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EXECUTIVE SUMMARY

Different types of services and systems have different needs

"and ‘degrees of selcectability. To determine how well a system meets the

service needs, certain dimensions of selectability have been defined.
The three major dimensions of selectability are content, timing, and
billing. A high degree of selectability is appropriate for services

which have high incremental costs and low penetration.

In evaluating possible delivery mechanisms, only systems which

“may have significant impact in CATV systems in the next ten years are

considered. It is the opinion of the authors that fibre optics will

not play a major role in CATV distribution systems in this time frame.
y .

. The present service offered on a CATV éystem is video pro-
gfamming, The service has a high penetration and ser;ices (channels)
can be added or subtracted at a low incremeﬁtal cost. The exception to
this is the community channel which has a significant inéremental cost.
The present CATV network configuration provides an efficent, low coétj

means of providing many television channels. With any alternate delivery

scheme, the 'average subscriber" would pay more and get less service. Al-

“though'the subscriber is presently restricted to choosing from among what

is offered, he, in fact, has a large content choice. Timing selectability
is low as the. subscriber must meet the broadcast schedule. Timing flexi-
bility is availaﬁle with the use of a home vidéo tape recorder. Thg
billing system is flat rate and indicative of the CATV cost structure,
which is fixed.. Increa;ed-selectability for the presently offered service

has marginal benefits and high costs.
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For some future services, more selectability may be appropriate,

especially for services which have high incremerital costs such as PAY TV.

When this selectability is reasonable, descramblers or descrambler/con-
vertérs are the preferred delivery mechanism because they are flexible_
and .upgradeable. Becauéc_they are used for the security of billing, it
is imperative éhat both converters and descramblers be restricted in
availability and controlled by CATV-systems. ﬁecause converters are
presently widespread, a significant change from:the present situation must
occur in order to offer better selectability. The immediate,remoﬁal of
converters from the marketplace is desirable if selectability is to be

pursued.

‘Per program billing is feasible when twé—way CATV systems.ekist
if performed in conjﬁnction with monitoring services ﬁsing a low—cpst
listening area multiplex system. Again it is necessary to control the’
converter as it is an integral part of the monitoring system. Subscribef
viewing patterns would be vastly changed if per program billing e*isted
because a conscious dollar decision is involved.' A compiex rate struc-
ture would exist and the question of who controls the rates is a serious

problem,

Many data services could be delivered on a CATV network. Data
.received byiphé subscriber should be in NTSC format for maximuﬁ compati-
bility so that captioning of programs, news flashes, still piéturés, and
data services can all be viewed with the same device and>disp13ycd on the
subscriber's television set. Selectability of information services would

initially be offered on a one-way cable system with low selectability.



As the system evolves, .the subscriber could request data either

via the telephone network pr a tWo-way cable syétem. Eventually a highly

~selectable and flexible service would be offered. Appropriate data base

organization and software are essential for this final stage.

Return data consists of three types: monitoring services,

polling services, and interactive services.

Aithough it is possible to use the telephone system for all of
the incast data services, the ldading generated by many of thé services
would necessitate installing additional dedicated lines. Fbr contiﬁuous
monitoring and heavily used polling services, the listening area multi-
plex system on the CATV systém should be used as‘it‘is inéxpensive and
flexible. This method is not capable of trulyvintefactive services,

because it has a small message length limited to simple responses, but

it is adequate for services foreseen in the near future.

When interactive services such as electronic shopping and com-

puter terminal applications aré introduced, the telephone system again

is ideal as these could be biggybacked with low adaitional costs. Com-
petitive with this;‘if two-way cablevexists, is an interactive CATV
system. When loading, usagé and popularity increase such -that inAusing
the telephone'system, a dedicatea line is required, the packet incaét
or interrogation response system has a definite competitive advantage.
A cable terminal could then be provided on a selectable basis to those

desiring this added capacity at a cost of less than $100 per subscriber.



SCOPE,

» 'This’study was conducted for the‘DepaftmentAof Communications
under contract #16ST - 36100 - 7 - 0750. ‘Methods of offering various .
sefvices-with different degrees of selectability on a wired (cable)
distribution network are examiﬁed. Only thoée_techndlogies and systems

foreseen in a ten year time horizon are considered. The technical

feasibility of implementing services using various techniques is compared

with emphasis given to the transmission system.and terminal devices.

 Auxilliary devices have not been examined. No attempt at forecasting

the marketing success of these services has been made. The evolution
of cable communication services is studied and methods appropriate for

different requirements are recommended.

NOTE: The opinions expressed in this report do not necessarily reflect
those of Cablesystems Engineering, Canadian Cablesystems Limited

or their managément and are solely those of the authors.
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SELECTABILITY DIMENSIONS

Different types of services and systems have different needs

‘and degrees of selectability. To determine how well a' system meets

the service needs, certain dimensions of selectability have been de-

fined and will be used in this report. An objective evaluation of the

system can then be undertaken.

Three basic catégorieé must be dimeﬁsioned. ‘Thg first is
service selectability. The second dimension follows natufally from this -
billing selectability. A selectable service would have.to-have an
equally selectable billing gcheme. - Thirdly, the delivery mechanism
must be dimensioned to'defermine if it meets the selectability require-

ments of the service and billing.




SERVICE SELECTABILITY

" Service selectability can be divided into content selectability

_ and timing selectability. These are dimensioned below:

A) Selectability of Content

1)

2)

3)

Note:

Choose among what is offered.

- Little input from subscribers concerning content.
. S \

- Relatively long response time (i.e. many times the duration
of a single program).
(e.g. present broadcasting services where subscriber
opinions are obtained from Nielsen ratingé);

Suggest or have input about Content of offering.

- Significant visible input from sﬁbscribers éoncerning
content but with no firm délivery commitment. |

- Reasonable response time (a few times;the duration of a
single program).’ |

Demand desired content.

- Subscriber chooses from a large library and. the system
is commited to delivering-the desired. content.

- Goodiresponse‘time (equal to the duration of a -single

program) .

Subscribers canmnot demand programs that are notiin the library..

B) Sélectability of Timing

1) Accept or reject a predetermined schedule

- Little input from subscribers concerning timing:

- Long response time (many times the program duration).




(e.g. present broadcasting systém where subscriber has

V ~input concerning program timing only through Nielsen

ratings). ‘ S : _ ;

"2) Suggest or have input concerning timing.

- Significant visible input from sﬁﬁscr;bers concerning
timing. | |
- Reasonable response time (a few times‘the duration of a
single program).
3) Demand a desired time slot.
- System is committed to delivering desired content in

desired time slot.

- Good response time (equal to the duration of a single

program).




BILLING SELECTABILITY

- Billing for many services is based on a sometimes complex

combination of various billing units. The possible billing units for

CATV services are outlined below. Billing can be based on an element

which is available, which is used, or which is requested. . The latter

two .are considered more selectable than the first.

BILLING ELEMENT

Duration
Program Content

# of Connections

Point of Time
Viewership
Technica; Qua;ity
Channel

Service

BILLING UNIT

Available
Used
Requested

Available
Used
Requested

Available
Used

Available
Used
Requested

Available

“Used ,

Requested

"Available

Used _
Requested

Available
Used
Requested

Available
Used
Requested



DELIVERY MECHANISM

AN

The possible delivery mechanisms to meet the service and

billing selectability requirements are rated on the following para-

!
meters.

A) Capacity

- number of channels
- number of requests or interactions
- number of programs, etc.

B) Response Time

- Deterministic - request demand is met within a given
time period;
- Probabilistic - request demand is met within an uncertain
time period.
- Length of feedback time.
C) Reiiability
- Probability of serviée success.
D) Security
- Percentage of 'cheats" to a given(service.
E)AVFlexibility
- Cost of changing service or billing.
F] Priﬁacy |

- Security of subscriber information.

.G) Upgradableness

- Cost of improving delivery mechanism.

H) Cost

- Cost of delivery mechanism.




Possible services which will be dimensioned using the out-
lined criteria have been divided into four majér areas. These are:

1) Video Programming

2) Broadcast Data

3) Incast Data

4) Other Video Services



VIDEO .PROGRAMMING

7 .
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VIDEO PROGRAMMING

INTRODUCTION

~ ramifications are compared. If any change from the present broadcast all-

evolution to the more selectable system is considered.

At present, video programmihg is the main service that is-
succeésfully carried on most CATV systems (FM pengtration for Canadian
Cablésystéms Limited is less than ten percent of total subscribers).
The sybscriber isApreseﬁted with enough programming choice (i.e. a

large enough number of channels) that the service is considered acceptable.

The present video programming offering is very non-selectable.

The potential subscriber either pays for and has access to many channels

or he has acceés to none. This situation has evolved because of the high

fixed cost of providing any type of service and the low incfemental>cost
of.increasing the quality of that servicg. For instance, ali subscribers,

even those with black and white receivers, are provided>with colour sig- ' T
nals. Tﬁe'incremental cost of providing colour service is negligible aﬁd_
perhaps the onlyalternative is to provide two systems, one fbr'colour re-
ceivers and one for black and white receivers. This is, of course,

horribly inefficient.

Various reasonable schemes for increasing the selectability of

the video programming service are considered and their costs and possible

or-nothing format is necessary to provide selectability, the possible
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POTENTIAL SELECTABILITY-LEVELS

Video programming. services can be offered to subscribers with

various levels of selectability. These are:

H

standard CATV serviées_

- groups of.channels (CATV groupings)

- groups of channels (subscriber grouping§)~

- iﬁdividual programs

-~ demanding a program

- voting for a program

- auctioning a program

- storage.

A detailed description of each service and~impiementation

methods follows.

i
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STANDARD CATV SERVICE

’

In standard CATV many television channels are multiplexed (usually

. frequency multiplexed) together and are made available to all subscribers.

The subscriber pays a subscription to receive the multichannel service for

‘a given time period. A '"connect' charge is usually also paid. Excluding

exceptional circumstances, the subscription fee is independent of actual

. system cost.

The subscriber has what can be considered a minimum level of selecta-
'bility. He chooses from among the available programs and accepts or re-
jects the established schedule. Subscriber feedback concerning content

and timing is received by broadcasters but it is slow and also is not

_ visible to most subscribers.

oY

CATV has evolved to this. "all-or-nothing'" service in Canada because
of the economics of frequency multiplexing many (up to thirty-five) tele-
vision channels on a single coaxial éable, The incremental cost of pro-
viding an additional channel on a CATV.system in considered small so.the
subscriber's cost for recéiving the extra channel is also small and has

been considered negligible.

To provide more selectability on a system using the standard»frequency
multiplexing approach some or all channels would have to be made un-
‘available to .subscribers. This would incur extra costs. The cost of
)(1)

alternate system approaches (e.g. the Rediffusion system are compared

on the following page to the frequency multiplexed approach.
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Frequency Multiplexed Coaxial.System

This system has been outlined and can be considered :to

S
T e o G T e oy S8 £t o P bie 1w

'provide a minimum of selectability for broadcast programming. Low capital
=~ costs associated with this system make it attractive. Expefience in the

‘ operatioﬁ of eleven medium-to-large (approx;AIO,OOO - 100,000 subscribers)

.Canadian CATV systems has demonstfated tﬁat éépital costs for a one-way,

1, ()

thirty—five channel, urban CATV system are as listed in Table

Table 1 - Capital Costs - F.D.M. System

Investment Per Km Qf system —‘$6,000.00

Investment Per Subscriber - § 50.00

Assuming a density of 100 subscribers per kilometer, a totél

plant cost of §$110 per subscriber is incurred.

Spatially Diverse Systems

’

In Great Britain, systems built by Rediffusion International
Limited use separate twisted-pair cables to transmit each television
channel into the home. The subscriber chooses among channels by using

a manual selector switch. In North America this sytem is clearly un-

economical.(4)

A more economic approach for a multi-channel 'system uses a

remote switch-so that only one drop wire per subscriber is necessary.

Cost estimates for the complete switched system are not

readily available for Canadian systems. However, some cost trends can

be highlighted.




"The switching exchange costs are approximateiy $75 per subscriber
whiie the_home control ﬁﬁit is $35. Total distfibution cosf {not including
trunk) is cloée to $200 per subscriber for an "averagé” area.(4)',This
represents approximately double the broadcastAcoaxiai approach and has

thus been rejected in the past. ‘

Selectability, however, is easy to add to the switched system at

the remote switching centre. The seiectability offered could be of-a high-

level.

In Canada, the evolution to a switched system of the Rediffusion

. type can be considered impractical due to the presenée of many coaxial

broadcast systems. Therefore, it will not be considered further.

F.D.M. Coaxial (Remote Converter) -

The high cost of the Rediffusion system can at least partly be
attributed to the increased number ‘of cables in the distribution area.

