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A SECOND GENERATION CATV CONVERTER

INTRODUCTION

Set top converters have been on the market for over five
years. For the most part, they have performed their intended -
function admirably. However, due to changing requirements

and more stringent specifications, we are moving into an era
in which second generation converters are required.

BACKGROUND

Set top converters evolved as a means of solving the direct
pickup problem prevalent in strong signal metropolitan areas.

The method used was to down convert the cable signals to a
L4MHz I-F and then up convert to a channel that was unoccupled
by a broadcast signal. The RF circuitry to perform this func-
tion was enclosed in a well shielded metal compartment. The
basic tuning methods were well established VHF TV tuner con-
cepts and hardware. '

It soon became apparent that the set top converter did not
have to be limited to a meager twelve channels. To achieve
more channels, the initial attempts were to either add another
TV type tuner or to expand the coverage of the existing tuner.
In either case, the L4UMHz I-F was retained. As a result, the
local oscillator signal emanating from the tuner antenna
terminals fell into the CATV signal band. When only twelve
standard channels are used, this is 'relatively unimportant.
When mid and super bands lare used, 1t results in converter

to converter "cross talk".

GAMUT 26 - DESIGN PHILOSOPHY

In reviewing optimum approaches to second generation conver-
ters, a number: of factors should be considered.



GAMUT 26 - DESIGN PHILOSOPHY (cont'd.)

Unlike broadcast, the cable signal levels
operate within a relatively narrow range
(-6 to +12db mV). Thus a dynamic, AGC able
front end is not a requirement.

The future of cable is dependent upon pro-
viding additional channels and services to
the subscriber. It would seem prudent,
therefore, to avoid any energy emanating
from the converter that could penetrate
into the cable system.

The customer interface must be simple to
operate and non-ambiguous.

The cost/performance factor must be equiva-

ient or vetter than 1irsc generation
converters.

DESIGN APPROACH

In developing the Gamut 26, we abandoned the use of a "TV
tuner" as a tuning element. Also, the use of a high fre-
quency I-I' is mandatory if oscillator energy is to be pre-
vented from entering the cable system.

Our approach can best be illustrated by referring to the
block diagram. Figure 1.

The cable signal flows through a set of filters into a passive
double balanced mixer (DBM). It is combined with a local
oscillator frequency to form an I-F of 330MHz. Twenty-six
channel tuning is achieved by simply switching in the appro-
priate oscillator freguency.

The I-F amplifier provides galn and selectivity to the up
converted signal. Combining with a fixed tuned 2nd 1local
oscillator, the signal is down converted to the desired out-
put channel.



DOUBLE BALANCED MIXER N

Little trouble from intermodulation, in the form of sums and
differences of the signal or from its harmonics, are experi-
enced when using the standard twelve channel VHF frequency
allocation. Historically, these frequencies were carefully
chosen to avoid this.

With the use of multichannel coverage, second order distor-
tion becomes a severe problem. In particular, the low band
can react with the mid, high and superband to create spurious
signals which manifest themselves in the TV recelver as
"beats". For example, the sum of a channel 2 and a channel A
signal will produce -an interference 1in channel 7. It hés
been our experience, and that ofi others, that the suppression
of these beats should be in the order of 60db. See Ref. 2.
It is for this reason that we have used a double balanced
mixer as a front end.

Its operation can be described by referring to Figure 2. The
RF signal is applied at the input port and combining with a
strong local oscillator at the second port is converted into
two side bands,equally spaced about the local oscillator sig-
nal. These side bands are available at the third port. 1In
the case of the Gamut 26 the lower sideband (330MHz) is used
as the I-F. It will be noted that the images (upper side
bands) are in UHF, well out of the cable signal band .

~
By virtue of 1its jnherent balance, the double balanced mixer
(DBM) is a device that automatically provides a great deal of
suppression to second order beats. Good,port to port isola-
tion and excellent cross modulation characteristics makes the
device well suited for CATV applications. ‘

BACK TO BACK OSCILLATOR

4

To tune the DBM, twenty-six discrete, ultra high frequenciles
are required (3é6 to 572MHz). These local oscillator signals
must be high level, accurate and repeatable.

This is achieved by using the basic hardware from a VHF tuner
transistor oscillator. Two oscillators were mounted "back to
back" on a common shaft. Instead of thirteen positions com-
mon to VHF tuners, twenty-six become available. The memory
fine tuning mechanism became a means of aligning the oscil-




BACK TO BACK OSCILLATOR (cont'd.)

lators in production. The B+ was fed through the tuning coils
thus providing automatic switching to the appropriate oscilla-
tor. See Fig. 3.

As there is a separate tuning inductance for each frequency,
the sequence of operation is completely independent. This is
an advantage in the Channel Selector readout as the numeric
channels of the low and high bands can be arranged in seguence
as can the letter channels of the mid and super bands.

Detenting is provided by a large index wheel mounted mid-way
down the shaft. By devoting careful attention to this detail
we have achieved reset accuracies superior to VHF tuners even
though the oscillators are working at UHF frequencies.

The circuits are basic, temperature compensated, Clapp type
osclllators using high Fp transistors.

PASS/STOP FILTER

As well as the DBM functioned, we found that we could not
malntain the proper balance in production to guarantee the
60db suppression of beats with an input signal level of +12db mv.

To ensure compliance to this specification we found it neces-
sary to insert, what we term, a pass/stop filter into the cir-
cult prior to the DBM. This device acts as a lowband filter
when the converter 1s tuned to channels 2 thru 6. At any
other channel the filter is switched to an elliptic function
high pass with 1ts zero of transmission tuned to the low band.
Thus, any potential for forming sums and differences of the
input frequencies is completely removed.

The low pass filter connected to the input terminal has a cut-
off of 300MHz and is used to help prevent any oscillator en-
ergy from leaking out into the system.



PARTITION FILTER

The output of the DBM is fed to the I-F via a filter mounted
"4n a metal partition wall. This broadly tuned bandpass filter
has its center tuned to 330MHz. It primary function is to
provide good selectivity at frequencies far removed from the
I-F.

Another feature of this filter 1s the use of an open circuilt
guarter wave transmission line as a circult element. At
330MHz the stub looks essentlally like a capacitor. At the
frequency of the 2nd LO, and 1its third harmonic, the stub be-
haves like a short circuitjand provides a zero of transmission
to these frequencies. This 1is invaluable in preventing the
2nd LO from penetrating into the DBM, and causing internally
generated beats.

|

INTERMEDIATE FREQUENCY AMPLIFIER

The I-F.video frequency is 331MHz and the sound 1s 326 .5MHz .
These particular frequencles were chosen so that the sums of
the R-F signal frequencies that fall in this vicinity are con-
verted into the sound trapland the adj.-channel sound traps
in the TV receiver's I-F.

The input to the I-F is tied directly to the base of a common
emitter transistor amplifier. The low noise transistor oper-
ates under self bias conditions with a large voltage drop in
the collector circuit. This method was used so as to foil
any instabilities due to feeding the collector with a choke -
a problem with high FT devices.

The selectivity prior to the 2nd mixer is achieved with ,
double tuned capacity coupled circults. Attempting to achieve
high selectivity (1.5% bandwidths) at 330MHz with lumped LC
filters results in high insertion losses. To overcome these
losses two stages of gain are used.

