3.40 560 1480 14.00 3540 88 8.75 359 vb 8.75

5 ¥.894 0.47 680 136 12.78 375 75 7.85 454 1] 8. 40

6 B.94 g.24 80 133 5.33 400 67 2.07 459 75 3.80

7 ¥.01 b.07 920 131 1.31 425 61 0.61 450 64 ©0.64

8 ¥.3d06 g.05 1849 130 .78 45¢ 56 .34 459 56 .34
TOTAL 1.0¢ 2.26 $139.67 $139.00 $148.36

PRICE PR1CE PRICE
FORMULA ¥.47H + 9.85M = PPS 9.478 + ¥.85M = PPs @.47H + 1.23M = PPo
H = 80 H = 250 H = 25y
M= 12¢ M= 25 M = 25

TABLE 3

MODELED COST PER SUBSCRIBER

CONCLUSION

Operators contemplating off-premise
subscriber equipment should Dbe very
careful when deciding system configura-
tion and should consider using conven-
tional system architecture to avoid the
possibility of getting stuck with a
special system for which rebuild 1s the
only option. Accordingly, systems using
off~premise equipment should be priced
out using conventional system (tap and
set-top converter) design rules. The
examples given show that only a
consistently and properly weighted
per-subscriber equipment cost should be
considered, which 1s generally signifi-
cantly different than that of the
improbable fully-loaded equipment.
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ACCOMMODATION OF VCR'S AND STEREO TELEVISION
IN THE DESIGN OF SUBSCRIBER DEVICES

Larry C. Brown
Vice President, New Business Development

Pioneer Communications of America, Inc.
Columbus, Ohio

ABSTRACT

New devices and technologies in the
home are creating new challenges for
converter manufacturers. For example,
one of the most popular applications of
VCR's is time shifting of programs for
later viewing. But subscribers wishing
to use their VCRs' programmable features

are finding their <cable converter an
obstacle. Another example: With the
introduction of stereo television,

NCTA-commissioned research has identified
many technical problems associated with
carriage of the broadcast stereo method
on cable systems. Yet cable needs a
practical stereo delivery method to keep
its product competitive with
broadcasters, An addressable converter
system design approach is discussed by
which these two consumer phenomena - the
VCR and stereo TV - may be eliminated as
problem areas for the cable operator.

CABLE AND THE VCR

As the penetration of VCR's into

cable homes surges past the 35%
penetration mark, the issue of
compatibility and nmutual friendliness

between VCR and converter is moving into
the forefront.

VCR owners look to cable's
satellite-delivered basic and pay
services as their prime source of program

material for recording. To make such
recording possible in the owner's
absence, nearly all VCR's include a

programmable 'timer' feature that allows
the VCR to be pre-programmed to
automatically tune to a specific channel
at a later specific time., But most cable
subscribers are finding that this
convenience feature <can't be used to
pre-schedule recording of cable vV
programs, because their cable service
requires they have a converter/
descrambler between their cable input and
VCR/TV. Since the converter's actual
output is always a fixed channel

(typically channel 2 or 3), regardless of
the channel actually selected by the
subscriber, the VCR's capability to tune
to a specific channel at a particular
pre-programmed time is rendered useless.
The VCR's built-in timer might still be
of value, except for the fact that:
(1) the converter power must already
be "on", and
(2) the desired channel must already
have been manually selected by the
subscriber using the converter's
tuning controls.

A straightforward solution to this
converter/VCR incompatibility is to build
into the converter a programmable timer
of its own, A fringe benefit of such an
approach is even additional converter
functionality: using that same timer,
the converter can be programmed for other
applications, such as wake-up, snooze, Or
show reminder timing.

The timer feature is highly desirous
in the converter. But price pressures in
the converter marketplace demand the
feature be added for an incremental cost
which is at most minimal, and preferably
nothing at all. Furthermore, subscriber
simplicity is essential if the feature is
included: the subscriber should not be
expected to keep TWO complete electronic
clocks (one in his VCR, one 1in his
converter) synchronized and set for the
correct time to make possible unattended
time~shift VCR operation., For both these
reasons - cost and simplicity - a "timer"
approach other than just another clock is
required. For tunately, the latest
generation of addressable converters
already has inherent attributes which
make such an alternate approach
feasible.

with addressability, the cable
operator has a data communications
conduit established between one central

cable office control location and
thousands of converters 1in subscriber
homes. The latest generation, which

includes the "downloading" feature, makes
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possible easy operator setting and
resetting of many system-related
converter ©parameters (channel/frequency
maps, channel format, etc.) by simple

computer data entry from the operator's
central vantage point. By application of
this "downloading"™ «capability to the
converter's need for a VCR timer, it is
possible to have one central computer
clock at the operator's office keep track
of the day, date and time, and simply
keep all converters advised through
"refresh" updates, "globally" broadcast
to all converters. In data communication
terms, the amount of information being
distributed -day, date, time- is
miniscule, so a refresh interval of every
minute is not an obstacle. Thus no true
"clock", per se, need be present in the
converter...the operator's headend |is
really the one system master clock.
Conventional RAM in the converter can
receive and store the necessary
refreshes, Even if the continuous flow
of refresh updates should be interrupted
by headend equipment failure, the same
10-year-life 1lithium battery backup in
the converter wused to backup other
download functions can keep the converter
aware of the last broadcast time
refresh, A timing loop in the

converter's firmware can then extrapolate
actual day/date/time quite accurately for
many minutes, even 1in the absence of
additional updates from the operator
headend.