If each subscriber tap-off device were considered a switching node, then

additional cable costs would mot be incurred. The multitap then, can be

considered the "ideal" switching node in a switched system.

Again the evolution to this system seems difficult because many
subscribers have purchased converters to receive additional channels and
these would be rendered obsolete. Also selectability is no better than

standard CATV‘if all channels were made available to all subséribérs. Due

to the outdoor placement of the converter, this system is more cxpensive

than the present one. No advantage is gained by evolving toward this

system.
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Conclusion

For video programming service offering nlow level of selecta-

bility, frequency multiplexing of many channels on one coaxial cable can

"be considered as ideal due to -its low cost and its expandibility. See

Table 2.

[ I
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1.

DELIVERY SYSTEM

F.D.M. Coaxial

-

S.D.M. (Rediffusion)

F.D.M. Coaxial

(Remote Converter)

CAPACITY

Table

RESPONSE TIME

2 - Standard CATV Sérviée

RELIABILITY -

High 35 ch.

High 35 ch.

High 35 ch.

N/A*

N/A*

N/A*

99.9%

tSée Appendix 1)

>99.9% -
(Less active
equipment)

/< 99.9%
(more active
equipment)

* SECURITY
2% Cheats

2% (Estimate)

2% (Estimate)

* Subscriber response mechanism is not via cable.

FLEXIBILITY

Good - Ad&itional
outlets

Poor - Additional
outlets

Poor - Additional
ocutlets

PRIVACY

UPGRADAELENESS

N/A

N/A

N/A

Two-way compatible

Two-way compatible
(extra trunk cable
needed)

Two-way compatible
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GROUPS OF CHANNELS (CATV GROUPTNG)

Tbis service pfovides restricted access to standard CATV
§¢rvices. Gfoups of channels (e.g. all banadian chaﬁﬁels, all American
cﬁannels, local channels, -etc.) are packagéd by the CATV operator and
subscribers only receive those packages that théy want. The purpose is
for the partial service subscriber to pay less than.a full service

subscriber (i.e. pay for what he wants).

If present television channel offerings are subdivided into
groups then the necessary reduction in rates of partial system sub-
scribers must be compensatéd by increased full service rates. Also all
additional costs incurred in creating the channel groupings should be
borne by full‘éervice subscribers. Present subscribers would either
have their present channel offering reduced, or their subscription

rate increased.

For new television services (e.g. movies, educational channels,

channels with non-fiction- television shows, etc.) channel groupings

may be appropriate. The subscriber to the channel groﬁp pays for the
cost not just of deliveringz the channel, but also perhaps in obtaining
the channel (from non-broadcast sources). This seems. appropriate if
successful channel groupings can be obtained.._Possible ETOuUpsS are an
entgrtainmentibackage including movies, concerts, theatre, and symphony,
and a non-fiction packaée with children's educational programs, science

and nature shows, political, social, and economic programs, ctc.
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The costs which must be borné by the subscriber to the
restricted Qervice can be divided into two parts. .These are delivery
éésts which are dependent on the delivery technique and package costs
which are dependent on chaﬁnel content. Package costs are zero (or

near zero) for standard CATV services (with the exception of community

programming) but for alternate programming, it might become significant.

As package costs become significant with respect to delivery

costs, selectability becomes more desirable.

As in standard CATV:service the subscriber chooses. from
“among what. is offered‘and accepts or rejects ? predetérmined schedule.
However, the subscribei chooses pnly from among those group(s) of channels
to which-hé subscfibes. He has little or no inppt-iﬁto the channel
groupings. -
Biiling is based onjfhé chaﬁhél g?oupings requested by the
subsériber and the duration of the subscribtioﬁ. A "connect'" charge

is necessary to reduce changes in status (CATV cost is approximately
$15).
Restricted access to the full broadcast service must be pro-

vided. The followihg restricting techniques can be used:

1) Traps
2) " 'A/B Connection (dual cable) .
3) Converters

4) Scramble - Descramble




I
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2

{

r monitoring devices are necessary so a return -

~

No subscribe

transmission path is not needed.

Traps -

Full service is provided to the subscriber's drop where traps
are installed at the tap-off point so that some groups of channels

are denied to partial service subscribers.

Costs are identical to the standard broadcast CATV system
except for the addition of the cost of traps and fheir installation.
Traps cost $§7 and their initial installation cost. is small compared-
with this (less than $1 per subscriber).. No significant capital cost

changes are foreseen in the next ten years.

The "trap'" system is limited to twelve television channels
unless a converter or dual cable is also used. Twelve channels cannot
be considered adequate for the long term therefore the additional cost

(5)

of a converter would have to be borne by many subscribers.

Due to technical constraints (e.g. guardbands, envelope delay
distortion) few traps can be cascaded so only limited channel groupings
are available. The traps are also very inflexible and essentially can-

not be updated.

A subscriber's status cannot be changed remotely so costs

associated with changes in status are very high (about $15 per trans-

action).

Due to the outdoor placement of the traps, system security
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is good (similar to standard CATV).

If partial service subscribers are to pay a reduced rate,
then full service subscribers must pay for the installation, removal,

and maintenance of all traps.

Traps are only cost competitive with other techniques (speci-
fically scramble - descramble) if a large percentage of subscribers take

full service.

The breakeven point for traps vs. descramblers is discussed

in the descrambler section.

A/B Connection

Full twelve channel service is provided by two parallel dis-

tribution systems. A subscriber can connect to either or both systems.

"Costs are only slightly less than double those of a standard.
CATV system.(é) The whole system except drops must be duplicated for

all potential subscribers.

Two twelve channel groups-and one twenty-four channel group
can be offered. Converters are not needed in the near future with twenty-
four channel capacity but in the medium term (five to ten years) at

least one system would possibly need to have expanded channel capacity.

If‘slngle system subscribers were to pay for only the cost
of a twelve channel system, then full ;érvice subscribers would have
to pay double this amount plus the cost‘of the unused system which had
to be built but is not used by the singlg service subscriberi For

single system subscribers to pay less than in a standard system, then,

P,

a
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- two single service connections would be chéaper than one full service
connection. This or any other billing system offering this selectability

is absurd.

Converters

One full service sysfem is'built withAaccess to non-standard

channels available with the use of a converter.

Full service subscribers pay the cost of having additional
channels on the system (about ten percent) plus the cost of a converter

($50) .

Up to thirty-five channels are available with groupings of
twelve basic channels'plus tWenty—thrée additional channels. If desired,i
limited channel converters could be used, buf these would cost the same

as a full 'service converter.

When a converter is available, other home units (e.g. descram-
blers or channel monitoring devices) can be provided more economically

due to shared housings, power supplies, etc.

In Canada the converter is a ubiquotous device so it cannot
be used as a means of providing selectability. Subscribers, in fact

pay for the converter and not the additional channels that it provides.

P

Scramble - Descramble

Optional channels are scrambled at the head-end and descram-

bled in the subscriber's home. Various scramble - descramble techniques
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are available with costs dependent on the security of the SYstem. A
twenty dollar descrambler cost provides good cost vs security tradeoff.
(See Appendix 2). When combined with a converter the descrambler cost

could be reduced to ten dollars. In a medium or 1arge'§ystem (greater

- than 1,000 subscribers) additional head-end costs can be"negleéted.

The descrambler-converter. could use almost any group of chamnels
and is easily updatable to include subscriber, grouping, remote scrambling

control, and even channel monitoring if two-way cable is available.

If scramble-descramble costs are compared with those of
traps then for a $20 descrambler cost stand-alone descramblers are
superior for less than twenty-five percent penetration. For descramblers

combined with a converter the break-even penetration is forty percent.

At this penetration, thecost of selectability could be
questioned as forty percent of subscribers do want the additional ser-
vice. Selectability seems only valid if the package costs are very

significant.

When this high breakeven penetratibh_is cbmbined with the
flexibility and potential upgradableness of descramblers the trap alter-
v

native seems unwise for most situations.

Conclusion

.-

Of the four possible grouping techniques, dual cable can be

rejected due to its high cost, and converters due to their ubiquotousness.

n’:‘{! B
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"0f the two remaining techniques, namely descramblers and traps, descram-

blers are mosttappropriate since they are flexible and upgradable} For
many applications this level of selectébility is appropriate as sub-
écribéf groupings of channels would offer greater content selectability
at only a marginal increase in cost. Tablé 3 contains a summary of

the dimensioned delivery techniques.



.

" DELIVERY SYSTEM

1.

2.

3.
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4.

Traps
A/B Cbnncctioh

Converter

Scramble-Descramble

CAPACITY

4 Table 3 - Groups of Channels (CATV Grouping)

RESPONSE TIME

RELIABILITY

12 channels -
35 channels
with converter

24 channels
70 channels °

with converter

35 channels

12 channels
35 channels
with converter

* Subscriber response mechanism is not via cable.

N/Ax

N/A*

N/A*

N/A*

Good (99.9%)

Good (99.9%)

Good ( 99.9%)

Good ( 99.9%)

SECURITY

Good
(2% Estimate)

Good
(2% Estimate)

Unacceptable
-Converter is
ubiquotous

Medium
(5% Estimate)

FLEXIBILITY

Poox. - Few channel
groupings

Poor - Two channel
groupings '

- Poor - Two channel

groupings

Good - Many channel
groupings

PRIVACY

UPGRADABLENESS
N/A Poor
N/A Poor
CN/A Good - Can”add
scrambler, channel
monitor, ¢€tc.
N/A N/A
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._.GROUPS OF ‘CHANNELS (SUBSCRIBER GROUPING)

Restricted CATV service is provided with the subscriber providing
his own, channel package. This system must be more flexible than with CATV’
grouping of channels due to the 1afge number of possible channel combina-

tions. Essentially this system is a subscription per channel.

The subscriber chooses from among the-offered channels and
accepts or rejects the schcduled‘tlmes for certain shows-on-his choice =~

of chanuels The subscriber has total freedom in choosing channel grouplngs.

B1111ng is based on a per channel ba51s and‘ls dependent on sub—
scription duratlon. A connect change is also necessary to reduce tran-
sciency.

As can be seen in the previous table, the only technique for

grouping of channels is Scramble-Descramble.

‘

As with CATV groupings, the optional channels can comprise the
entire offering or can be in addition to the basic service. No return

capacity is necessary for this system. However, if the subscriber were

‘given a great deal of freedom in changing groupings (i.e. eliminate the

connect charge) then remote status changing or channel monitoring is

necessary. This essentially provides individual program Eelectability.




- 25 -

INDIVIDUAL PROGRAMS

For individual program billiﬁg continuous channel monitoring
and a means of réstricting access to the full service are necessary;
Various techniques of channel monitoring and their costs are described in
Appendix 3. Since these do not relate directly to vidgo programming, they
will not be discussed further 'in this section.

With individual programs the subscriber chooses from among what
is offered, but his choice is very flexible (i.e. on a per program basis).
Timing of a program is not selectable. _Thé subscriber is billed for what

he watches and for the duration that he watches, not for what he requests

‘or has available to him. Rates could vary with the program content and

the point of time. However, if this were the case then some means of
notifying the subscriber of the rate would be vital. This seems difficult

to impléement and might be resisted by subscribers.

As.with subscriber groupingg, the only reasonable delivery
technique is scramble-descramble. The cost of providing this level of
selectability is the .descrambler cost ($10 when combined with a converter)
plus the channel monitoring cost (approx. $35 if it Qere conducted using
the "listening" area-multiplexed two-way technique described later in this
report) plus the additional cost of providing a two-way CATV system (approx.
$15) plus possible addiﬁional\billing administration costs. It would seem

that if individual programming monitoring werc the only service to be

carried on the two-way CATV system, the additional costs.do not seem justi-

fied. ) _ ‘ N
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If the return system and a home terminal were in place, the cost

- of providing individual channel monitoring might be acceptable. As with

ény other video programming selectability technique, the-package costs and

delivery costs must be compared.- If the package costs can be negiected,
then selectability does not seem wise as subscribers do not pay for the

actual cost of the service but pay an arbitrary rate that is indgpendent'

‘.pf the CATV operator's costs.

Sce Table 4.




.DELIVERY SYSTEM

FDM Coaxial
Scramble-Descramble
Monitor Channel

TABLE 4 INDIVIDUAL PROGRAMS

CA?ACITY RESPONSE TIME . RELIABILITY SECURITY FLEXIBILITY
35 channels . Good ( 4199:9%) " Medium Good - any
Content - fast program

" Timing - N/A*

- . % Subscriber response mechanism is not via cable.

PRIVACY

UPGRADABLENESS

N/A

.

Content -Selectibility
alrcady high. )
Tinming selectibility

upgraded with addition

of home VIR.
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DEMANDING A PROGRAM

~ Demanding a program gives the viewer'seléctability on the program
content as well as the viewing time, providing maximum selectability.