The mixer is a common emitter transistor whose output is
tuned to desired output channel. In most cases this is chan-
nel 12. The output filter is again a two pole, high side
capacity coupled circuit.

The 2nd LO is a Clapp type oscillator operating at 536 .25MHz
(when using Channel 12 -as the output). Fine tuning 1s achieved

I |



INTERMEDIATE FREQUENCY AMPLIFIER (cont'd.)

by varying' the base current by means of a fine tuning pot.
This changes the capacity of the depletion area of the p-n
Junction which in turn changes the frequency of oscilla-
tion to the point that fine tuning is achieved.

The output from the mixer tank is connected to the ocutput
terminal via an attenuator pad. The value of this pad is
such that the overall gain is limited to an average of 6db.

The I-F amplifiers, 2nd LO and the mixer circuitry are all
mounted on one printed circuit board. Although the fre-
quencies used would normally preclude the use of a PC board,
careful placement of parts and the optimum.use of the ground
Plane has resulted in a circuit that is stable and uniform
in production.

s

POWER SUPPLY

The power supply is a 2lv, series regulated type drawing 35ma.
To prevent direct pickup the entire supply is placed in a
separate compartment and completely shielded from the rest

of the circuitry.

_LAn AC convenience outlet, controlled by the ON-OFF switch,
renables the converter to be used as a remote control device.

FUTURE USES

We feel that we have fulfilled the design criteria and have
produced a viable product that not only- fulfills todays needs
but it also can serve as a fundation for other services.

For example: By changing the output channel to UUMHz we
would have a tuner for an All CATV receiver.

The addition of decoder modules would permit the use of pay
TV channels.

The basic unit can sérve as the subscriber interface in two
way systems.
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EnDe-CODE TELEVISION SIGNAL ENCODING AND DECODING

N FOR CABLE SYSTEMS

Abraham M. Reiter
* Director of Advanced Engineering

Athena Communications Corporation

ABSTRACT
A low cost system for encoding and decoding the picture and sound
signals on CATV channels is described. A simple encoder is con-
nected to the modulator for each encoded channel and an all-channel
set top decoder can decode all channels--standard and non-standard.
No modifications to the cable system are required.

The heart of the system is the patented "gray blank" method of :
encoding video by replacing the synchronizing and blanking compon-
ents of the composite video signal with a steady voltage midway
between black and white. The color reference burst is superimposed
on the steady voltage. Proper synchronization on a normal tele-
vision receiver is lost because the receiver attempts to lock on
the blackest portions of the video signal. The sound is encoded by
positioning. the FM sound carrier 1 MHz below the video carrier.
Pulse signals that are used to restore the video to normal are
amplitude modulated on the repositioned sound carrier. Decoding is
accomplished without demodulating the video or audio.'
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SUMMARY

EnDe-Code is a system for transforming any 6 MHz channel into a
private channel that is available only to those who have decoders.
The system consists of an encoder that is connected to the modu-
lator of the channel to be enfoded and a decoder that is connected
to the antenna terminals of the television set.

Composite video is modified by the encoder resulting in the gray
blank video waveform shown in figure 1. Horizontal sync and blank-
ing and vertical sync (not shown) are replaced by the gray level,
i.e. the level midway between black and white. In the modulator,
gray blank video is modulated on a 45.75 Miz carrier and converted
to the desired output channel in the usual way.

The encoder also takes the frequency modulated 41.25 MHz sound
carrier from the modulator, converts it to 46.25 MHz and amplitude
modulates video restoring pulses. The 46.75 MHz is sent back to
the modulator to be converted to the desired output channel along
with the video carrier. The 41.25 MHz is suppressed.

The encoder is provided with a switch that returns the channel to
normal service without the need to make any other adjustments or
change any cables.

]
A standard television receiver that is tuned to the encoded channel

is deprived of normal sync and receives no sound.

The decoder restores the sync and blanking to the video carrier
(45.75 MHz) using the pulses on the 46.75 Miz carrier, and sound
is restored by repositioning 46.75 MHz to 41.25 MHz. The restored
carriers are converted to a convenient standard channel and del-
ivered to the TV set. The entire decoding process is accomplished
without demodulating the sound or video information.

ENCODER

Interconnections between the modulator and the encoder are shown in
a general way by figure 2. The encoder is compatible with any mod-
ulator that generates standard IF carriers (45.75 MHz video and
41.25 sound) and converts these carriers to the output channel.

Video is connected directly to the encoder but audio is connected
to the modulator where it frequency modulates the sound carrier in
the normal way. The FM 41.25 MHz carrier from the modulator is
diverted to the encoder.

The encoder does three things:

-it generates gray blank video
-it converts 41.25 MHz to 46.75 MHz at the same level

-it amplitude modulates video restoring pulses at a modulation
level of 30% on the 46.75 MHz

I T



15

In the encode mode the encoder delivers gray blank video and

46.75 MHz to the modulator. The 41.25 MHz carrier is suppressed.
In the normal mode the encoder delivers normal video and 41.25 MHz
to the modulator and 46.75 MHz is suppressed. In either mode there
are just two carriers.

The method of combining carriers for conversion to the output channel
depends upon the modulator design. If a single mixer is used the
lines carrying 45.75 MHz, 41.25 MHz and 46.75 MHz are combined and
go to the mixer. If separate mixers are used for video and sound,

the 46.75 MHz line may be combined with either of the other two
lines.

Manipulation of signals within the encoder is shown in the block
diagram in figure 3 and waveforms that aid in understanding encoder
operation appear in figure 4.

Gray Blank Video

Gray blank video is generated in a switching circuit. The input
video is clamped on the back porch of blanking to provide a refer-
ence voltage to which the gray level can be referred. When
suppressing pulses are applied, the switching circuit output
switches to the gray level. The color reference burst is super-
imposed on the gray level.

Figure 4 shows several lines of normal video, suppressing pulses
and gray blank video starting just before field 1 and ending just
after vertical blanking. The start of field 1 is defined by a
whole line between the first equalizing pulse and the preceding
horizontal sync pulse. All horizontal retrace intervals and the
entire six line interval at the start of the field are gray.

Restoring Signal

The restoring signal, also shown in figure 4, is slightly modified
sync that is band limited to 200 KHz before it is amplitude modu-
lated on the 46.75 MHz carrier. Aside from band limiting, the
difference between the restoring signal and sync is that the three
half-line equalizing pulses following vertical sync are not present
in the restoring signal. These pulses are left in the video as
part of the gray blank video signal.

4
The band limiting filter delays the restoring signal and further
delay occurs in the narrow band circuits in the decoder., To com-
pensate for these delays the encoder advances the restoring signals
approximately five microseconds with respect to the suppressing
signals.

Front Panel Controls

There are three adjustments to assist in setting up gray blank video.
They control the suppressing pulse width, suppressing pulse position
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and gray level, respectively. A video gain control is provided to
set the depth of modulation. 1 2

The functional mode of the encoder is controlled by a three-station
pushbutton switch. One station selects the normal mode, another

the encoded mode and the third switches power off. Indicator lights
display the selected operating mode.

L

DECODER

The decoder operates on signals in the standard television IF band,
41 MHz to 47 MHz, so it is necessary to convert the encoded channel
to that band before decoding. After decoding, the restored channel
is converted to a standard VHF channel and delivered to the antenna
terminals of the TV set. If more than ohe channel is encoded, the
same decoding circuits are used, but a tuner is required to convert
each encoded channel to the 41 MHz - 47 MHz band. The output con-
version remains the same regardless of the number of encoded
channels or their frequencies.