The result is a quite simple and
friendly VCR timer feature in the
converter with almost no incremental cost.

One implementation with which the
writer is familiar, the Pioneer BA-5000
series converters, offers two such
programmable timers in the converter;
i.e., at any time, two forthcoming
unattended recording sessions can be in
queue, as pre-programmed by the
subscriber.

Through the use of prompting
characters in the 1l.e.,d. channel number
display on these converters, a subscriber
can easily program in cable <channel
number and start/stop day, hour and
minute for each of the two "timers", as
illustrated in Figure 1. The subscriber
never need worry about his converter
knowing the correct time...it always
knows, thanks to one-way addressability
with "downloading".

USER'S GUIDE - SETTING YOUR CONVERTER PROGRAM TIMERS

There are two independent program timers available.

to you how it has been set, as a "double check”.
SETTING THE TIMER

STEP
You tell the box to enter the "Set TIMer® mode.

The box asks for the CHannel number.
You answer “"channel 5Y,

You answer “Monday" (day number 2).

You answer 20. (8:10 p.m.; 8 + 12 = 20)

The box asks for the Starting Minute.

You answer 10 (8:10 p.m.).

The box asks for the Ending Hour.
You answer 23 (11:15 p.m.; 1T + 12 = 23),

The box asks for the Ending Minute.
You answer 15 (11:15 p.m.).

You tell the box to exit the “*Set TIMer" mode.

REAODING BACK THE TIMER'S CURRENT SETTINGS

2. The box answers: channel 5, day 2 (Monday),
stacting 20:10 (8:10 p.m.)
ending 23:15 (11:15 p.m.)

Once a timer i{s set, the converter will automatically turn the TV
on/off at the designated time and will select the designated channel nu% To set a timer, follow the procedure
illustrated in the example below. If you make a mistake, press

In the following example, you will first set Timer #1 to automatically: * Turn on the TV and tune to channel
number 5...,* Monday evening...,* Starting at 8:10 p.m....,* Ending at 11:15 p.m. Then you will have the Timer “read back"

You tell the box to get ready to SToResettings for Timer #1 of the two available timers.

The box asks for the dAy number (Sunel, Mon=2 etc.; O=Everyday).

The box aska for the Starting Hour. ("Military Time®: PM = AM + 12 hours).

The box tells you that you have successfully preset Program Timer #1.

STEP
1. You tell the box to "read back® {ReCaLl) Timer ¢#1°s settings.

and restart the procedure.

PRESS  SEE DISPLAYED

cH]
em ]
Rl Em IEIII[
G eD

D=
Ala =N

Gs1E]
wEE mry

T8

Ex]

PRESS _ SEE DISPLAYED

rigure 1.
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Figure 2.

VCR VS. COLOR TV GROWTH
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CABLE AND STEREQ TV

The VCR, although only recently
raised to prominence among cable's
biggest issues of concern, has actually
been brewing a 1long time. In fact,
Figure 2 shows how VCR sales in recent

years have quite neatly replicated the
growth color TV enjoyed back in the
60's, Indeed, the VCR has been around

"in quantity" a full decade, yet only now
is reaching the point of major concern to
cable operators. This point is cogent to
keep in mind as one contemplates the much
more recent phenomenon of stereo
television, and its impact on cable.

Last year action by the FCC

positioned the "BTSC" delivery stereo
audio delivery method as a broadcast
industry de facto standard. However,
shortly thereafter, an NCTA-commissioned
engineering s tudy revealed that
accomodating the new broadcast stereo

cable signals would cost operators over
$700 million in system upgrading costs,
despite the fact that it will likely be
many years before .a large quantity of
stereo TV sets capable of receiving BTSC
stereo TV signals are in subscriber homes,

l i |

1864 1865 1966 1967 COLOR TV
1881 1982 1863 1984 YR

-——- COLOR TV SALES

On the positive side for operators,
however, the stereo TV 1issue has also
brought to 1light a significant business
opportunity for which the cable industry
now finds itself ideally positioned...an
opportunity for cable - not broadcast TV
- to become the established place the
consumer turns to to get stereo
television reception and quality TV sound
in general.