The subscriber is billed only for the programs he watches or requests.

A problem arises with offering such selectabiliﬁy on program
content because it is assumed that a subscriber kﬁows what he wants to
watch. This is significantly different from the present situation where
a subscriber casually monitors and watches a program and.determines if

he wishes to continue viewing it. Therefore in any request based service

the service must be structured in order to.aid the subscriber in making

his selection. One alternative is to provide a catalogue, listing the

available materials. This is probably not sufficient because the sub-

scriber will have difficulty khowing how to use the catalogue and the

program title will not necessarily have enough information to allow him
to choose wisely. Program summaries need to be providéd or previews

displayed. The organization of such a catalogue and the question of

“how a selection is to‘be made are serious problems with this type of

" service.

The .delivery system required to offer this level of selecta-

bility must contain the following items:

ljt’a substantial video 1library

2) an individual VTR fofievéry'person simultaneously
watching different requested programs

3) a cataloguc of available programs with program -

summaries.

S 73
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4) a delivery means for requesting programs and
monitoring this for billing_purposes

5) a meéns of.selecting and loading the tapqs from
the video library into the players - ‘

6) a means of notifying the subécriber of available
time slots, of confirming reduests, and:of updating
the library |

7) a central processingAfunction to controlvfhe
billing, display the programs, and issue requests

8) a means Qf'sgcurely deliveriﬁg the program to the
ﬁerson requesfiﬂg it OR
Vmonitoring othérs viewing the program OR
charging a flat rate for access to the request channel
and securing deiivery only tq those paying that |
charge OR

combinations of the above.

On a real time basis, a cable system does not have the capacity
to provide programs on request for the méjority of viewihgf—SO channels
offer only 30 different request to be viewed simultaneously. This is
completely inadequate when compared to the number of TV viewers. There-
fore, any programs on request would have toapplyto 'a minority of viewers
with a very spécialized data base in order to provide a reasonable.pro;~
bability of requests getting viewed within a acceptable Waifing time,
Examples of these programs could be classical opefas,‘plays and cultural
eventé which»appeal to a minority who ﬁay be willing to pay significant

amounts for these programs. By dedicating one channel to this service,

-~
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eight one hour events could be delivered between the maximum viewership
hours of 4 .and 12 p.m. Therefore, in one month about 250 different re-
quests could be handled. For someone to take the service at least one

request per month would be considered a minimum resulting in a capacity

‘of about 250 subscribers per channel. Do 250 subscribers justify having

one channel allocated to them? If spare capacity is available this could
be quite appropriate. However, if there are alternate uses of the channel

which serve more than 250 subscribers these uses should be considered a

‘higher priority.

Billing for this service would probably have to be on a flat

rate basis for all events shown on the chamnel with an additional charge -

per request.

- Some cost estimates for this system are listed in Table 5.

Table 5 Demanding Programming Costs

Item : Cost ($)

Video library 6f 300 tapes ($25 per tape) . 7,500

1 VIR - _ _ ] 3,000

Catalogue for library - 250 copies | - 1,000
Requesting and monito?ing over teléphone sysfem : NC

Descrambler - 250 ($16.00 per unit) | 4,000

Channel displaying available times

(time shared on information channel) . NC
TOTAL CAPITAL COST : 15,500
OR §$15,500/250 o $62/sub.

Operating cost of % man from 4 - 12 = §6,000/yr

yearly operating cost of $25/sub.*

* Not including royaity; copywrite charges, etc.
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An alternate appréach to demanding programming is to-usc;aA"
home storage -device. ‘Instead of using the CATV system as a transmiséion
medium and using a scarce resource ti.e. bandwidth), special tépes could
be mailed to the subscriber. A larger tape_liﬁrary could be accessed
(one library could serve a lafge area) and-content selectability vastly
increased. See Table 6.

With limited bandwidth, a CATV system does not séem suitable

for programs on demand. Home storage devices will be discussed in a

later section.




‘DELIVERY SYSTEM

2. Non CATV

library

TABLE 6 DEMANDING A PRDGRAM
'CAPACfTY REéPONSE TIME RELIABILITY SECURITY.
250 hours Probabilistic Good Good
per channel (average .
month > 24 hours)
(1 demand
per subscriber
per month)
Dependent on  Probabilistic Good ~ Good

size of tapa  (average

> 1 week)

FLEXIBILITY

Good .

Good

PRIVACY

N/A

N/A

UPGRADABLENESS ' -

Poor
Limited channel.
capacity.

Good

. Increase size of

tape library.
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VOTING FOR A PROGRAM

Because of the capacity constraints of requesting a program,

various schemes have been developed to compromise the selectability. and

still provide subscriber input. One of these schemes is voting for a

program,  wheré the most pdpular programs are the ones that

are shown. The delivery requirements are similar to those for demanding

a program except a more sophisticated software systeém which can record
and total votes and prevent the same subscriber from voting twice' is

required.

Using this technique, selectability is only marginally in-
creaéed over standard CATV service és the probabilitf of one choosing
a prdgram and it being displayed on one of-thé 35 channels when desired
is small in a system of any size. An additional problem is the impact
this has on vieQing patterns. Subscribers adopt a viewing pattern com-
péfible with the broadcast schedules in order to view fhe programs they
desire. In a voting scheme, since most 6f the time their requests will
not be shown and fhe viewing schedule is uncertain, it is impossible ”
for a subscriber to structure his day to watch his desired programs.

This is a step backwards snd is completely unsatisfactory.
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AUCTIONING A TIME AND PROGRAM

A totally absurd scheme to compromise selectability'and still
provide subscriber input is auctioniﬁg. This is similar to voting except
votes are 'weighted' according to a dollar amount bid. The programs which

have the highest dollar amount bid are shown.

Again the uncertainty of scheduling as well as the implications
of_dollars‘éontroIling media exposure are serious disadvantages. This

alternative is unacceptable. .
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STORAGE

Any p1ev1ously dlscussed video programming service whlch is

con51deled feasible has provided a low level of t1m1ng selectability.

»Greater selectability can be provided by a storage device such as a home

video tape recorder'(VTR). From the broadcast schedule, the subscriber
can determine which programs he/she wishes to view. These are taped

autométicallynby the VTR for later viewing at the subscriber's leisure.,

The only additional equipmeﬁt needed to imprévé the previéus
services and timing selectability is a home VTR. These presently retail
in Canada in the $1600 range, but could be expected to décrease in cost
to afound $600 in future if pufchased in large quaﬁtifies.* The only
charge to the subscriber is the initial capital cost or lease cost of
the‘VTR. Therefofe, no costs are incurred by subscribers not wanting

greater selectability of timing. This seems ideal.

This service is very selectable with respect to timing althoﬁgh
the subscriber chooses from the content that is offered. Any increase in

content selectability has been shown to be very expensive.

Note that copywrite and royalty problems concerning video pro-
o .
gramming storage units are unsolved at the time of writing.

*Any other storage system (e.g. digital) would be prohibitively expensive.
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DEMANDING PROGRAMMING WITH HOME STORAGE

To oyercome‘the capacity problem on the requesting service
is the housecholder could be provided with a storage device, such as a

home VTR. On a deiayed basis requests could be filled during the night

‘to be available for viewing the next day. ' This delivery system requires

the following components:

- video library

- catalogue mechanism and acknowledgement

- receiver, decoder, descrambler and VIR per household

- addressor |

- VTR player per channel ' _ \

"= scrambler

In order to establish system capacity the following assumptions

. are made. "

5 channels can be used .for the service 24 hours per day.
30 more channels can be used from 1:00 a.m. to 7:00 a.m. - 6 hrs.
per day.

Total available - 5 x 24 + 30 x 6 = 300 hrs.

On each trunk, 300 program hours per day are available in-addi-

tion to normal broadcast T.V. Assuming that 80% of.daily requests are

repeats,. of other people requests, means that é%g = 1,500 hours requested

could be served per day. If 10,000 subscribers are fed off a trunk, 15%

can make 1 request per day for specialized programs in addition to normal

.television. At first glance, the system appears to be acceptable.
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An estimate of the costs for the system-are shown in below.

‘video library - 2000 table at $25 - 50,000 -
_catalogue 10,000 copies = 10,000
_ réquesting mechanism and acknowledgment. - telco NC ..

receiver, decoder, descrambler VIR -
1,500 at 1600 :

-$900, 000)
addressor. = 1,000
scrambler = 1,000
VIR player 40 at 3000 . 120,000

2;557,000 (in future -
: . '$1,057,000).
plus royalties and operating costs. :

"For 1500 subscribers this equates to a cost of $1704 per‘sﬁb—
scriber at present with a. future predicted cost in the order of $710 per

subscriber.

This service provides a high level of selectibility. The sub-
scriber chooses from what is offered in the video library and hagAa mﬁch
larger choice than in normal broadcasting. This éervicekcgn be~viewad>
as demanding a program. Since a home storage unit ié used,‘the time of
viewing is at the subscribers volition. Impulse requests cannot be

handled since a lag of up to 24 hours is required to answer requests.

“The billing could be made very selectable. Since the home VIR

is addressed, security is present and subscribers could be billed for the

“request. Possibilities also exist to provide various scales and dis-

counts depending on how many the subscribers requested the same program .

that night.

2,400,000 (in future 600 each

R
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The largest constraint on this service rests in the delivery
mechanism and the CATV system capacity. Using the listed assumptions, -

15% of subscribers could make one request per day. This is probably.

_quite adequate if not. conservative, as the service is in addition to

normal video programming. However, the assumption that 80% of all re-
quests are repeats is quite teﬁudus; If a video library of only 100
évents was available this is very possibie. However, as the library
size expands, the percentége of repeat rgquests is likely to decrease.
The exact percentage is highly speculative as the selection process is
difficult to imagine. It is apparent, fhough, that as the size of the
librafy growé that the lag_time would have to incréase, perhaps con-

siderably in order to provide the.programs. Therefore, flexibility and

" upgradeability are poor. Similarly, if a high’percentage:df*éubsdribers’

. R ----.;:A‘_ . )
desire.the service, the number of requests per subscriber that could 'bei”

fulfilled .would decrease. For example, for 100%~penetration on a 10,000
subscriber trunk and if only 50% of the requests were repeats, oniy 2
requests per subscriber per month could be shown.. The capacity of the
service would bé additionally reduced as conventionél broadcast services
extend their broadcast time to satisfy shift workers. Clearly this
system has only limited appliéation; even in\conjunctioﬁ with normal

broadcast services.

/See Table 7.



DELIVERY SYSTEM

1. Standard CATV
FDM Coaxial
Home VTR

2. Chafnel Groups
(CATV Grouping)
Home VTR

3. Channel Grbﬁps

Home VTR

39.-

Home VTR
Monitor channel

' 5. . Demanding Program

tHome VTR

4. Individual Program

TABLE _7

CAPACITY

35 channels
(with converter)

35 channels
(with convertor
- descrambler)

35 channels

_ (Subscriber Grouping) (with convertor

descrambler) -

35_chinnels

{with convertor

descrambler

300 hours
per day

RESPONSE TIME | RELIABILITY

Content - .N/A*  Good+

Timing - Fast '

Content - N/A* Good+

Timing - Fast

Content - Med. Good+
—> slow

Timing - Fast

Content - Fast Good+

Timing - Fast

Content - 24 hr. Godd+

Timing - Fast

* Subscriber response mechanism is not via cable.

+ Home VIR is high maintenance item.

x For timing selectability, poor security is acceptable.

SECURITY

Content - Good

Timing - Poor
(home VIR is
ubiquotous)

" Content - Good

Timing - Poor

Content - Good
Timing - Poor

Content - Good
Timing - Poor

Content - Good
Timing - Poor

STORAGE (WITH VARIOUS CONTENT SELECTIBILITY TECHNIQUES) o

FLEXIBILITY l

Flexible timing
inflexible content

Flexible timing
inflexible content

Good - any broadcast
program - any time

Good - any program
- any time »

Good - any library
program - everytime

PRIVACY

N/A

N/A

N/A

N/A

ﬁ/A

UPGRADABLENESS i

2 way compatible

2 way compatible

2 way compatible

Content § timing

selectibility high

- no upgrading
necessary

Not foreseen
as necessary
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The standard CATV system in Canada has evolved to offer an in-.

" expensive service with a low level of sélectability. Higher levels of

selectability for the present services could be offered but the delivery
cost to provide this becomes very significant (much greater than the package
cost). These higher selectabiiity levels thus seem inappropriate for

broadcast video programming.

"Increased selectability of video programming on.a CATV system

can only be considered likely if a selectable service is offered in

~addition to the non-selectable basic package. Various selectability

levels are considered possible.