Video Restoring

»

Figure 5 shows a block diagram of the decoder and figure 6 shows
some waveforms that aid in understanding how the video is restored.

The augmenter is a three level RF switch, i.e. a circuit that can
be switched to any one of two higher gain (or lower loss) states
from a given reference state. If the gain is increased by 4.7 Db,
the gray level will become the blanklng level and an increase of
7.2 Db results in the sync level.

Two sets of pulses are applied to the augmenter to restore the
blanking and sync levels, respectively. The pulses are derived
from the restoring signal that is amplitude modulated on the

46.75 MHz carrier. After demodulation the restoring signal passes
through a 0-200 KHz filter. Sync is made by clipping and squaring
the restoring signal and blanking is made by stretching sync.

The restored video has a front porch that remains gray. Since the
front porch occurs before retrace, it is not visible. If the
receiver were underscanned, it would show as a gray, rather than
black, border on the right hand side of the picture. The gray
front porch is just as effective as black as a guard band, prevent-
ing the video content from affecting the position of sync in the
sync separator circuits.
The color burst is keyed up to the blanking level and its amplitude
increases as a result of augmenting. Anticipating this, the color
burst is reduced in amplitude in the encoded video.

1
The bandwidth of the augmenter is 4.2 MHz and there are traps for
46.75 MHz and for adjacent high channel video, 39.75 MHz.
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Sound Restoring BN L : 1 -

3 4 I
A simple heterodyne operation with a 5.5 MHz oscillator is all that
is required to move the 46.75 MHz carrier to 41.25 MHz. ?The 5.5
MHz oscillator is crystal controlled to provide an accuracy of 550
Hz to the repositioned carrier. Tuned circuits in the output of

the sound mixer reject 46.75 MHz. - r
L ! A} <
Functional Integration 1 N
Ty

[
The decoder shown in figure 5 may be considered as a component that
can be integrated with other equipment in a subscriber's home. For
example, a decoding module’could be built into a converter to pro-
vide a very attractive combination. The augmenter is on at all times
and functions as an amplifier: The remaining circuits are tuned on
for decoding only. A program is now under way to put a decoder
module in the Gamut 26 converter manufactured by Oak Electro/Netics.
Iy ' . M .
Another attractive possibility is a transponder with a decoding
module. In addition to its other functions, the transponder could
also sense when-the decoder is on.

SYSTEM CONSIDERATIONS

Security - L

f

The security of the EnDe-Code system is adequate: to block a number
of possible approaches to unauthorized reception:

-

l. No adjustment of the television receiver can possibly
restore the picture or the sound.
l - 4
& 2. No commercially available standard equipment can be pur-
chased to decode picture or sound. ° .

3. Although the bill of material is simple, the construction °
and alignment of the decoder from a kit of parts requires
sophisticated equipment and'considerable electronic skill.

4. The proprietary nature of the system is an effective deterr-
ent to unauthorized manufacture and distribution of decoders.

1

: v .
It is essential that adjacent channel interference from an encoded
channel to a normal channel, from a normal channel to an encoded
channel or between encoded channels should not be greater than that
between normal channels.

Interference -

i

One “general observation can be made. A carrier modulated with gray
blank videorhas a peak power:that is limited to the black level which
is about 30b less than sync. On the average it is much lower than
that because video signals rarely have sustained intervals of black.




18

As a result, encoded video carriers will interfere much less with

adjacent channels tlhan carriers modulated with normal video. For ‘
the same reason, encoded video carriers will contribute less to

intermodulation and beats.

In figure 7, the positions of the carriers in four adjacent channels
are shown. Two of the channels are encoded and two are normal. The
case that appears to have the greatest potential for mutual inter-
ference involves an encoded channel and a lower adjacent normal
channel because the sound carriers are only 0.5 MHz apart. That
case will be discussed in some detail.

Consider first the effect of the normal sound carrier on the encoded
channel. In the decoder, the 46.75 MHz amplifier must reject the
adjacent sound carrier which appears at 47.25 MHz. Failure to
reject 47.25 MHz will result in a 0.5 MHz-beat on the restoring
pulses. The design of the decoder is such that if the beat is
smaller than the restoring pulses, sync will not be affected
because the 200 KHz band limiting filter is adequate to remove it,
after detection. Since the 47.25 MHz and 46.75 MHz carriers are
about equal in level on the cable, very little attenuation of 47.25
MHz is required.

A more subtle, but far more serious possibility results from an

undesired output in the sound mixer. The 47.25 MHz combines with

5.5 MHz yielding 41.75 MHz. That is just 420 KHz from the color

subcarrier. To insure that it will not be visible requires that

it be 40 Db below the video. Since it is 15 Db lower on the cable, ‘
the decoder must provide 25 Db of attenuation, which is well within

its capability.

Consider next the effect of Ehe encoded sound carrier on the normal
channel. The sound in the normal channel will not be affected because
the 4.5 MHz sound IF in the TV set can easily reject a signal of
equal level that is 0.5 MHz away. To be sure that a visible beat

does not appear the encoded sound must be no greater than -8 Db

with respect to the video carrier in the normal channel, and the
encoded sound satisfies that requirement.

Compatability with Existing Systems

EnDe-Code can be applied to any television channel and all the
required signals are transmitted within that channel. This is why
it can be installed in any CATV system without changing any hard-
ware from the head,end to the subscriber's matching transformers.

Cost

"

The cost of the decoder is clearly the most important element of
the EnDe-Code system cost. The design was guided by the principle
that manipulating video and sound signals on modulated carriers and
at low level is simpler, less expensive and gives better results

-
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than manipulations that require demodulation. The decoder is low
in cost because of success in adhering to that principle.

CONCLUS ION

EnDe-Code, a low cost system of encoding and decoding television
signals in CATV has been described.

It has been shown that it can be applied to any channel, standard
or non-standard, to any number of channels and that a channel is
readily switched between normal and encoded service in seconds.

It has also been shown that EnDe-Code does not interfere with normal
CATV service or require any changes to the CATV system other than
installation of encoders and decoders.
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ABSTRACT

CATV ANCILLARY SERVICES

H. J. Moeller
EDC Company
Hatboro, Pennsylvania

The paper provides a description of future services to be offered,
including telemetry circuits, secured closed civcuits and communi-
cations channels and the basis upon which such services will be
available,

Current state-of-the-art of terminal devices are presented in a

definitive manner relating to services that will either simplify
everyday social and economic activities and/or contributions to

the entertainment and cultural needs of the subscriber. A base

for broadband communications services in 1972, 1975 and 1980 are
presented along with projected economics, hardware and software

considerations,
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THE SUBSCRIBER RESPONSE SYSTEM

R. T. CALLAIS AND E. W. DURFEE
HUGHES ATRCRAFT COMPANY

The Need

Communication between individuals or groups in today's world
takes place in a variety of ways, each of which involves a par-
ticular medium. Many of our habit patterns and our general way of
life are strongly affected by the communications media to which we
are exposed to or choose to use.

The well-known mass communications media include radio, tele-
vision, telephone, motion pictures, correspondence (mail), news-
papers, and large circulation magazines. With the exceptions of
the telephone and mail, these media are largely one-way communica-
tions systems from which the general public, may.receive informa-
tion but cannot readily communicate back in the same medium.