The TV networks and their broadcast
TV affiliates are still largely in their
infancy with stereo experience. On the
contrary, cable operators currently have
direct and easy access to a multitude of
stereophonic satellite~delivered
services. A March, 1985, survey among
program suppliers revealed that 12 were
already beaming a stereo audio signal to
cable headends, along with
their <channel's video content. These
suppliers include notewor thy
advertiser-supported services like MTV,
VH-1, Nashville Network, USA Network,
Cable News Network, and pay services such
as Bravo, Disney, Home Theater Network,
and The Movie Channel.

For several years, some cable systems
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Figure 3. Stereo Adapter Installed Underneath a Converter.

have been offering their subscribers
satellite-delivered vV channels with
stereo sound by "simulcasting"” the audio
on additional FM stereo multiplex audio
channels placed on the cable system. As
a result, about 1.5 million 'FM outlet'
subscribers (out of about 36 million
total basic cable subscribers nationwide)
can now enjoy the excellent sound quality
of these FM stereo simulcasts with their
TV viewing. But can they easily FIND the
simulcast signal among all the other FM
stations on the dial? And is it
reasonable to expect them to institute
another 'station search' every time they
change TV channels? And what if a TV
station they switch to 1is not even
accompanied by an FM simulcast station on
the cable at all? These shortcomings are
a primary reason why FM simulcast TV
stereo sound has not already gained a
much broader acceptance among subscribers
already offered the service. But the
addition of a few pieces of headend
equipment, and a subscriber-installable
add-on near his converter, could easily
eliminate these obstacles.
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Let's call the in-home add-on "The
Tracker”. It is a device which can be
added on to most existing models of
converters. From the subscriber's
standpoint, it is simply a 'Stereo
Adapter' that allows him to connect his
TV to his stereo system. Installation is
so simple enough the subscriber can pick
up a unit from his cable operator, take
it home, and install it himself (Figure
#3).

Electrically, it connects 'around' a
subscriber's CATV converter, sampling rf
on both the input and output sides of the
conver ter (Figure 4). Standard audio
cables then deliver left and right audio
channels to the subscriber's stereo
systen,

At the cable headend, stereo channels
- 1i,e., those channels for which the
operator is also simulcasting an FM
multiplex signal - are ‘'tagged' with a
data signal by a relatively inexpensive
additional piece of electronics. All
other channels are processed as usual.
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Figure 4. Stereo Adapter Functional Block Diag.am.

No expensive BTSC processing equipment is
involved anywhere, Troublesome BTSC
signals are kept totally out of the cable
system.

To understand how the Tracker works,
refer to Fiqure #4. Suppose a subscriber
selects for example, HBO. His converter
outputs HBO on channel 2 (1), sending it
on to the subscriber's TV for picture
viewing (2). Meanwhile, a channel 2
audio receiver inside the Stereo Adapter
also receives HBO's sound signal (3).
This receiver in turn feeds a tag data
receiver (4). HBO tag data is then
passed on to a logic circuit (5). The
logic «circuit reads the tag data to
determine at what frequency on the cable
system the FM stereo multiplex simulcast
for HBO can be found. It then tunes the
FM multiplex receiver to the frequency
where HBO stereo audio is being simulcast
(6), and connects the FM stereo receiver

output to the subscriber's stereo system
7.

Suppose instead a subscriber selects
a TV station not broadcasting in stereo.

In this case, the cable operator is not
originating a stereo simulcast signal,
nor generating any ‘'tag' data, for the
channel. Again, the converter outputs

the station on channel 2 (1), sending it
on to the TV (2) and the channel 2 audio
receiver inside the Stereo Adapter (3).
This time, however, the Tag Data Receiver
sees no tag at all (4). This tells the

logic that no simulcast FM stereo channel

exists for this station, so the 1logic
circuit connects the channel 2 audio
receiver output to the subscriber's

stereo system (8).
Naturally, all the above takes place

instantaneously, and transparent to the
subscriber. All he knows is that, as he
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switches channels, he receives superb
sound quality through his stereo system
on all channels, and on some he also
receives true stereo. He has obtained
'‘'stereo television' without buying a new
TV set, And sound quality on ALL
channels is probably better than if he
had purchased a new stereo TV, too, since
his stereo audio system is 1likely alot
better sounding than any of the new
stereo TV sets,.

There's another fringe benefit to the
Stereo Adapter, too. A subscriber can
have remote control of TV volume using an

optional handheld keypad. Even
subscribers who previously couldn't get
volume control, due to limitations

inherent in their r.f. converter design,
now have remote capability via the
Tracker.

Cable, as a "closed circuit" medium,
is not required to use the broadcast BTSC
stereo TV sound delivery method. Cable
is free to offer any alternative delivery
method it wishes. "The Tracker"™ is one
such alternative having many practical
advantages:

* Threatening BTSC signals are kept
completely out of the CATV system.