'If high incremental cost programming is made available before

a two-way CATV system is available,'the selectable programming will be

offered in channel group(s) with CATV grouping. Traps or descramblers

seem most appropriate with the choice depending on service popularity.

If a two-way CATV system is available then selectability of
content and billing can be made on- an individual program basis. Channel -

monitoring via CATV and scrambling would -be used.-

The only way of increasing content selectability is by demanding
content. Demanding video programming content on a CATV system, except
for very specialized applications seems almost prohibitively eXpenSive,

and the selectability level is in fact restricted by a small program

" library. The alternate non-cable delivery tcchnique with a home VIR

seems best.
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The best. way of providing timing selectability is with a home

VIR. This can be used for the CATV system or for tapes obtained from a

"central program library. Security is not a concern and the subscriber

who wants timing selectability pays for the necessary hardware.
"A summary of video programming services and their selectabilities

. . { .
is in Table

}



SYSTEM
1. . Standard CATV
2. Channel Groups
(CATV Grouping)
3. Channel Groups
~ (Subscriber Grouping)
4., Individual Proéram
5. Demand Program
1
~ 6, Voting For Program
- .
. )
7. Auctioning a Program
8. Storage (With systems
1-4)
9. Demand Program

(Use Storage)

-

TABLE 8 - VIDEO PROGRAMMING SELECTABILITY

SERVICE SELECTABILITY

CONTENT TIMING
CHOOSE SUGGEST DEMAND CHOOSE SUGGEST DEMAND
Low Low
Med. Low
Med.- Low
High
High Low
High High
High* High
High* High*
Low to High High
High High

BILLING SELECTABILITY

Service Available, Duration Available

Service Available, Duration Available
Service Available, Duration Available

Service Used, Duration Used

Program Demanded, Service Available
Program Requested (if made available)
Program ’

Program "'Sold", Program Used

Service Available, Duration Avzilable,
Hardware Cost

Program Demanded, Service Available

*NOTE: This system might be unfair to some subscribers (i.e. for some, selectability might be low].
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BROADCAST DATA
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BROADCAST DATA

INTRODUCTION

Broadcast data is foreseen as a growing part of cable services,

augmenting the current audio and video entertainment programs. Some

| limited forms of broadcast data are currently offered by many CATV

operators by using character generators for bulletin board information.
Developments have also been carried out in many countries to provide a
link between the home television set and computer data bases so home

users can gain access to a large quantity of data in a matter of seconds.

A list of frequently mentioned data services is prepared and

their general requirements briefly described. Though the list may ﬁot be

comprehensive; it is believed that the services are quite representative
and those that are not mentioned would generally fall into the same cate-

gory as of one of those mentioned.

The choice of data delivery systems will be discussed and the
associated system and terminal costs analyzed. Those systems that appear
éither too costly or too limited in capacity will be quickly discarded |
from further discussion. Furthermofe, attempts will be made to determine
the.feasibility of amalgamating all the mentioned services to use a
comnon delivery system with the objective of minimizing the total system
cost.

Scrvices will be described in greater detail to defcrmine the

best selectability and billing scheme.
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POTENTIAL SERVICES

A list of potential data serﬁicés that could be provided through

cable is shown in Table 9. Those services shown are often mentioned .

in other studies. TFor example, electronic banking may be fitted in the

same category as information retrieval (request).

Control Functions Controlling Data

Table 9 - Potential Broadcast Data Services

Services ‘ Purpose Interaction
Electronic Mail Information Yes
Shopping Information Yes
Education Information Yes
Computer ~ Information Yes
Terminal '
Information Information No
Retrieval ’
(Capture)
Information , Information Yes
Retrieval
(Request)
Captioning . Information No
(Program Related)
Meter Reading Controlling Data Yes
Load Shedding Controlling Data No .

No

Addressing

Yes
Yes
Yes

Yes

No

Yes

No

Yes
No

- Yes

Video frame grabbing may be nccessary for both shopping and

education. Since video frame grabbing is described in scction

it will not be further discussed in this section.
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Services shown in this Table can be broadly divided into two

~types, i.e. information data and controlling data. Each mqy.require

interaction and addressing capabilities. 'Cdnceivably, both types of
data can use the same encoding and decoding scheme. Hence a similar

decoding device may be shared.

Controlling functions can be typified by

a) .Load shedding; which is basically broadcast/capture in nature, and

" does not .require any high sophistication of electronic circuitry.
Since it ié a remote on/off controlling.function, a si&ble-loﬁ'cost
tone modulation scheme may be used to minimize the terminai cost.
The receiver can therefore be a stand alone unit operating on a CW
carrier transmitted through cable. When the éarrier is ﬁresént;
the load is'switched off and when absent switched oﬁ. ~Iﬁ this way,
the load will be on in the case of a break along the transmission

med ium.

b) Remote connect/disconnect, which may be used for pay serviées,.dif—‘

- ferent frame grabbing services, -etc., -will be addressed But may ﬁot
necessarily require any response. Addressing capability which re-
quires highervsophistication is already built into thé requested/
addressed information decoder. This means that the same decoder

may be shared by this type of controlling function.

c) Meter reading - is again an addressable service but it also neceds

return capability for feeding back the read data. Similar to b),
the addressable information decoder may be used to provide this

service.
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Information services can be further subdivided into two types,

one being strictly broadcast andlcapture;’the,other one'being request and

- addressed. CATV systems may not be the sole provider of broadcast/capture

digital informétion services. Broadcaéters‘may decide to transmit Teletext
data 51m11ar to those in the U K. to prov1de news flashes,. captlonlng,
and other similar kinds of serv1ces that do not‘lequ1re interaction.
Hence, users who are not or could not be CATV‘subscyibers pould still
be able to receive some kind 6f'non—interactfve:inforﬁation service via
over-the-air broadcast (VHF/UHF or- even satellife); Though it‘ié‘
feasible, it is very unlikeiy~that a dédiéated televisién channel will
be used‘within the next ten years to bréédcasf information déta«éxcept

during the station sign-off period.

CATV systems can prévide one-or ﬁo?e\dedicated channel(s) for
informéfion da¥a services.‘:They could-bé provided both in broédcést/
capture and request/address mode. Requesfs could be made through a ke}--
pad éither via telephone line:or a‘repurHASign31 through the return
trunk of a CATV system. Furthérmore, it is also feasible for CATV
systems to insert encoded broadcast data onto every broadcast TV ¢hannel.
Using six lines per field yields aboﬁt 18 pages of data per television.
channel per‘éecond. Howéler, interfacing hardware including the computer
would cost roughly $S,SOO per channel. 'The iﬁferfacing hardware inc1udcs
a‘modulator/demodulator ($5,000) and a télevision line inserter ($3,500);
ThCrefore, it .is envisaged thgt should‘btoadcaét data be offered onfcablc,

the most likely route would be to use dedicated channels.

It might appear that a common decoder should be used to receive

broadcast data from broadcast TV stations'(broadcast/capture) and broadcast
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data from dedicated data channels (with addressing capability), so the

terminal cost at the user's home could be minimized., The following

section analyzes some possible conditions.

Conditions for Service Utilization

So far, three types of data services have been identified.

a) Broadcast Information. Brpadcast/captgre@information is basically .
provided by broadcast TV stations and is multipiexéd.with videot
during vertical blanking. Up to six 1ines~per‘field“canfbe-trans—;
.mitfedL - | | |

b) CATV Information, Reqﬁest/addréss or broadcast/capture is provided -

over cable systems by transmitting data on dedicated channels(s) and

can provide 600 pages of text per second.

c) Controlling. Controlling data may or may not be addressed can be
- piggybacked onto a), b) or both, or transmitted separatély using a

‘different transmission scheme.

' Depending on the priority of the types of data services, various
homé terminal receivers are foreseen. There are three basic home re—‘
ceivers. The first receiyer is strictl} for load shedding, ‘the second
is a soﬁhisticated fixed frequency receiver for request/addressed or
broadcast/capture services, and the third re;eiver is ; tunable version

of the second which can also be used for captioning of video programming.

Costs for each t ype of receiver are listed in Table . lLarge

quantities for each receiver are assumed.
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Table 10 Home Receiver Costs

Receiver Type o Cost ($)
Load shedding Receiver (Rx.1) % 20
Dedicated Data Channel Receiver :

(Rx.2) _ . $50 to 200

Tunable Data Receiver (Rx. 3) - §80 to 230

The possible use of each receiver is.shown in Table 11..

Table Home Terminal Receiver Version.

Desired Service v * Receiver
Controlling ....c.ovevvennn e ieeaa et Rx. 1%
Broadcast Information ......... e e Ceeeeeaess Rx., 3

CATV Informationm ............ .....,......}.......... Rx. 2

Controlling and Broadcast Information
(coincidentally used) .e.ievvveverrirnenaansnsases Rxo 1 & Rx. 3
(not coincidentally used) v.......evveveneenaeines N/A

Controlling and CATV Information

(coincidentally used)......... I 15 G
(not coincidentally used) ...ovveeivivianiiiienens N/A
Broadcast and CATV Information » )
(coincidentally used) ........ Cressie e «ee. RX. 2 & Rx. 3
(not coincidentally used)..eveveiinierannnn ceees.. Rx. 3
(coincidentally used and Controlling) ...... veeees RX., 2 § Rx. 3
(not coincidentally used and Controlling) ........ Rx. 1 § Rx. 3
@

*Note: Rx. 1 can be used for Load Shedding only.
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DATA DELIVERY SYSTEMS

Information/data services of various kinds are being offered

‘to many CATV subscribers by sending out textual information-in analogue

video form through one or more dedicaﬁed‘television channels. A video
display of textual informétion is provided by character generators.
rangiﬁg from a self-contained single channel typé limited to a few pages
of'memoyy t&ja fuily computer conpyoéieaumulti—chanﬁel unit whichvcan. |

have a few hundred pages of .storage capacity .and accept input data

‘from various wire services. Each character generator can sometimes be

{

_time shared by two or more different services. For example, it can

display manpower information during office hours and community message
! _

“or want ads after office hours.

These services are generally wéll accepted by CATV subscribers

as useful. However, there are many shortfalls in this method of pro-

viding such a service. To name a few:

a) Inefficient use of frequency spectrum. Each character generator
occupying a full television channel is used to.ﬁrovide generally
static information.

b) Excessive waiting time. Genérally, each character generator has
an active memory file of up to 16 pages. Each page is usually
displayed for about 10 - 15 seconds. In other words, an averége
access time for these 16 pages of information is about two
minutes. |

c) Limited“information capacity. There is a tradcoff between
acceptable access time and information displaying capacity.

!

¢) User storage is virtually non-existant. Should a user decide
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to record a page of information, (e;g. job opportunity), he must
have quick eyes and good memory or wait for the page to show up

during the next cyclé.

There are at least two methods to improve the effectiveness

and efficiency of existing data services .through analogue video.

One method is similar to the existing sy§tem in tﬁat pages of
text are delivered in analogue video fraﬁes; “Instead of displaying a
page for 12 to 15 seconds, 30 different frames can be tfansmitted
every second for the NTSC standard. Hence efficiency of frequency used

is increased by more than two orders of magnitude. However, in order

- to enable the user to choose the desired page amoﬁg those rapidly flipping

through, a digital code must be attached to each page both for ‘identi-

" fication and retrieval. Secondly, closed-captioning which is program

related could not be done with this delivery scheme. Thirdly, there

is a need for a frame storage devige at each users terminal and though

such a unit is commercial available, the cost is very prohibitive ($2,000).

Eventually, an electro-mechanical.frame. storer could be ..

available in quantities at the $100 to $200 range.

’ @
Another method is to encode the data in digital form for

transmission. At the receiving end, data is retrieved, decoded, and a
character generator used to generate the videb signal suitable for
displaying on a television screen. By transmitting data digitally,
roughly 600 pages of textual information can be transmitted every
second in the same video channel, which improves the efficiency by

another order of magnitude.
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There are a few digital home.information‘data system developed
in several countries. ' Examples are Teletext and Viewdata in the United -

- Kingdom, and Antiope in France,

Teletert'and Antiope both utilize a television channel for
deta transmission. While Teletext uses only two unused ‘scanning lines
during the vertical blanking period, Antiepe can be-expanded to use everf
horizontal scanning line of a televieion channel fer transmissionﬁ For A ‘
both systems data.is transmitted digitally and it hés been designed‘around.' V 5‘
a television:composite signal by using tﬁe active portion of a horizontal l
iscanning line with the'remaining portion, comprising of horizontal ;

sychronizing pulse, colour burst etc. unchanged. = _ " _ ‘

.One of the main advantages of designing a data transmission

\

system around a television signal is that if the data is an augmenting

! . :
part of the television program (e.g. deaf-captioning), the text can be _ ~W

‘multiplexed onto the television sighél during the vertical blenking and - o :
trensmitted as part of the video signal. To.a normal viewer, the data. | :1
linee would not be visible. Some viewers may use a speeial decoder

to retrieve the data which‘cen be mixed with the Videe image to become

an integral part of the picture.