One-way communication media have serious drawbacks for those
on both ends. The receiver cannot make his individual opinions and

needs known without resorting to another medium. And the originator ,

does not have access to those opinions and needs which could be
exceedingly valuable. A two-way mass communication medium would,
in contrast, not only allow the receiver to express his views, and
possibly get what he wants, it also allows the originator to
modify his operation for whatever effect he chooses.

The presently available two-wey media (mail and telephone)
have serious shortcomings for mass communication. The traditional
distribution system for mail is slow and expensive, particularly
where mass distribution is required; and the telephone is much
better suited to communication between individuals than to mass
communications.

The public is at a considerable disadvantage under a unidirec-
tional mass communications system. The medium constrains the
public to act in essentially a passive role. Reactions and
responses to the "downstream" information are either absent,
indirect or must get back "upstream" via telephone or mail, with
the penalties noted. As a consequence, only a very small per-
centage of any mass audience responds in any detectable way, and
it is extremely costly and time consuming to obtain anything like a
precise determination of response.

The reaction of the public to advertising, entertainment,
sports or other types of programming is ascertained presently by
very limited surveys conducted after the fact. It is consequently
difficult for private corporations or governmental agencies to know

what the public accepts, rejects, or is willing to purchase until the
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acid tests of sample polls, sales reports or vote tabulations

reveal the facts. Even reasonably rapid responses are not generally
possible, and the validity of extending the results from selected
population samples to the entire public may be questionable.

The explosive expansion of the freeway system and the wide
acceptance of air travel has resulted in a complete change in busi-
ness and social habits. It is commonplace for a businessman to fly
cross country for a short meeting - whereas in earlier times the
business would have been conducted by letter or telephone. In a
similar manner, the housewife makes use of her automobile to travel
relatively long distances for food and other shopping services,

Increasing public interest on the effects of pollution as well
as the growing inconveniences due to congestion in the airways and
freeways may well augur another change in life style, particularly
if an acceptable substitute can be found. The key to & new life
style could well be an adaptive two-way communication system in
which people could perform a greater portion of their work, make
more of their purchases and receive even more of their entertain-
ment without leaving their homes or offices.

Another universal need which is not adequately satisfied by
current media is emergency communication of medical, fire, intru-
sion, and other alarms to the proper agency without delay and at
a reasonable cost.

Other examples could be cited in which presently available
communication methods do not adequately satisfy human needs. Even
more disturbing is the realization that technological limitations
inherent in the present media not only prevent resolution of these
difficulties and shortcomings but also allow for little foreseeable
growth to answer needs which have been clearly recognized by both
government and industry alike. Moreover, such communications
requirements will in fact constitute the very corner stone upon
which the life styles in this and future decades will be based.

In its response to the F.C.C., (Docket #18397 - The Future of
Broadband Communications) the IED/EIA stated that "--- The mush-
rooming growth in available information and the demands for access
to this information is bringing about a revolution in communica-
tions which will produce a profound change in the very way society
is structured and in the way we live."

The need, concisely stated, is for a widely available, broad-
band, two-way communications system that can rapidly handle large
amounts of information in both directions. In other words, a mass
communication system that can actually be used by the masses., It
need not compete destructively with existing media but could, com-
plement the impressive communication services we already enjoy.

Such a system would have to meet the present and emerging needs
for sound, pictorial, and data transmission and allow for undefined
future growth by economically viable modular expansion.
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The Means

Cable television, the one-time stepchild of broadcast television,

now appears as the leading candidate to solve the major communication
needs cited. Here again the IED/EIA states that, "The terms "CATV"
for Community-antenna television and "CTV" for cable television fail
to do Justice to the potential of the medium." The great natural
assets of CATV is that its facilities are either in now or are
planned and the new two-way services can be provided requiring only
a relatively small incremental unit investment. Further, it can be
expected that the additional revenues resulting from both these new
services and associated increased market penetration will provide
the system operator with greater financial resources necessary to
keep pace with anticipated growth demands. The 300 MHz electromag-
netic spectrum contained within the radiation-tight cable does not
violate free space as does the emanations of off-the-air television.
Once having exhausted the initial 300 MHz capacity to meet present
needs, additional 300 MHz bandwidth units can be added by the exped-
jent of additional small diemeter coaxial cables.

The technology for installing a cable system is similar to
that now providing universal telephone and power service to the
entire country. It requires no technological breakthrough to
conceptually substitute coaxial cable for wire and visualize a
nation wired for broadband cable service limited only by customer
demand. The next logical step is the expansion of such a service
into two way operation.

Two-way use of cable television is already technological
feasible: either by simply utilizing separate downstream and
upstream cables or by simultaneous bi-directional signalling on a
single cable with frequency multiplexing and two-way amplifiers
and filters.

Viewed broadly, therefore, the solution to interactive, uni-
versal communication is in hand. There remains however, the
choice of a specific implementation: the selection of a specific
sub-technology to accomplish this two-way communication. But
this is really a second priority decision. The first requirement
is to define what the system is to do in a market which has not
yet been proven. Which of the inadequacies of the present media
and which of the foreseen needs should be addressed first in the
choice of system design parameters and techniques?

Another fundamental question is that of design obsolescence.
Should considerations of low cost installations in this fledgling
market override the risk of relatively early obsolescence as public
acceptance and usage grow rapidly? Or should & system be devised
wherein growth capability and modular expansion are integral parts
of the design plan.
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Recognizing the uncertainties of customer acceptance and the
time span required to fully exploit the services offered, Hughes
has elected to approach the problem from a systems viewpoint. We
have, designed a complete two-way communications system rather
than a single device or service.

The total system approach has produced a design that can
grow to meet the long term goals and does not attempt to prejudge
the relative value or eventual marketability of services to be
offered.

The System

The Subscriber Response System (SRS) is designed to permit the
cable system operator to add two-way communication capability with
a modest initial investment and yet be able to expand in a modular
fashion as the number of subscribers, the traffic, and the demand
for additional services increase - all without obsolescence of
previously installed equipment.

The Subscriber Response System is shown in Figure 1 incorporated
into a typical CATV system, The two-way communications take place
between a computer complex termed the "Local Processing Center" (LPC)
and the Subscriber Terminals located in the subscribers' residences
or places of business. The LPC equipment shown in Figure 2 can be
located at the Head End, at the Local Origination Studio, or remotely
from the local CATV system.

Depending on the choice of location, signals between the LPC and
the Head End are fed by cable or microwave relay. At the Head End,
the downstream SRS signal is frequency multiplexed with the normal
CATV video spectrum and sent downstream through the cable network,
including the existing trunk and distribution system.

At the subscriber's home or business location, the composite
signal at the normal drop line cable is routed to the Modem Unit
of the Subscriber Terminal shown in Figure 3.

The Modem frequency converts a 26 channel TV spectrum and
furnishes a fixed frequency signal to the TV set, normally chan-
nel 8 or 12, thus eliminating a separate frequency converter.

The Modem performs all of the radio frequency modulation and
demodulation and most of the digital signal processing required at
the Subscriber Terminal. It also furnishes the interface for all
accessories used in the system. The Modem requires no operating
controls and is designed for installation at an unobtrusive loca-
tion, nominally behind the TV set.