* The customer service 'nightmare' sure
to result otherwise, is avoided.

* A major expense is avoided in
converter, headend processor, and
possibly plant upgrades to accomodate
BTSC signals.

* Headend equipment to stereo-ize a
cable system is cheaper with
'‘tracking'.

* Many operators already FM simulcast
satellite-delivered stereo channels,
so only an inexpensive tag generator
is required in those cases to
"stereo-ize" a channel.

* Expensive BTSC signal
equipment is not required!

originating

A new revenue source is created for
the cable operator: The subscriber
instantly gets 10 or more stereo TV
stations through his cable operator,
plus superb sound quality on all
channels, WITHOUT spending $1200 or
more on a new stereo TV set.

* The Tracker is subscriber-

installable, no truck roll is
required to retrofit converters for
BTSC.
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* The actual service delivered...
'supersound' on ALL channels...has a
high perceived value to subscribers,
yet zero incremental direct cost to
the operator (the stereo comes along
free to the operator with the TV
channel).

* The greatest portion of marketing
expense to sell subscribers on the
service, that of educating them on
‘'stereo T™v', is 'free' to the
operator...thanks to set
manufacturers', networks', and local
broadcast stations' 1large marketing
budgets promoting "stereo TV" to the
public.

CONCLUSION

The VCR Timer feature and add-on
Stereo Adapter alternative to BTSC stereo
TV are specific examples of a new
generation of technical innovations now
emerging from converter manufacturers.
They are solutions to the very practical
problems involved with the more global
issue of cable TV “interfacing"” within
the home.

For the very "long haul" - beyond 10
years - the author commends the work of
groups like the joint EIA/NCTA
Engineering Committee for its ongoing
efforts toward practical standards for
compatibility and interfacing between
consumer devices hooked to cable
systems, Meanwhile, for at 1least the
next 10 years, innovative solutions 1like
the VCR Timer and Stereo Adapter will
hopefully make coping with "interface"
not only more palatable, but also more
profitable, for the cable operator.
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ADDRESSABLE CONVERTERS: WHY TAKE
THEM OUT OF THE HOUSE?

Nancy Kowalski
Market Management

JERROLD SUBSCRIBER SYSTEMS DIVISION
GENERAL INSTRUMENT CORPORATION

The design criteria for off-premises
converters have been increased signal
security and lower in-home costs.
Products currently available in this
market are clear channel systems selling
at a premium price.

This paper questions the security of
a clear channel system versus currently
available scrambling techniques. It also
presents an economic review of savings
achieved by reducing in-home costs versus
the premium price of off-premises
converters. Finally, the ramifications
of dedicated plant designs required by
off-premises converter are discussed.

These issues must be addressed
before making the decision to remove the
subscriber's converter from the home and
place it on the line.

Currently, six million subscribers
have addressable terminals in their
homes. These units convert and
descramble the broadband spectrum for
input to the subscriber's television set.
Scrambling methods have evolved to a
level of sophistication effective in
preventing most theft of service. By
scrambling the premium spectrum, security
of signal is assured not only in the
home, but also on the cable plant.

Addressable set-top units initially
offered static modes of sync suppression.
The industry offered either 6 dB square
or sinc wave attenuation of the sync
pulse of a channel. The latest offerings
in RF converters provide either
pseudo-random timing of sync suppression
or variable levels of sync suppression
with pseudo-random level change timing.
These methods require the addition of
encrypted data for descrambling the video
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signal. But the audio portion of the
signal is not left alone. Attenuation of
the audio and scrambled video is included
in current RF converters for additional
security. Baseband descramblers add
video inversion and audio scrambling to
the sophisticated RF scrambling
techniques.

These scrambling methods were not
only developed to prevent a subscriber
from obtaining free service from his
legal drop, but to impede the occurrence
of illegal drops and taps.

Off-premises converters receive a
clear channel via the cable system,
convert that channel, if authorized, to a
set 6MHz channel and pass it down the
drop to the subscriber's home.
Attenuation or off-channel tuning are
utilized to prevent unauthorized premium
channels from being carried on the drop.
This method protects services delivered
via the drop, but does not consider
protection of the signal on the cable
system and neighboring drops.

In addition, since the basic output
of an off-premises converter is a single
channel, limitations are placed on
additional sets in the home. Most
off-premises converter manufacturers
offer a second non-adjacent channel
output for second sets (2,4 or 3,5 are
most popular channel allocations for dual
sets). This requires either a second
converter module or a single module
containing dual converters. Also
required is a second data path for
independent communications. Currently,
the second set market ranges between 10%
and 50% with an average of 20%. The
advent of the VCR marketplace will
increase second and third set penetration
levels.

An independent third set can't be
supported on one drop with an
off-premises converter. This requi