- Viewdata was developed by the.U.K. Post Office which>also'
operates the telephone system in the U.K.. The system is designed eround
~ the telephone{eetwork whereby a user can request any one of the 60;000
pages effered by dialing the Viewdata centre. Information is transmitted

to and from the user through the same telephone line coupling through

a modem. It takes about two seconds to receive the text which can be

°




- 53 -

viewed on the television screen through a Teletext decoder. At the pre=
sent time, up to 200 telephone lines can be simultaneously interfaced

with a Viewdata centre computer. Design is being made to accommodate

"up to 600 telephone lines.

A CATV system could be used to provide Viewdata service.
However, to implement such a service in the U.K. through cable Qould
éost between 1,000 million and 5,000 million, a very substantial
investment.. Presumably, one main reason for such a high cost is tﬁat
CATV is much less popular in the U.K. than in Canada where national
penetration is over 50% and, for metropolitan areas, it rangeS‘from :
70% to bver>90%.

There is an advantage for sending Viewdata over the télephone.
in ;Bat security can be fairly well maintained. However, with the
limited number of.téiephone lines available for dial up, during peak
load fhere may bé a severe telephone traffic congestion which would .
annoy ﬁany users. In particular, some lines may be tied up for many.
minutes by heavy users taking an educational course, doing a catelogue
shopﬁing, etc. CATV systems -can offer a reiatiVely stable interactive
sefvice. Fﬁrthermore, since most data could be transmitted in a broad-

cast mode, there would be a minimal amount of interactive requirement.

It is quite apparent that data can be most efficiently de-
livered in cabﬁe by digital transmission. The following is an attempt
to describe‘the.system requirements which is envisaged to be most suit-

able fdr broadcast data.

a) A similar encoding and decoding scheme should be used for all

r‘ﬁ%"
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broadcast information data services in order to ensurc minimum
total system and terminal costs. The obvious choice is a digital
encoding system designed around the framework of an NTSC. video
signal. Available systems such-as Teletext and Antiope could be

modified and adopted as a suitable standard.

b) Digital data should be able to be transmitted and received through

to form a composite signal.

¢} Decoding device should have a provision for addressable features

‘by using a user identification code.

d) Decoding devices should have provisional attachment terminals
for other peripheral equipment such as printers, frame storers,
VTR's, and controlling switch devices. However, for controlling

functions, a separate unit with built-in RF circuitry and decoder

may be advantageous.

e) Since not all the data services are of textual form, packet
transmission would be desirable so that different types of ser-

vices could be multiplexed onto the same transmission channel.

Selectability-

Information data delivered using request/address can be
made véry selectable. The user may chéose a service from among those
offered and be billed accordingly. Rate sfructures may be based on
thernumber of requests, amount of information, amount of computer time

used, or even the availability of the information, in which case, the

either a dedicated video channel or multiplexed onto a video signal
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uscr may be billed for the direct cost of obtaining the fequested infor-

mation.

Information data through bfoad;ast/capture is much less
selectablé. The user either subscribes or ddes not subscribe and he
could only be charged on é flat rate basis whether he uses the services
or not. Conceivably, the monthly flat rate charge would be based

primarily upon the decoder cost.

Controlling‘data services, depen&ing on the functional re-
quirement could be made quite selectable. Though a stand—aiéne receiver
decoding unit could be made at a relatively low cost,.the installation
cost, which may include an array of power line switching .relays and other
necessary hardware adding oﬁ to the labpur cost, could be quite expen-
sive. Since the true nature of a controlling function is so far not
quite clear, it is rather difficult to speculate how these services should
be proviaéd except that the data could be broadcasf on a separate channel
or it may shafe with the channel(s) deéignated for request/address. type

information data.

Cost Estimates for Broadcift Data

A data transmission system for a typical CATV system would
comprise of a satellite compufer with medium storage capacity (less
than 10 Mbytetbr about 15,000 32 x 20 line pages) located a convenient

site in the system, preferably where all the return trunks converge

(i.e. the hub). This satellite computer may be linked to a central

computer with high storage capacity which would be used as a master
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data bank for non-popular spécialhinfo:amtion. Should a user requeét
such a piece of infOrmation,-thé satellite computer could make the same
- request to the central computer to run:the ;earch and send back the
~correct information to the user through the satellite computer. Cost

estimates for the service are shown in Table 12.

Table 12- Cost Estimates For Broadcast Data

Item B Cost (%)
Central computer with 10 front end data 300,000
. Processors
Satellite computer with video interfacing 35 to 100,000
unit
Modulator : 2,500
Decoders (Information data) ‘ 100 (50 future)
Vertical blanking broadcast/capture 100 (50 future)
Dedicated channel request/address 200 (100 future)

Decoder (Controlling data)

~Stand-alone non-NTSC compatible - 20

See Table- 13.



BROADCAST DATA DELIVERY SYSTEM

RESPONSE TIME ' RELIABILITY ~ SECURITY  FLEXIBILITY  PRIVACY  UPGRADABLENESS:

TABLE 13
o .. SERVICES - CAPACITY

‘Broadcast/capture low
in vertical blanking :
‘Dedicated channel ~ high
broadcast/capture
Dedicated channel ' high

' request/address

N A .

PN .

1 Stand-alone : low .

controlling data

average 6 s. good
average 6 s. good
average 6 . good
fast good

N/A

N/A

good

good

poor,

. poor

good

fair

N/A

N/A

gbod

N/A

N/A

good

N/A

fair
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Summary

Broadcast data can be divided into two major types namely in-
formation data and controllihg.Qata.- Information data.can be subdivided
into broadcast/capture and request/address. While broadcast/capture
information data could be provided by eithér_broadcast television stations
or cable systems, request/address ié assumed to be provided by cable
systems only. Likewise, controlling data would be proyided byiéable“

systems.

Digital transmission is found to be most efficient and suitable
for broadcast data. An encoding system designed around the framework
of an NTSC video signal with packet transmission, and-addressable capa-
bility would be most desirable. Though all broadcast dafa can be trans-
mitted sharing-the same format, a separate decoder with built-in receiver
may be necessary for handling the controlling data due to its non- -
intérruptable requirement .if captioning is deéired. Hence the encoding .
system for this data-may be somewhat diffe%ent~from information data.
A less complex scheme may~bé used so the terminal hardware méy be
produced for much less cost.

it
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INCAST DATA

INTRODUCTION

~ In order to determine the requirements for return signaling,

various services were analyzed. A representative sample of services

requiring return signaling follows. Although the list is not exhaustive,

it contains the return services most often quoted. ‘Those that have not

been mentioned would probably have characteristics similar to one of

those that are analyzed.

These services which require return signaling arve:

Service

- Electronic Mail

- Shopping

- Alarms

- Opinion polling

- Education

- TV Gémes .

- Computer tecrminal

- Meter readjn§

- TV channel monitoring
- Request for broadcast

- Financial Services

Billing

Transaction or message length
Transaction

Flat rate

Flat rate

Flat rate

Transaction

"Message length or transaction

Flat rate
Flat rate
Transaction

Transaction

Viewing these services in the selectability framework, scrvice

selectability for content or time is either not applicable or implicit.

Billing selectability, however, is a meaningful way of grouping. ‘It is

easily apparent that return signaling services may require incremental



inveétments in plant and terminal devices'which can be casilf apportioned
to thoée using theé services. It is also neceséary to apporfion the band-
width and usage costs to the subscribepf This can be done on a flat rate
basis or for some sexvices distributed according to usége by monitoxring

transactions,

Descriptions of these services and the characterization as to

their deliver requirements follow.

(&3

s
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CHARACTERIZING: INCAST DATA SERVICES

Alarm Service

Alarm services involve the monitoring of smoke sensors and
alarm equipment and transmitting its status to-.a central location. In
case of an emergency or malfunction, the appropriate agency has to be

notified.

For fire alarms a system malfunction could result in signi-

ficant property loss and liability, and for medical alert this mal-

function could result in death. For services of this critical a nature,
the system's condition should be monitored in the order of seconds.
Those delivery mechanisms that may providé confirmation in the order of

minutes or hours are unsatifactory. \

b

Each monitoring cycle need only be of a short duration with

1 bit providing the status of each alarm.

Response time, however, is critical. From the time of an

alarm until appropriate notification occurs only seconds should elapse

(7

with a desired response time in the order of ten seconds.

Opinion.Polling

Opinion polling is a service that could be undertaken with Jocal
origination productions to provide audience involvement in the program or
to provide marketing research information about various advertisements;

political stands or various other topics.

As a general rule most opinion polls could be phrased in a
multiple choice manner with either a yes, no, or an A,B,C response. The
incast message, therefore, from each subscriber need only be of a duration

of 2 bits to provide these types of responses.

‘.

o et
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For.most of thése applicatioﬁs, it ﬁould,be aésirablc fo display
the results of the quéstions to those participating so they have feedback
and can COmﬁare their feélings~with £heir peers. Indeed, without this
feedback, it is doubtful that the subscribgrs would be motivatc& enough
to respond, It is therefére evident that a reasonable reéponse timé'of

1 minute is desirable to tally all opiﬁions and diéplay the results.

With a 1 minute response time, no more than 60 x 24 = 1,440

requests per day can be monitored.

Electroniq Mail

| Electronic mail és an incasting service could only be used in
conjunction with a broadcast - addressed sefvice. An intioductory system
coyldzsatisfy'an existing communications need which is presently at least
partially satisfied (i.e. local correspondence). Both the telephone and

mail networks handle this traffic at present.

Twenty-two percent of present mail volume is correspondence and
thirty-five percent of mail volume is 1bca1.(8)‘ Most mail correspondence’
may be non-local as much local correspondence-is carried on the telephone

network but, in any cassz,Q a large local correspondence volume does exist.

Local correspondence could be considered a "trial" service as
it does not need the security of business transactions which will be dis-
cussed later. The correspondence service would be used to increase sub-
scriber confidence in the system as a prelude to '"transactions" which

(8) '
account for forty percent of mail volume. Also non-local correspondence

and transactions could be added with the addition of long distance data

trunking.
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The analysis below of the two existing networks which provide

correspondence services will help to characterize this service.

Postal Service - (Transactions and Correspondence only)-
- Response time -~ 1 to 7 days

~ Duration - 1 to § pages aVerage

- No. of Messages - 1 per day average .

- Receipt - at convenience of receiver

- Billing

minimum flat rate per message sent

if weight greater than minimum,
billing is dependent on weight

and destination

1

no subscription fee.

Telephone Service

Response time - 60 seconds_at initiation, insfan—

taneous afterwards

- Duration - 1 to 10 minutes

- No. of Messages - 1o'per day

- Receipt - at convenience of sender and. consent
of receiver

- Bilking - subscriptioh per month (in Canada)

- for non-local calls, ré?e dependent>on
message length. (time), destination, and
time of day

- installation. fee. '

The major "defect" in the present postal system is the response
time which necessitates little or no interaction. Also messages which
must be answered relatively quickly (in the order of hours) are not

suitable for this system.

AR U UV RNU S SN
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Telephone service has a high degree of interaction and thus a
faster response time but receipt of message is dependent on the coinci-

dental availability of both the sender and receiver.

For ndn—interactive’correspondence, a one hour response time
would be adequate (i.e. a message is available to the receiver within
one hour of,transmission); Single messageé weuld vary in duration from -
about 500 - 20,000 message bits. About one message.pef day would likely

be the average traffic with businesses exéeeding this amount considerably.

Each message would have a header containing bdth the sender and

receiver addresses.
Billing could be based on subscription, number of messages

sent, duration of message, time of day, or any combination of these.
Security; would be necessary, although the incast message would

be secure by nature. (see Appendix 4).

Seéurity in the downstream direction is more critical and
is discussed in the Broadcast - addressed services discussion. - ,
Shopping

Electronic shoyﬁing can be performed in two basic ways. One is
to perform a search through a list or catalogue of items and manually
record information such as price,-appearance, etc. The alternative is to

request information about a certain item (or group of items) and have

the desired information automatically displayed.

The first system is a "response interactive' system in which
the subscriber responds to an ‘index or standard list and cannot initiate

an interaction. This service requires a simple home terminal with the
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capacity to transmit the desired page number and to receive the broadcast

message. Fdi.many comodities, a frame-grabbing device in the hbme would

be necessaryito-inform the subscriber about the product. For others, such

as groceries, a display of commodity name and price would be sufficient.
Reduired responée time wouid Bevin the order of;tén seconds

with each request consisting of é page number of some three‘digits

(twelve bits). The number of requests would be in the order of one hundied‘

per day.