All operating controls for the terminal are located at the
Subscriber's Console shown in Figure 4. The Console is intercon-
nected to the Modem by a small diameter cable which allows approxi-
mately 50 feet separation tetween the units depending on the instal-
lation requirements at the subscriber's location.
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Figure 3. SRS Subscriber Terminal Modem

Figure k.

SRS Subscriber Terminal Subscribers' Console
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In addition to a TV Channel Selector Switch the Console
contains a keyboard and a small strip printer allowing the sub-~
scriber to engage in two-way communications with the Local
Processing Center.

Communications upstream from the Subscriber Terminal to the
Local Processing Center are transmitted back from the Modem either
over the same cable network with suitable upstream amplifiers and
filter networks to by-pass the existing downstream amplifiers,
or over a separate cable in a two cable system.

The resulting spectrum of signals on the cable is shown in
Figure 5. The downstream SRS signals occupy & 4 MHz bandwidth
from 108 to 112 MHz. The downstream form of communication is
digital pulse code modulation (PCM) at a 1 Megabit per second
rate. The digital data is then used to frequency shift key (FSK)
a 110 MHz carrier. '

UPSTREAM DOWNSTREAM

VIDEO
CHANNELS

}

CONVENTIONAL LOW BAND
CONVENTIONAL HIGH BAND
VIDEO CHANNELS 7-13

UPSTREAM SRS

VIDEO CHANNELS 2-6

FM BAND

DOWNSTREAM SRS
ADDITIONAL 10 POTENTIAL
MIDBAND VIDEO CHANNELS
ADDITIONAL 9 POTENTIAL
SUPER-BAND CHANNELS

5 25 54 88 108 112 174 216 270

FREQUENCY (MHz)

Figure 5. Cable Spectrum Allocation

The upstream signal occupies a 4 MHz bandwidth extending from
21 to 25 MHz, Again the communication is via digital PCM at a data
rate of 1 Megabit per second. In this case the digital data is
used to phase-shift key (PSK) a 23 MHz carrier,

A typical communications sequence that illustrates the basic
principles of operation of the SRS system is shown in Figure 6.

All communications are initiated in the Subscriber Response
System at the Local Processing Center. The LPC sends an interroga-
tion message addressed to each subscriber in sequence at a periodie
rate. The meaning of the interrogation message is basically the
query "Do you have requests?" The Subscriber Terminal will always
reply to the interrogation with any of a number of possible requests
or statements. The subscriber's replies will be sent upstream
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® INTERROGATION OF NEXT 1000 SUBSCRIBERS

Figure 6. Typical SRS Communications Sequence

bearing the subseriber's address followed by a number of bits

devoted to the content of the message. The absence of a return
signal from the subscriber will indicate either a physical break in
the cable path to his location or a defective Subsecriber Terminal.
The Local Processing Center will recognize the absence of an expected
signal and take appropriate automatic action: it will post a main-
tenance alert for service personnel and will also flag a potential
emergency alarm to cognizant police or protection agencies when such
service is requested,

If a particular subscriber has initiated no requests when
his terminal is interrogated, the terminal will automatically
reply, giving a terminal status report. The terminal status
report will indicate the state of the terminal with regard to
proper functioning of the terminal circuitry, the condition of
accessory devices, and other diagnostic information. The LPC
will note the terminal status and take appropriate action.

When a subscriber has initiated a prior request his reply
to an interrogation will indicate his address and the particular
request, rather than the terminal status report. In the example
shown in Figure 6, he requests permission to view a "restricted
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channel", which might be programmed at that time for a medical
lecture restricted to eligible doctors or other eligible profes-
sionals. In this case, the LPC will check his request and
eligibility to view this program on the particular channel at

that time. If the subscriber is eligible, the LPC will remember the
subseriber's address for future action. If he is ineligible, the
LPC will teke no further action.

Each subscriber is interrogated in turn until a group of
1000 subscribers has been processed. Following the interrogation
period, the LPC then services the subscribers' requests. In the
case illustrated in Figure 6 the LPC will send a downstream mes-
sage to the subscriber enabling his TV video reception for the
restricted channel requested; at the same time the LPC will pre-
pare a billing record (assuming there is a charge for this program)
on megnetic tape indicating the subscriber's address, the channel
requested, and the time. (Alternate information could be
substituted readily for differing requirements). At the end of
the weekly or monthly billing period the magnetic tape could be
used either at the LPC or another location to prepare actual
billing statements for forwarding to the gubscriber.

When 1000 subscribers have been interrogated and serviced,
the process is repeated for the next 1000 subscribers and so on.
The maximum capacity provided in the present system is approximately
65,000 subscribers per Local Processing Center.

For the larger capacity systems which will eventually be
required in densely populated metropolitan areas, it may prove
more efficient to centralize the Local Processing Center so that
it can service a number of Head Ends. The centralized LPC would
use a full-sized computer system rather than a minicomputer; it
would be a faster unit with greater computing power, more storage
capacity, and a greater selection of peripheral devices. Con-
versely the data handling equipment required at each Head End
would be considerably reduced. The central LPC would be intercon-
nected with the Head End two-way data interfaces by cable or
microwave relay.

While it was previously stated that the Local Processing
Center rather than the subscriber initiated all communication con-
tacts, the communication sequence is so rapid that the subscriber
subjective reaction is that he initiates all contacts. Typically
for a system of 10,000 active subscribers the time required for a
subscriber to receive a reply in response to his manually initiated
request (i.e. depressing a key) will be less than 2 seconds, even
in the prime times of heavy evening hour traffic.
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The SRS system design provides functions necessary to provide a
long list of potential services. Even services which appear to be
purely visionary at the present time can be provided by later
versions of SRS Subscriber Terminals without obsolescence of the
earlier terminals or a major redesign of the system,

A listing|of services that can be provided by existing designs
of the SRS system is shown in Figure 7. As indicated earlier the
SRS Console provides remotely controlled channel selection. At the
present time, ﬁrovisions have been included to select 26 possible
channels by a voltage-controlled varactor tuner located in the
Modem Unit.

REMOTE CHANNEL SELECTION
® PREMIUM TV
® RESTRICTED TV
® CHANNEL POLLING
o OPINION POLLING
® EMERGENCY ALARMS
® METER READING
! ® ACCESSORY POWER CONTROL/TIMING

® TWO-WAY MESSAGE CAPABILITY

® SYSTEM DIAGNOSTICS
® SYSTEM CONTROLS
® MASTER ENABLE/DISABLE
© TRANSMIT ENABLE/DISABLE

® ERROR RESISTANT TECHNIQUES

Figure T. SRS Present Services Capability

Six of these channels have been reserved for Premium Television
usage, whereby the channel, at the control of. the Local Processing
Center, may be made available to the subscriber on a fee basis for
premium cablecasting such as the showing of first run movies, live
drames, musicals or sporting events. The subscriber is required to
indicate by a positive action. (depression of a Premium TV key) that
he wishes to purchase a program on the channel to which he is tuned.
His request is immediately granted by an enabling of the video on
his set, and he is automatically billed at the LPC. Provisions
have also been included to allow free previewing periods on all
Premium channels which can be individually varied in time of occur-
ance and duration by the cable operator.
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The restricted channel concept, alluded to earlier, is similar
to that of Premium TV. It involves, however, eligibility as an
additional requirement. The possible usages areé numerous, including
use by professional groups and societies, home educational pro-
grams, religious or other specialized interest ‘groups, business
meetings and home seminars, and adult video progremming. Two
channels are provided for restricted use in the present SRS design.

Both Premium and restricted channels, however, may be converted
back to standard TV channels at any time by control signals from the
Local Processing Center.

The restricted channel concept and implementation can be readily
extended to include the enabling of groups of channels on a long
term or permanent basis. This would allow the cable operator to
base monthly rental charges on the number of channels to which the
subscriber wishes access.

Channel Polling, somewhat analogous to the well-known Nielson
type ratings is provided in the SRS system. In contrast to the
limited sempling provided by currently available polling systems,
the SRS system can provide polling of all subscribers in a CATV
system on a program basis. It can also sample viewer response
every few seconds if desired to obtain the response to political
announcements, spot commercials, etc. The results of the channel
survey can be displayed in a variety of ways. For example, within
5 gseconds of the actual survey, a graphics display terminal shown
in Figure 8 available as an accessory at the Local Processing Center,
can be programmed to produce a histogram, illustrated in Figure 9.

A hard copy readout is also available. The demographics of CATV
system subscribers can also be correlated with the channel polling
results or used to determine selective polling of particular sub-
scribers or groups of subscribers.

Opinion polling in the SRS can range from simple "Yes", "No", or
"Undecided" answers to TV video originated questions, to coded
replies to more elaborate video or mailed questionnaires, Correla-
tion and display of opinion polling results can be handled as
flexibly as the techniques described for channel polling.

Any existing emergency alarm system - fire, intrusion, medical,
etc. - can be monitored by the SRS system. The emergency signal is
given priority over all other transmission, it is sent by the SRS
Modem upstream and notifies the LPC of the address of the
subscriber and the time and identification of the alarm or alarms.
The LPC verifies the validity of the alarm, by immediate reinterro-
gations and sends a notification to the proper governmental, medical
or protection agency - within seconds after the occurrence. The
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LPC also verifies that proper action has been taken by sending a
confirmation signal to the subscriber's terminal which basically
resets the terminal releasing it from its locked condition and
enabling it to be used normally. As mentioned earlier, a cut
cable or non-functioning terminal would be detected at the LPC
and treated as an emergency condition.

Various forms of data including meter reading can be auto-
matically read out of the Subscriber Terminal by LPC command.
Up to 20 digits per Subscriber Terminal can be transmitted upstream
in a single burst which would provide for four-five digit utility
meters for example. With an appropriate accessory switching unit,
entire apartment dwellings could be read out through one SRS
terminal.

By prior arrangement with the Local Processing Center, the
subscriber can be provided with accessory power control or timing
signals at any desired time. The potential application of this
service include the control of power to accessories. For example,
a video tape recorder could be turned on automatically to record a
desired program. Other uses include wake up alarms, automatic
sprinkler systems, and so on.

The SRS system is also provided with a two-way message capa-
bility. Upstream messages are initiated by the subscriber at the
small numeric keyboard shown in Figure 4, The subscriber may enter
messages in groups of up to twenty characters at a time. Assuming
the message required more than 20 characters, the "Busy" indicator
would light after entering the first 20, With a second or two the
"Busy" lamp would be extinguished, indicating the LPC has received
the message, and the remainder of the message could then be entered.
As the subscriber enters the keyboard data, each character is printed
on a half inch paper strip, allowing him to check for errors and
providing a permanent hard copy record of purchases or other financial
transactions.

Alphenumeric character messages may be transmitted downstream
by the LPC, and would also appear on the strip printer. Alterna-
tively, it is planned to offer as an optional accessory at the
Subscriber Terminal a paragraph printer which would permit the
downstream transmission of lengthy downstream messages at rates
of 100 words per minute or greater.

The utilization of two-way message capability has manifold
applications, some of which are listed in Figure 10. A full dis-
cussion of the applications is beyond the scope of this paper,
but the generalized approach involves some form of coding and
the insertion into the message of numerical data which specifies
the request. The coding required could be furnished by mail in
printed catalog form. Naturally occurring numerics such as
credit card data, quantities, dates, time of day, etc., could be
entered normally. Punctuation marks available from the keyboard
would be used to separate logical message groupings for proper
interpretation at the Local Processing Center. A typical message
sequence using such coding is shown in Figure 11.
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® HOME SHOPPING
® EDUCATIONAL INSTRUCTION
® RESERVATION SERVICES

® STOCK MARKET TRANSACTION., °ORTS
® QUIZ SHOWS

®  MAIL/ADVERTISING
® DATA BANK ACCESS

Figure 10. SRS Two-Way Message Capability

SUBSCRIBERS REQUEST MR. R. WILLIAMS WISHES TO PURCHASE 2 TICKETS TO THE L.A. LAKER GAME ON 12/6/71
AT $5.50 EACH IN SECTION 21,

SUBSCRIBERS KEYBOARD ENTRY < 15 t 120671 [ 2 : 550 { n >

KEYS USED START LAKER SPACE DATE QUANTITY MRICE LOCATION END  PURCHASE
CONFIRMATION PRINTED ML R, WILLIAMS (8705): 2 L.A. LAKER TICKETS HAVE BEEN RESERVED FOR YOU IN

AT SUBSCRIBER TERMINAL UICTION 2t ON 12/6/71 AT $5.50 EACH.

Figure 11 Typical Message Sequence

The discussion of services can be concluded with mention of
services which are primarily useful to the CATV system operator,
particularly with regard to the maintenance of high reliability
of the CATV system,

The system design includes both hardware and software for
self diagnosis of system malfunctioning. Provisions, have been
included, as previously mentioned to diagnose individual terminal
malfunctioning or outages, and cut or defective cables. In
addition the terminal can detect and subsequently transmit indi-
cations of loss of povwer, noise bursts, loss of incoming carrier,
and downstream parity errors.

The LPC will also detect loss of upstream carrier, noise
bursts, power failure, upstream message parity errors, and
malfunctioning in the computer and its peripherals. The LPC can
also command off the transmitter of any suspected errant sub-
scriber terminal, and can completely disable the terminal if
desired for any reason.
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Several other error resistant techniques have also been
included in the system design which will drastically diminish the
probability of error. Among these are dual transmission of all
infrequent commands and the requirement for confirmational com-
mands from the LPC to the terminal to indicate the satisfactory
completion of particular message sequences.,

Two models of the Subscriber Terminal have been planned at the
present time. In addition to the SRS-102 model shown previously,
a simpler, lower cost version, the SRS-101, is available without
the strip printer and associated electronics. This model, shown
in Figure 12, has four keys rather than the full keyboard furnished
with Model SRS-102. The keys provided will enable purchase of
Premium and Restricted TV, opinion polling, and TV shopping with
a more limited coding capability. TV Channel Selection is of
course retained in this model, and the Modem Unit remains substan-
tially the same as in Model SRS-102. With the exception of the
printer deletion, and reduced keyboard size, the SRS-101 can pro-
vide all other functions listed in Figure T. The SRS-101 and
SRS-102 are fully compatible and can be used interchangeably in
the SRS system,

Figure 12. SRS-Model 101 Console

With regard to system growth potential Figure 13 illustrates
some of the technically feasible increases in capability which can
be modularly added to the SRS as the market demand warrants.

The Hardware

The SRS functional system diagram is shown in Figure 1b.