Security for this system would not have to be important as

no transactions would take place.

Subscribers could be billed for a subscription to the service

“or,for a requested page of information or a combination of the two.

Billing rates for requests could be dependent on time of day to eliminate

peak loading on the forward transmission channel.

The alternative system would carry much more incast traffic as

the subscriber would have to initiate an interaction. The commodity name

would be transmitted and the subscriber would receive information about
that commodity. Searching and sorting would be automatically performed by
a central computer.

Sorting could be made selective (e.g. instead of sorting for all
ketchup prices, only prices of 0.5Kg ketchup bottles would be transmitted
to the subscriber).

Incast chamnel traffic would be small messages containing =~
commodity type and other relevant information (approximately 200 bits).

A ten sccond response time is desirable.
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Financial Sexrvices

. Financial services requires an ‘identical transmission medium to

that required by the final phase of_éhoppingror Teietext,- (i.c. a high -

degfee of interaction (subscriber inifiated and security).

.These services @ould require-a real timetconnection between the
CATV central computef and the financial institutions central computer. |
Many 1arge.financia1 institutions presently have centralized data prd—
cessing from their branches. This-service would extend the'terminal to-

cach home. .

No frame-grabbing is necessary for any financial transaction

“but hard copy would be desirable.

Computer Terminal

A coﬁputer terminal is a specialized service. The cable is
acting as a communication path for this device. Although this applica-
tion is‘very_general, avmaximum data.rate‘pf 110 bits per second is
adequate. Computer traffic is very bursty, with the average data rate

) : : A\
being considerably less than this--probably less than 5 bits per secondgg’

. Usually, the computei terminal is idle waiting for the operator to type in

© : . .
a message. Incast transmission could be with full or half dupleéx. Because

of the difficulty in detecting program errors, full duplex or a positive
acknowledgement with parity is recommended. This results  in more loading

on the forwaxrd path.
Education
 LEducation requirements in the incast direction could depend on

the format of the broadcast stream. _TWo basic types are visualized.
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The first type involves home classrooms witﬁ IGSSOﬁs simultaneously
being transmitted to many locations.. For public schools, this would
mean dédicaﬁing eight broadcast Channgls during the day. Incast data
requirements would be useq to monitor thé progress and understaﬁding of

E 1
students. This could be handled similarly.to the "opinion polling"

oI TV games service with a fast response time.

Alternatively education could be offered by'ébmputér aided

instruction. For this method the home computer terminal has identical

 requirements.

Meter Reading

Meter reading could be implemented in various ways and have

dififerent requirements depending on the type of meter reading desired.

At one extreme for single rate metering it is only necessary

to read the meters once a -month (a billing period) to determine the

consumption since the previous reading. This would involve transmitting =

a message -of about 9 bits if binary encoding is used or 12 bits if BCD

encoding is used to detect the added consumption per meter per month.
This transmission could b® commanded from the hub and therefore a re-

ceiver and control logic in the home is needed.

For Fime of day metering, readings would have to bé taken at
the beginning-and end:of each rate step to detcrmine the consumption
while that billing rate was in effect. Depcnding on the number of rate
steps,'this woula probably involve at least two readings and perhaps up
to twenty-four if.this was done on an hourly basis. As the pefiod be-

tween readings decreases the additional consumption decreases and the’

e
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message length-required to transmit the information would be thought to

decrease, However, to avoid significant rounding errors, it is probably

"necessary to maintain the same significance as the monthly flat rate

system and transmit 9 to 12 bits.

Although it is moré inefficient in transmission capacity,
a different approach could be used to minimize the home ferminal cost.
The previous approach required a recéive? aﬁd control logic in,thé home
terminal., This could be eliminated if one were to dedicate a single bit
to monitor thé least significant digit of each meter and transmip its
condition éontinuélly to a central office. By monitoring the condition

of the least significant digit in the meter the head-end could count

-revolutions. in the dial and determine the total usage remotely and in-

dependently of the meter, This system would be satisfactory for either
flat rate or time of day billing. It.would have fo be monitored suf-
ficiently often such that under maximum conéumption a count would not
be skipped between readings. For a monthly flat rate metér, reading 1
scan per hour is probably sufficient. For time of dqy-billing however,

1 scan per minute is probably more appropriate.

TV Channel Monitoring

TV channel monitoring involves monitoring the channel which is
viewed by the subscriber for pay per view pay television, Nielson rating
or various markéting survey applications. Assuming that up to 30 channels
gré offered 5 bits are needed to encode the channel being_viewéd. If for .
mérketing research.applicationé commorcials need to be monitored, it is

necessary to repeat a scan every 10 to 15 seconds to provide at lecast 2

~samples during a 30 second commercial. For Nielson ratings or per view

pay television, however, it is only nccessary to monitor every 5 to 15

minutes for the same certainty.
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Requests for Broadcasts

The delivery requirements for requests..for broadcast naturally

depcnd.on the nature of the request. If a movie is to be chosen from a
specific video library or if a page of inforﬁation is to be chosen, they
could all be requeéted-by transmitting baék éimply an item number, The |
message length required to request a specific item therefore is dépendent
on the number of items in a central iibrary. For example, 14 bits are
quiteisufficient to address up to‘more'than>l6,000-different items. Since
the subscriber is making a request, it is desirable-po have a confirma-
tion. In the case of the short service time article, such as frame
grabbing, a fést response time probably in the order of 10 seconds is
required. The usége of the service will determine the number of requests
inda daf, for sérvices of the information‘retrieVal) and video 1ibrary

nature. Probably around 150 requests bex day can be assumed.

It is important‘to realize‘fhaf this is a very elementary re-
questiﬁg scheme. More sophisticated schémes wﬁere mévie titlés dr
specific pieces of information are addiessed'byfnamc Would neéd a mucﬁ
greater message length and faster daté rate and requirg some type of
alphanumeric keybdard. These then become very similar to their require-

ments to the faster and longer message of a shopping or banking service.

Characterization Summary

The data .incast services that were charactefized appear to,
fall into three general groupings. These are the faster, longer and
bursty type services such as electronic mail,‘shopping, hhnking, educa-~
tion, and home computcr torminéls. Also, there are the continuéus
short monitoring scrvices sﬁch as alarms,'pﬁgo requests, Nielson rating

and monitoring of the channels which were watched. There are also
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polling services such as meter reading; opinion polling, and TV games. A

summary of the delivery requirements and their catcgories is shown in

Table 14.




=72 <

‘Electronic Mail

. Alarms

Opinion folling
Shopping - Search:

- Request
T.V. Games

~ Education - Polling

- Computer aided
instruction

Computer Terminal
Mefef Reading - Monthly.
A - Time of Day
- Acéumulating Monthly

- Accumulating Tim
of Day N :

T.V. Channel Monitoring
Requests for Broadcast - Simple

- Complex

- Financial Services

*

Table 14 - Delivery Requirements of Incast Data Services

Response

. Time

1 hr.
10 s
60 s
10 s
10 s
10 s
10 s

Average data

10 s
10s ’
See Shopping

Message
Length

50-20,000 bits
1 bit/alarm
2
12 bits.
. 200 bits
2.bits
2 bits

rate 5 bits/s
9-12bits/meter
9-12bits/meter
1 bit
1 bit

5 bits
16
200

Number of
Scans/Request Maximum Information
Per Day Transfer Rate
. 110 bits/s
8,640 slow
1,440 o slow
100 ' " slow
20 110 bits/s
8,640 ., slow
8,640 . . slow
110 bit;/s
110 Eits/s
41/month slow
2-24 ’ . slow
24 slow
3,600 slow
288-8,640 slow
150 ~ slow
150 ' 110 bits/s

Classification of
Service

bursty

.. continuous monitoring

polling-
continuous mdnitoring

bursty ‘

polling

polling

bursty

bursty

polling
polling
polling
polling

continuous monitoring
continuous monitoring
bursty
bursty
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INCAST TRANSMISSION METHODS

With these delivery requirements in mind alternative trans-

mission methods can be examined to determine suitability. A review of.

two-way cable television technology and ‘home terminals is included in

Appendix 5. When considering this problem, questions immediately
arise. Is it necessary to install a cable return path? Will the al-
ready in existence telephone system be adequate for these services?

What is the comparativé‘cost_involved,in both cases?

A1l of these services require 'slow data rates making the tele—d
phone system for the return path quite acceptable. Indeed some infre-
quent reqdeéts can be.handled by verbal ofders over the telephone.
Expanding to digital services by using.the;tdne encoder on push'butfon
téiéphones is possible for many services. For fasterldigital services
a-}lO bif per second modem is required. It is apparent thét thg present
telephone system is quite capable of ﬁrovidiﬁg a signal path for these

services. .

Services such és alarms anleV éhaﬁnel monitéring which-rdquire
an almost continuous transmission path necessitate the installation of
additional dedicated linéi‘ Mdst_other.gervices, at least initiélly could
be piggybacked on the present telephone system. As usage grows, agaip

additional dedicated lines may meed to be installed to ensure tclcphone

availability to other members in the household, and for other services.

‘When the frequency of use increases significantly, it is appropriatc

to consider cable.
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An example of this is meter reading. For monthly meter recad-
ing, the telephone system obviously has a competitive advantage if a

two-way cable system is not in place, as it already has the transmission

- medium and the addressing means, and system loading is minimal. .However,

if time of day metering develops cable may Be a more appropriate alter-
native és the frequency of requests and sys£em 1oéding'hasfincreased
significantiy: An éltéfnative could be to install a‘log31 memory in
conjunction with the telephone syétem to accumulate and store the bill-
ings and transmit it less frequently. This still needs to be compared

to cable as it is not obvious which method should be pfeferred.
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RETURN SIGNALING TECHNIQUES ON CABLE

There are basically two different philosophies for two-way
systems. The vast majority’of all home terminals and systems are of the
interrogate response type. ‘Examples of this type are fhe RCA, EIE,
Telcin, Hﬁghes-Theta Com, Tocom, Communicom, Vicom and Qube home ter-
minals and various other designs that did not develop past the prototype'
stage. A central computer individually poils each home terminal to see
if it hés a méssage and check iis status. The hqméAtérminal responds
confirming its address, sending its status,.and giving any message
present. The éystem is sequentially polled checking thé status of
indiﬁidual terminals. Terﬁinals for this type of system pfesently
cost in fﬁe $165 to $300 range, although in the future they could
pogéntiaily sell for $75. |

Another two-way system philosophy is the listening, area

(10), In this de-

muitiplex system developed by Cp—axial Scientific.
livery scheme communities are divided into service areas of the distri-
bution amplifiers. Wi£hin these areas an F.D.M. technique is used to
assign each subscriber hoﬁe terminal a differeht frequency. The home
terminal continuously tru@smits only a status and message word. The
control computer interrogatés the entire distribution areca at once by
. . . :

closing a code operated switch located in the return signal path at

the distribution amplifier. A.re;eiﬁer at the central location merely
listens to the home terminals in tﬁat area to dptermiﬁe their status.

The central computer then proceeds to the next area where the same

frequencies can be re-used and continues in this manner sequentially
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through the other distribution areas in the--system.

ThéAhome terminal for this system, because it does not need
the receiver and decoding logic of the interrogation responsé units,
would presently cost in the $60 range and could be expected in future

quantities to be in the $20 range.

A brief description of the various development efforts is

in Appendix 5.

Another potential transmission method which has not as yet

been developed for cable is Packet Broadcasting. Packet brqadcasfing

()

where data is sent from one point to another by
broadcasting over a communication channel which is shared by a large

number of nodes. The system was dgveloped in the late 1960's in Hawaii

and has been called-the‘”ALOHA system'. .This'system has been in oper-
(12)

ation at the University of Hawaii since 1970.

The packet system is capable of_originating requests and

_ does not need to be pelled as in an interrogation~respbnse system.

Instead, when a message is ready to be sent, the home terminal transmits
the packet and waits for a positive acknowledgement. If this is not
received within a certain period, it transmits the message again until

it is acknowledged.

Packet broadcasting is especially useful and efficient for

"bursty'" types. of communication. (i.e. the average data ratc is signi-

ficantly less than the maximum date rate). Almost all interactive data

communications systems can be categorized as being "bursty'". This
"burstiness" of data traffic has also been used to create efficient

communications trunk networks which use packet switching (e.g. DATA PAC).
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Packet broadcasting is a more uncontrolled form of data communications
which essentially takes advantage of the same efficiencies. A potential.
packet broadcasting home terminal is similar to any completely inter-

active home terminal (i.e. it contains a keyboard, memory, both a trans-

‘mitter and receiver, and a display capability).