The Local Processing Center described contains a standard
PDP-11 mini-computer, including 24K words of ccre memory and a
Model 35 Teletype. An Input-Output Processor has been designed
to convert the parallel input-output of the PDP-11 into a serial
form for transmission and reception of signals on the cable.

For the prototype system the peripheral equipment includes a time
of day clock, a 256 K word disc memory, a T track magnetic tape
drive unit a card reader and a graphics display terminal together
with hard copy readout.
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PRESENT MODELS
SRS=101 FUNCTIONAL KEYBOARD
SR$-102 NUMERIC KEYBOARD WITH INTEGRAL STRIP PRINTER
OPTIONAL ACCESSORIES

100 WPM IMPACTLESS PARAGRAPH PRINTER
EMERGENCY ALARM INTERFACE
METER READING INTERFACE

EXTERNAL POWER CONTROL AND TIMER UNIT

POTENTIAL FUTURE CONFIGURATION

SRS-103 ALPHANUMERIC KEYBOARD WITH INTEGRAL
PARAGRAPH PRINTER

OPTIONAL ADDITIONAL ACCESSORIES AND FEATURES

FRAME GRABBER
TWO-WAY AUDIO CAPABILITY
MULTI-TV SET CAPABILITY

Figure 13, SRS System Growth Poténtial

The required type and number of peripheral equipments for
operational use will, of course, depend on the nature and number
of the services provided, the number of subscribers in the system
and the anticipated or actual traffic volume. Modular expansion
capability is also provided in the LPC and software design to
accommodate such growth situations.

Inputs to the computer can be made by punched cards or paper
tape, or by manual operation of the teletypewriter.

The LPC system is designed to operate unattended except for
routine maintenance. Manual inputs for special programming can
be made by remote teletype interconnection or by use of the Model
35 Teletype at the LPC,

At the Subscriber Terminal, the downstream TV video is separated
from the 110 MHz SRS signal and is routed to the varactor tuned
frequency converter which furnishes the video input to the TV set.

The 110 MHz signal is demodulated and 1 Megabit digital data processed
in the Modem Unit to furnish signals to the frequency converter,
external accessories or to the Operator's Console depending on the
particular message sequence,

Upstream data originates at the Operator's Console, or at the
accessory sensors and devices. It is encoded and stored at the
Modem to await upstream transmission. In transmission the data is
fed to a 23 MHz phase modulator, passed through a low pass filter
and on to the subscriber's drop cable.



44

TO ANTENNAS
AND LOCAL
ORIGINATION
STUDIO

OTHER
SUBSCRIBERS

TO ACCESSORY

DEVICES

1.

LOCAL PROCESSING CENTEP HEAD END
o N
COMPUTER PERIPHERALS
L J
vy ¢ .
L
1/0 ®
PR
. COMBINER|  CHANNEL e et
, PROCESSORS
I—. MODULATOR L)
L]
L ]
DEMODULATOR
-
SUBSCRIBER TERMINAL
I MODEM l
10 TV VIDEO
MHZ
DEMODULATOR
DIGITAL ENABLE FREQUENCY
i Y LOGIC AND CONVERTER
MODULATOR e '
|
CHANNEL NUMBER
l CONSOLE l
CHANNEL
PRINTER g KEYBOARD  |g kev switew | L sewector &
FINE TUNE
Figure 1k, System Functional Block Diagram

ALARM SYSTEMS
PARAGRAPH PRINTER
UTILITY METERS, ETC.

Integrated circuitry of the TTL and MOS varieties is used widely

Status

in the Prototype Subscriber Terminal. Future plans for large
quantity production include the use of large scale integration
to further reduce size, cost, and power consumption and to increase
system reliability.

Some of the areas of technical concern in the design of any

2.

3.

The required bit error rate.

digital data communications system are:

A determination of the required bandwidths

The effects of impulse and other noise forms.
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L. The effects of various transmission deviations caused by
the cable system and its associated components on system
performance,

In designing the SRS system, these concerns were tasken into
account as were human factors considerations in designing the
Subscriber Terminal,

In order to confirm design expectations and to answer questions
that cen only be resolved by actual trial, a demonstration system
was completed early in 1971. This system consisted of a Modem
and an Operator's Console shown in Figure 15 and 16. In addition,
a small simulator (Figure 17) was designed to produce driving stimuli
for the terminal to simulate desired features of the LPC. The
demonstration system has been extensively tested both at the Hughes
facilities in the Culver City area and on an experimental Tele-
Prompter two-way cable system at Los Gatos, California. While this
testing is continuing, the results to date have validated the design
concept. All of the present system functions described previously
herein were successfully demonstrated repeatedly even in the presence
of near band burst transmissions in close proximity to the equipment.
While measgrements are still incomplete bit-error rates appear to be
in the 107° to 10-T range which correlates with expectations. Message
errors which remain undetected in the system are expected to be
orders of magnitude less than the bit error rates as a result of the
error compensating message sequencing and verification techniques
-employed.

Figure 15. Subscriber Terminal - Demonstration Modem
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Figure 16. Subscriber Terminal - Demonstration Console

At the present time software designs are being completed and
hardware is in production to permit a small scale but intensive
field test with approximately twenty-five SRS Subscriber Terminals
and a fully equipped Local Processing Center. The test will be
conducted in the Los Angeles area on an operating cable system
starting in the last quarter of 19T1l. It is expected that the
test will include both technical and consumer oriented features
to demonstrate the SRS system capability and to obtain the consumer
reaction to the services offered.

Pending the results of the .small sample to be tested later
this year, and continued consumer surveys, plans are being form-~
ulated for the large scale production of SRS equipment by the
Theta-Comm Company. This equipment will be used in a system
wide test in 1972,

Conclusion

While it is impossible to predict the rate of public acceptance
of two-way systems, we believe that they will be widely accepted,
With this conviction, and a strong commitment to the future of
communications, we submit that any two-way mass communication system
worthy of serious consideration must meet the following vital
requirement.
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The system must have a well thought out approach allowing
for the impossibility of predicting the market accurately.

® It must not be limited by prejudgement of the relative
saleability of services.

® Tt must be flexible to change without becoming
unwieldy or obsolescent.

° It must be economically viable as well ms technically
sound and reliable.

® It must deliver what is promised not only from a hard-
ware standpoint but even more importantly from a
software view.

We believe that the Subscriber Response System meets these
requirements. It has not only the basic capabilities to meet
a wide variety of existing needs with minimum cost but also the
growth potential to mature with the market in whatever direction
it masy develop.
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A LOW COST INTERACTIVE HOME TV TERMINAL .

William F. Mason & Ken Stetten
The MITRE CORPORATION

As part of the design of a cable system for a large city,
MITRE has had to take an objective look at the many ideas that
have been proposed relative to providing new services into the
home via cable. Part of the analysis involved identification of
the variations in|home terminal hardware that would be required
to provide these services.

Types of Home Terminals
! '

Figure 1 indicates one way in which the hundreds of services
that have been proposed can be grouped into the eight fundamental
hardware configurations that would be needed to provide them.
Starting on the left of the figure with conventional black and
white television, the cost rises with color or an A-B switch or
converters, as additional channels are added. 1In group two we
add the ability to encode transmissions for selective distributions
to people who have unscramblers in their homes. Special distri-
bution/capabilities on the network can also be '"hardwired" to pro-
vide exclusive distribution to groups of subscribers, e.g., doctors. .