The packetized portion of the terminal which is software con-
trolled by the microprocessor'is essentially free. The HF modulator
transmission time is controlled by the microprocessor. A packetized

terminal is then equivalent in cost to a Vu-Facts receiver plus an inter-

~active home transmitter, and could be expected to cost presently around

$200 decreasing to $100. in quantity and potentially $75 in the future.

Packet broadcasting is not evitable for alarm services where
o . o ) .
regular monitoring is required but is suitable for interactive services

where communication is bursty. An average data rate of five bits per

9 e . .
second (9) for any active terminal can be conservatively assumed.

An analysis of various packet broadcasting transmission methods

to incast the home terminal information is contained in Appendix 6.
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COST OF PROVIDING TWO-WAY CABLE

Regardless of the.transmission method, fwo-way cable has common
iequiyem@nts. Because of the configuratioﬂ of present systems ingress and
noise collects in the cable system drops and distribution areaVQCCumulating,
és in a funnel, towards the central hub.  Ingress imposes by far the most
critical requirement. Early two-way tests were piégued by unreliability
resulting from ingress. (13)It is therefore our opinion, and to some ex-
tent generally believed, that the ingress must be stopped from accumulating
in a CATV plant by blocking it at various .locations. The most appropriate
location appears to be at the bridgef. Co-axial Scientific, Hughes, Qube
and Tocom-ali use switches at the bridger of somewhat different formats.

As an alternative, digital systems could have regenerators at this location.
For the purposes of this study, similar costs are assumed.regardless of

whatever method is employed.  The following is an estimate of the costs

of providing a system with two-way communications.

It -is assumed that a 525 mile, two-way compatible system is
being updated. The system has 325 trunk bridger amplifiers and 1800

line extenders. Average density is 110 subscribers per mile,
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For each trunk bridger amplifier the'following is required.

- 5 - 30MHz return trunk amplifier | . $100

-5 - 30MHz return bridger amplifier _ 100.

- équalizers : _ 8

- bridger filter, blocking device and housing ASSO

- two trunk filters 40 -
$578

For 325 amplifiers the cost is $578 x 325 - §187,850

For.each line extender

- return amplifer : . $ 50
- filters - 20
$ 70

" For 1800 amplifiers the cost is 70 x 1800 = $126,000
‘Standby Power - one for every two trunk stations

(allocate % cost to return and % to forward).

$1200 each x 4 x ééé—'= $97,500

Therefore, the total cost of the two-way system is

$187,800
126,000
97,500

$411,350 for 525 miles of plant

$783 per milé

or 110 subs per mile - $7.12 per sub

1

if 20% return penctration - 22 return subs per mile

the .cost per return sub = $35.60
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To this must be added the head-end and terminal costs which
are dependent on the transmission scheme. The transmission methods
can now be evaluated to determine which ones are appropriate for the

different classifications of requirements.
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TRANSMISSION METHOD EVALUATION

Continuous Short Monitoring Services

Continuous short monitoring and their requiremehts are listed in
Table 14. Alarm services are representative of the requirements. Con-
tinuously and at short intervals’(about 10 seconds) the status of the
alarﬁ»needs to be checked for operation and condition. The épplicability

of the different transmission systems in analyzed.

If the listening, area multiplex system is used, transmission
overhead on the system in minimized as the terminals do not have to be
addressed. Handshaking does not occur because the terminals are identi~
fied by area and frequency. Inexpensive home terminals without receivers

and decoding logic can therefore be used.

N

Hub costs for using this system are shown in Table 15.

Table 15 Hub Costs for Listening System

\ Item o Cost($)

- reéceiver (500 channels - for a large system) $100,000
- code operated switch addressor 5,000
- central computef with perepherals 30,000
- standby processor _ 10,000
- software : 10,060
- miscellanéous equipment 5,000
TOTAL | $160,000

A subscriber teérminal costing $60 in small quantities is re-

quired, with moderate quantityprice estimates of $35.00.
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Therefore, the cost per subscriber for the area multiplex listening

$160,000

stem is
systen N

4+ 35 where N is the number of subscribers.

Alternatively, an interrogation response system can be used.

Generally, due to the short message in comparison to the address length,

most of the traffic consists of transmitting addresses. This results in

an inefficient use of the communication path. Costs of this system are as
follows:
- Central Data system - $30,000 per 2,000 terminals

-~ Home terminal - $150.

Therefore, the cost per subscriber for the interrogation response

30,000
2,000

system is 150 = §165.

Now we can examine the point of indifference from a cost point
of view between these two systems.

160,000 . _ 30,000

N 5000 * 20

<. N =1230

Therefore, if more than 1230 terminals are required the area
multiplex system is preferred. The point of indifference is actually
much lower as for this sizg of a system a smaller less expensive receiver

could be used.

At the 100,000 sﬁbscriber'capacity of the area multiplex system

" subscriber coéts.drop to 36.60 per subscriber, significantly lower than

the almost constant $165 cost of the interrogation responsc system.

A packet system could also provide this service. However, since
its costs.are similar to the interrogation responsc home terminal, area

multiplexing is preferred. Also a packet system without a receiver could

=]




provide monitoring'services by randomly transmitting the status. This would

involve every terminal transmitting its address and message such that it
would be received every .10 second;. This would necessitate a 15 bit addréss
ttq allow for 32,000 termina}s), and a packet length select bit to indicate
either a short packet length for monitoring or longer for upgradeability,
and 2 16 bit message. Therefore, every 10 seconds 32 bits of throughput
from éach terminal is required or 3.2 bits per second. As can be seen from
the various packe£ schemes enumeréted in Appendix 6 this would have.a gig—
nificant loading on the system. Also as the home terminal is considerably

more complicated than the area multiplexing system and therefore more

costly, the listening system is preferred.

4 With 14 message bits, fourteen independent conditions can be

monitored or if the conditions are mutually exclusive up to 16,384 states
« )
determined. This is ample for monitoring and ideal in transmission

efficiency as addresses are not transmitted. Therefore, for services of this

type, the low cost area multiplex listening system is preferred and has

adequate capacity.

Bursty Message Services

Electronic mail, shopping and computer terminals are typical of
services of this type. For their requirements the area multiplex listening
system is unsuitable as it has a fixed short word length and is non inter-

active having no data receiver.

A polled, interrogation response unit could be used to provide
these functions. Because it is necessary to poll terminals to determine
if they have a message, a considerable amount of time is consumed needlessly

as most terminals will have no message. - Additionally if many messages

e
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occur with long transmissions the polling rate is necessarily slowed down
resulting in a slower response time. A technical description of interro-

tation response implementation is in Appendix 7.

A packet system is ideal for this type of service. Since:it
does not need to be polled,‘but can initiate messages if and only if it is
required. ‘This is very efficiént for this type of service, Projécted
cbsts'for a éuitable terminal are in the order of $150. A techniéal
description of various packet implementations for these services are

listed in Appendix 6 .

" Polling Services

Services which are suited for polling ére fhoée such as.ﬁeter

reading,lopinion pelling and TV games wheré the time for monitofing the
o X

home terminal can be acceptably controlléd from the hub or data communi-
cations centre. The ihterrogation response terminél is ideally suited
for these services as communication need only occur when conditions‘need
to be monitored. This results in efficient use of the system. Because
the packet system has a receiver it also can operate in the interrogation

response mode.

An alternate approach using the packet system, for services
‘such as meter-readings, is to automatically transmit the meter readings

at predetermined intervals. This eliminates the need to interrogate the

unit. This is beneficial in that the receiver portion can be tuned to a

video channel for captioning or subtitle purposes.
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-
Depending on the evolution of services, it may be desirable to

consider the capabilities of the area multiplex listening System as this

terminal could easily be the first to evolve.

Capabilities of the Area Multiplex System

Although the.‘listening‘ system cannot be interrogated qnd is
therefore not ideal for applications such as meter reading and opinion
polling, individual message bits can be dedicated for this purpose. ~Sinc_e
these are transmifted continuously and only used occasionally, the systenm
is inefficient. However, due to the lower cost of the home terminal and
the likely evolution of twd-way, this is an alternative. To illustrate

its flexibility the following assignment scheme is listed for the 14 bit

message.
TV Séleét ‘ 1 Bi£ o Interactive Response
TV Channel Monitoring 5 Bits
Pay Scrambler 1 Bit * . Response/Request
TV On - TV Off . 1 Bit - (1024 Alternatives)
Meter Reading - 3 Bits
Alarms 3 Bits - Alarms

o

When the control switch is in the TV select position, the home

~terminal inputs monitor the TV channel, scrambler, 3 utility meters and

“TV condition. ’

When the switch is in the response mode the TV select features

‘of a converter are disabled preventing the channel from being changed.

If the TV set is on, the interactive mode is used while if the TV set is

off, the terminal automatically switches to the TV select mode to monitor

. the meters,
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Since the meter rcading mode does not operate continuously, each

meter has to be sequentially cycled into their respective bit at a clock
rate greater than the scan time (about 30 séconds is appropriate). This
requires a shift register to input the serial information. A block dia-

gram of the encoding network is shown in Figure 1.

Using this assignment scheme, the terminal can monitor 3 alarms,
the channel being watched, a pay scramblef, and three different meters as

well as provide response or request services for 1024 items.

It is therefore evident that depending on the evolution of
services, because of the cost advantage, the listening area multiplex

system probably will initially be used to provide the 'polling' services.
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SUMMARY

Although it is possiple to use the telephone system for all of
the incast daté services, the loading generated by ﬁany of the services
would necessitate installing additional dedicated lines. Alarm moni-
tdring and TV chaﬁnel‘monitoring arec examples. For these continuous
monitoring services the listening, aréé multiplex systém over céble should

be used as it is inexpensive and flexible. This method is not capable of

truly interactive services, because it has a small message length limited

to simple responses, but it is adequate for services foreseen in the near -

_future.

When interactive services.such as.electronic shopping and com-
puter terminal applications are introduced, the telephone system again is
iddal as these could be piggybacked with low additional cost. Competitive
with this, if two-way cable exists, is an interactive CATV system. When loading,
usage and popularity increase such that in using the telephonc: system, a
dedicated line is required, the pgcket incast or interrogation response
system has a definite competitive advantage. A cible terminal could then
be provided on a selectable basis to those desiring this added capacity

at a cost of less than $100 per subscriber.
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OTHER VIDEO SERVICES

Other video éervicesvcan be provided on cable which fall into

none of the previous categories. One is incast video services.

Two possible tyfes of incasf video services are foreseen fof
CATV systems. The first éervice would consist of local origination -
progrgmming'tb be incast to the hub where it can be processéd for §imu1-.
taneous broadcast. The expected traffic for . this service>ié 1ight and
programs would tend to originate from only a fewvlocafions (e.g. public

buildings, -arenas, etc.) The second service is a video monitoring

service that would incast a video frame to be received at the hub for

retransmission to the appropriate location. Some example services are
traffic monitoring at major intersections and a remote video surveillance

ot

system to provide security (similar to slow-scan television).

Another video service required in the future is frame grabbing.

This is also discussed in this section.
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COMMUNITY PROGRAMMING

Due:to the expected light chanhel'loading of live community

programming on the incast system, it seems unwise to dedicate 6MHz of

bandwidth to this service on the entiré system. A dedicated cable to link

the transmission origination point to the trunk or, perhaps, the head-end
or hub would not use bandwidth on the CATV distribution system. Fortunately
most local programming would originate at only 'a few selected points

so this approach is feasible (a minimum of redundant cabling is  incurred).

Selectability does not pertain to the incast portion of

<community programming but does pertain to the broadcast portion. As has

been mentioned, significant costs are incurred by the CATV. operator in
producing community programming. The techniques for obtaining select-
ability for the broadcast portion are outlined in the section on broadcast

video services,

i~
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VIDEO MONITORING

Due to the high cost of security services to monitor closed

'>cirCuit television (CCTV) systems on site, an alternate system bringing

the CCTV pictures from various locations to a.central monitoring point
could reduce the amount of laboﬁ? neéessary to provide security and thus
potentially reduce cosfs. In addition, smaller commercial establish-
ments which desire continuous service, but cannot afford the necessary

labour rates could be monitored at a small incremental cost.

Some security Servicés are provided in a similar fashion by
using slow scan television over a narrow-band communications link.
The System is shown in Figure 2. Note that a scan converter is neces-
sary at eacﬁ transmissioh site and that a single 4KHz communication line
o ’ ’

is used from each camera site to thefreceiving site. There are, then,

few economies of scale to be realized using this system.

. The CATV approach is shown -in Figure 3. An addressable switch
i§ substituted for the scan converter and a GMHz communication line is
time-shared. The 6MHz line can be shared among severél security
companies, traffic_monitoring, and other de;ired services. Economies
of scale are realized as the transmiséion site hardware ié reduced (no
scan converter). The 6MHz channel is only available if the CATV system
is return-feed.compatible. Otherwise it is very expensive. (See section

on Return Costs.)