Adding some form of a frame grabber (third category) allows
distribution of another class of service wherein a single channel
can provide many different displays, e.g., stock reports, ballgame
scores, local activity schedules, etc. In this case, each frame
is coded and the subscriber can set his decoder to choose any of
hundreds of services on a single channel.(more about this later).

Going now into two way services, we have the conventional
voting or polling capability wherein a central computer polls the
network and accepts the votes or selections input from each sub-
scriber. This class of terminals ranges from inexpensive, where
there are only a few voting options, to an elaborate alphanumeric
keyboard capability for use in general two way communications.

In category five, a credit card checking device is added to
the network capabilities of category four. This category is listed
separately because of certain validation procedures that should be
part of such a system. Meter reading, burglar and fire alarms,
etc., are possible in the next category, wherein various types of
sensors in the home are used to measure or monitor various phenomena
and then report to the central system using the fundamental hardware
provided in category four, but with special interface to the various
sensing devices in the home. We include in this category the ability
of the central system to control certain devices in the home if
desired. For example, the second heating element in a hot water .
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heater can be controlled by the utility company to help alleviate
peak power problems. Utility customers have been offered lower
rates for such cooperation.

Category seven provides interactive communications of
the type that would be needed for sophisticated computer aided
instruction (CAI) or computer mediated instruction (CMI) into the
home. Finally, we have services that involve high bandwidth
digital or video communications between terminals.

Demonstrating These Capabilities

In order to examine the hardware involved in each of these
categories as regards both cost and technical feasibility, MITRE
has installed in six homes in Reston, Virginia, a terminal system
that is capable of providing most of the services in Figure 1.
Reston is located about 10 miles from the MITRE facilities in
McLean, Virginia, and our computer is connected via a microwave
link to the Reston Transmission Company headend in Reston. Reston
has a dual cable distribution system and Channel 13 of their A-cable
is used to distribute computer interactive services. Figure 2 is
a schematic of the system showing that the computer provides on a
single channel, 600 different frames of information, any of which
can be selected by any subscriber having the appropriate terminal
equipment. We call this the '"public service" channel because of
the types of information we are putting on it. The subscriber
simply selects with a thumb dial on the home equipment, Figure 3,
any of the demonstration material that we are interlacing (Figure
4). The particular materials we are providing are simply to show
the types of things that may be offered on such a system.

The demonstration terminals also have the capability to let
the subscriber interact dynamically with the computer. Since the
Reston cable system is not equipped for two-way services yet, we
are using telephone lines for the up-link from the subscriber to
the computer. (Within the MITRE facilities we use two-way cable.)
This class of service allows the subscriber to telephone the
computer and receive a response on his TV screen that is not seen
by other subscribers. He first receives a frame that introduces
him to the services available. The touch-tone telephone is used
as an input device to select services. Our demonstration allows
subscribers to take computer-aided instruction in math or to use
the computer to perform mathematical calculations (add, subtract,
multiply, divide, raise to powers, take square root, store, etc.)
or, more simply, to use the computer to sort through a variety
of information. For example, we allow the subscriber to look up
telephone numbers using his TV screen.

The "home calculator" demonstrates how computational capa-
bilities can be provided in the home. The educational and social
materials illustrate more wide ranging possibilities.
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Our system also has the .capability to record programs off=the-
air or to record movies addressed to a single address, possibly ‘
during the quiet hours of the night, for replay as desired.
Although full movies by this method would be impractical, we plan
to use this capability to send short sequences of frames that can
be "stepped" onto and off the tape recorder in a manner that might
be used for delivering newspapers‘*or mail by TV. 1
In this demonstration MITRE has concentrated on the use of
readily available equipment in the home, i.e., the TV set and the
telephone. The only special equipment that has been added is the
circuitry for decoding the material sent to the home and a video
tape recorder, which we feel will be a common item in a few years.
As a matter of fact, the technical services that we are demon-
strating in Reston will have a tremendous influence on the popularity
of these video tape recorders if the addition of the simple circuits
to grab a frame and refresh a TV set are added, as in the models
we are using. .3 ',

CostiInformation

Although this s not the platform for publicizing the infor-
mation we have accumulated relative to cost, a few comments are in
order. The Figure 1 chart indicates the general range of costs for
home terminals of various types assuming reasonably large imple-~
mentation. Two-way digital services are not all that "futuristic"
but we have avoided putting bounds on what the terminals mayt‘dost ‘
because it is so dependent on bandwidths used,:ietc. On the other
hand, a sufficient number of devices can be bought in the $150 to $350
range so that this category of services should not be considered
impractical. Studies now being performed by and for various large
companies indicatelthat a very practical system can be described
for certain types of markets. Within each Figure 1 system classi-
fication there are of course cost variations, depending on the
particular service |offered, how fancy the terminal is to be made,
production quantity, implementation density, etc. Each of you
will have opinions{relative to the particular category of services
-of interest . to your company or provided by your system. MITRE
would be interested to have your comments relative to our cost
summary. q :

i 4 I

Now let's turn to the cost of providing the computer services.
We have made a number of analyses that indicate tthat interactive
service can be provided into homes at a cost of around 20 cents
per terminal hour.‘ Roughly it goes like this: a minicomputer
center to provide services to a population of around 10,000 would
cost about $150K. |Amortizing this over four years gives $37K per
year. Adding $18K maintenance, clerical overhead and floor space,
gives $55K per year to provide to each of 10,000 subscribers ome
hour a day interactive with the computer. (The actual computer
time is a very small part of this because we serve an average of
100 interactive terminals at & time; more during peaks.) This
amounts to about $55.00 per year or $5.00 per month cost to the

’
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operator. This can also be considered as $5.00 for thirty hours
of use, or about 20 cents per hour of use by the subscriber. He
would probably pay several times this for the service. Billing
would be handled by the computer. If the system operator provided
$400.00 worth of capabilities from Figure 1, he would have to
charge around $10/month, which seems very attractive for the kinds
of services we are discussing.

Conclusion

A complete analysis of the types of capabilities discussed
here will be published by MITRE in the near future, but sufficient
information has been summarized in this paper to indicate our
belief that the time to start large scale experiments with computer
interactive TV is now.
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INTRODUCTION

A cable television system provides a transmission path
from a single signal processing center (traditionally referred
to as head end) to multiple subscriber television receivers
(Figure 1). The advent of transmission requirements from any
point in the cable system back to the signal processing center
results in a system with inputs from multiple locations in the
cable system converging to a single output from the cable
distribution system back to the head end.

™ sienaL -

MULTIPLE | CABLE [
SimAL Al :légchsRsmG DISTRIBUTION |—+» MULTIPLE

SOURCES (HEAD END) SYSTEM =

"1 >

a) FORWARD TRANSMISSION
SIGNAL CABLE —
P ING

CENTER. DISTRIBUTION [ WuLTIPLE

(HEAD END) SYSTEM ————

b) REVERSE TRANSMISSION

FIGURE 1

Numerous articles have been written on parameters and
performance requirements of the cable distribution system.
This paper will focus on the television signal level from
cable distribution system input (head end output) to its
output, the TV receiver input terminal.
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Knowledge of the signal level requirements in the cable
distribution system|guides the equipment designer to a hardware
design which economically matches system requirements and likewise
guides the system designer in selection of system components
required to meet his system design objectives. Signal level, as
the independent variable, determines many component (amplifier,
c