Selectability is provided“at the hub of the CATV system and

"is software controlled. Only the information desired by each party is
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Figure 2 Narrowband Video Monitoring
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reccived by that party as security is important. Either a.scrambled
signal broadcast on the CATV system or a dedicated cable from the hub
to the monitoring point can be usgd to proviﬁe security and seléct—
aﬁility. As previously mentioned, the incgst system is secure due

to system configuration as well as to the time-sharing of the channel.

Present and future costs for the transmission site are

listed below.

TX SITE COSTS (EXCLUDING CAMERA)

Present Cost ($) Future Cost ($)(Quantity)

Modulator 700 100
BPF ' 150 50
Addressable Switch 150 ‘ 50

. The "future" costs are based on inexpensive present items

which are commercially available (e.g. video game modulator).

3
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STILL PICTURE DISPLAY

Several services such as electronic shopping and electronic
mail require a frame grabber to display a picture. For compatability
with a television receiver, NTSC format must be used. The resolution

provided in this delivery method is adequate for these services.

A frame grabber is basically a video storage device which

is capable of storing one frame of 525 line NTSC standard video. By

repetitively scanning the same frame at the rate of roughly 30 times

a second, a video display of effectively a still picture can be achieved.

During transmission, a continuous string of up to 30 different frames

may be transmitted in every second. It would be virtually impossible
for a viewer to see what is coming through without providing automatic

7

circuitry to capture the frame the viewer selected.

A frame can be treated just like a page of information. It
can be easily numbered and digitally encoded similar to broadcast data.
By transmitting the video frames with limited lines of information data,
the same broadcast data decoder may be used to identify the correct
frame and activate the frame grabber. At the same time, it could aiso‘
be used to display the textual information associated with the frame.

Synchronizing pulses needed for the video -signal could be locally

gencrated or use the incoming signal as a reference.

The current cost of a frame storer is roughly $2,000. An
clectromechanical field storage device for consumer use has been made

by a company in Japan but is not yect available in North America.




Conceivably, such a frame storer could be made available for less than
$200 in large quantities.
For many services a hard copy display of the video frame is

desirable. An NTSC compatible hard copy device could provide hard copy

, for both still pictures and data from the character generator.
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EVOLUTION

The selectability presently offered to CATV subscribers is

poof—billiﬁg for the service 'is flat rate, all or nothing, and content

is chosen from among what is offered. The subscriber has the choice

of purchasing or leasing a converter to increase his channel offering

from 12 to up to 30 channels.

To evolve from the present system to one offering more selgéta—
bility with the same program offering is difficult. Much additional

hardware would be needed. The average subscriber would have to pay more

to cover the cost. For channel selectability, this would involve scrambling

channels and providing those wanting access to the channels

 with descramblers. While selectability of billing is increased, those

: : \ :
¢ 3 . . » - . .
choosing less than full service will experience a decrease in selecta-

bility of content. To provide more than a few levels of sélectability

(é or 3), it is necessary to incorporate the descrambler with the con-
vertor. This poses serious problems as.converters are universally
available and often‘pwned by the householder. Interfacing with various
cénverter designs is difficult especially since this would mean modifying
éubscribér owned hardwarg. The security is alsoidecreased considerably
as the subscriber unit, which he justifiably has access to and can tamper
with, 'is an important block nccessary for providing billing security.

This is unacceptable.

An evolution to a per program system increases billing éelccta—
bility with 60 decrease in content selectability. For increased §electa-
bility this seems ideal. A per program system can be implemented for low
coét'by monitoring the converter channel if a two-way CATV nctwork already

exists but does not justify the cost of that network. Per program billing
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will therefore have to wait for the introduction of the two-way monitoring

services,

Modifipations to and security of subscriber owned converters are
again a problem. The cable company could provide a converter/descrambler
but' this would render the subscriber converter obsolete. This seems
socially irresponsible. If the sale of converters were to cease immedi~
ately and converters only leased by cable operators by thé time two-way

services evolved, the converter problem would be minimized.

While the level of selectability presently offered is poor, it
is appropfiatc for the costs involved. Delivery costs are basically fixed
and do-not vary significantly by adding or subtracting channels, and the
program package cost is 10& or free. The present CATV system is a cost
effective delivery mechanismvfor providing preéent‘services.‘ To increase
his timing selectability, the subscriber has the option of purchasing a
home V.T.R. This‘effectively increases content selectability as well.

The subscriber ownership of the V.T.R. is not undesirable.

In the near term, Pay TV is a video proéramming service providing
increased selectabilty, The package cost of this service is significant
so increased delivery’costs to provide billing selectability can be justi-
fied. Scramble-descramble ié the ﬁreferred technique as it offers

flexibility and upgradeability to include other programming.

7

As was mentioned, a two-way CATV system is required to provide

. selectability or a per program basis. When the two-way listening area

multiplex system is installed for various monitoring service (c.g. alarms)

per program video may then reasonably become available if considered

desirable. It is imperative for these services, that the CATV system

maintain control of the home terminal. Any monitoring service is inherently
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non selectable and would be billed on a subsciiption-basis. Of course,

choosing among the various monitoring services is at the subscriberfs
discretion.

For data transmission to the subscriber, the NTSC fbrmat is
recommended due to its versatility in providing frame>grabbing and
captioning as well as interactive data services. ' A non interactive
brpadcast/capture information data service could be offered using this
receiver. Selectability of this service is similar to standard- CATV

(subscription) but could evolve to a higher level. The listening

area multiplex system or the telephone network could be used to provide

a simple level of requesting. Billing selectability could then be

increased.

N In order to evolve past this simple reQuest system, a versatile

data base organization and sophisticated software must be used. To
maintain compatibility this must be taken into account when designing

the simple request system.

For interactive services, a sophisticated.microproccssor con-
trolled home terminal is needed. The exact protocol of this system
is uncertain. Any interactive service, being .software controlled, is

highly selectable by nature. The original listening area multiplex

.system, would still remain viable for monitoring services.

\
A block diagram of a sophisticated home terminal is shown in

Figure 4.
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APPENDIX 1

CATV SYSTEM RELIABILITY
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CATV SYSTEM RELIABILITY

The carriage of many servicés (e.g. fire alarms) on a tele-
communications network requirgs a high degree of reliability from that
network. To be considered a‘possible telecommunicatioﬁs network for
these services, a CATV system must-demonstféte fhis high degree.of

reliability.

CATV networks are configuréd.so:thét long~route5'of both
passive and actiye devices are cascaded so:that éﬁy single. failure iﬁ
the cascade will destroy the communicafions loop to at least some sub-
scribers. With non-redundant-trunking and due to the dascading system -
configuration, a CATV network has in the pést been cohsidered relatively

unreliable.

Subsc¢riber complaints over standard CATV_service,have\supported
this contention and most CATV subscribers consider reliability of'high
importanée.(A) However, it must be remembgred that the télecommunications
network for standard CATV ser&ices.aisb includes the televisioﬁ or FM
broadcaster and the VHF o UHF.transmission path which occasionally is
very loﬁg (approx. 150km). These two systems which are partially uncon-
trollable by the CATV op¢fator add to the unreliable image of a CATV

[ A

system but are, in fact, not applicable when considering various new

services.

Major outages (those affecting more than five hundred sub-
scribers) have been recorded in various CATV systems.. Other outages
can be considered statistically insignificant. A one hundred percent

(15)

plant equivalent outage time is computed monthly.

A thirty-two month average from September of 1975 up to and

including April of 1978 for various CATV systems is. shown in Table 15,




TABLE 15 CATV SYSTEM OUTAGES AND RELIABILITES
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N

System

Jarmain Cable TV .
(Branftord) '

Cornwall Cablevision
Grand River Cable TV
Hamilton Coaxial
Kingston Cable TV

London Cable TV

- Jarmain Cable TV

(Newmarket)

Pine Ridge Cable TV

?

Qutage Time (Min.)

1573

1056

1829

831

1205

1052

866

1972

Reliability (%)

99.

99.
99.
A 99.
99.
99.

99,

99.

88

92

86

94

91

92 .

93"

85

RS <3
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(An "average" re1iabi1ity of 99.9% has been experienced.  This
has been in'systems with little or_né standby power and with no protection
from active equipment failure. It is felt‘that the addition of standby
power and a '"0dB gain" byﬁass switch in case of a trunk amplifier‘failure
should significantly decrease outage time if the system is designed with
sufficient "fade margin'' to remain operable with the ”OdB gain" switch

in the bypass mode.

The demonstrated reliability of these systems (i.e. 99.9%)
can be considered adequate for most potential telecommunications services.
In fact, standard CATV subscribers demand a high degree of reliabilify
for their service as they use the service a large percentage of the
tige (approx. four hours per day). This would account for the imprsssion

that CATV systems are unreliable.

In summary, a standard CATV network can be considered to
have adequate reliability for most potential services. With systenm
improvements such as the "0dB-gain" bypass switch and the addition of

standby power, this reliability will improve in the future.
o
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APPENDIX 2

SCRAMBLERS AND. SECURITY
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SCRAMBLERS AND SECURITY

The question of scrambling and security is really two different
issues. One is actually scrambling effectiveness and -the other is.

cheatability. Various scrambling schemes have been developed for pay

television. These vary in cost and methods. Descriptions of these

follow.

Oak Scrambling System

This system scrambles by modulating the transmitted signal

with a 15.75KHz sine wave phase locked to the horizontal frequency.

The horizontal sync. pglse is suppressed confusing the sync. éircuits

of the television receiver. The desérambling signal is amplitude mpdu—
1a§§d on the aural carrier. The descrambler is basically an AGC
amplifier whosé gain is controlled by the 15.75KHZ signal on the des-
crambling carrier. This returns the video to its normallformat; . The
descrambler costs around §25. Scrambling effectiveness isuac¢eptabie.
Depending on the video information‘ldck—up_pan occur for a small per-
centage of the time - especialiy in modern TV sétS with sbbhisticated
sync. processing circuitr%. As the scheme is rélative1y $impieVit could
be checated by someone with a technical background with case. ' The écramb—
ling method does tend to degrade the pictUré quality as.it is dependent
on the signal-to noisé ratio at the'aural»carrier. This noise is cen-
téred around the horizontal line fréquenéy and shows a qhdructcristic
low frequency noise appearance. ResiduaIAscrambling still remqins

after descrambling of typically .SdB.(IG) The-aural signal is not -
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affected by this scrambling method.

Jerrold §.D.S.-D.S.T. Scrambling System

This system scrambles by inverting ;he whole video format -
sync. down —>white up. This causes the televiéion to losé synchroﬂization.»
If it does synchronize to the video information the picture is still
inverted. To descramble the system, the carrder is phase iocked and
delayed by 180° and added back in. Tags in the vertical interval are

used to automatically control when the descrambling is operating and

provide a reference for the sync pulse level. The scrambling method is

very effective - much more so than the OAK as both the sync is removed

and the video is inverted. The descrambler unit for this systém costs
in the range of $50. The technique however is eésy to circumvent.

This can be achieved by reversing the deféctor diodes in a televisibn
and using a manual gain control on the AGC. Also certain TVISets, G.E.
in particular, if they are overloaded, display a decipherable picture.

.0 )

The audio is not affected using the scrambling metho

Jerrold Starpack, Magnavox, Sylvania, and Blonder Tongue Systems

¢ _ .
These scrambling systems all use the same basic principal.

Both the horizontal and vertical sync. is éuppressed by up to 6dB. This
suppresses the sync. into .the video portion of the signal causing the

TV picture to be scrambled. Occasionally the television locks to the

video information in such a manner that the picture is perceptable. The

scrambling effectiveness is good; slightly better than OAK, but not as
effective as the Jerrold S.D.S. technique. To allow descrambling a
carrier in the F.M. band is modulated with descrambling information.

The descrambler tuncs to this carrier and attenuates the video signal
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by 6dB when appropriate to restore the correct levels. This descrambler’

costs in the $15 to $25 range. - The system is difficult to defeat as not

all the infommation is present in thé video channels. In order to defeat .
the scrambling, someone would nced to have-a costly spectrum analyzer
to recognize and determine the frequency of the descrambling carrier

as well as the technical ability to construct a receiver decoder. The
1s)

audio 'signal is not affected by this technique.

Test or Promo Scrambling System

This scrambling system transmits an interfering. carrier in the
channel passband at precisely 2.257MHz-ab6ve the video carrier at the
same levelias the video carrier. This sighal is modulated by two low
frequency A.M: signals. This scrambles thevvideo and thé second -har-
monic generated in the TV mixgr scrambles the audio signal. This is a

very effective scrambling mechanism and renders the signal unwatchable.

" To descramble the picture a high Q trap removes the interfering carrier.

Costs for this ‘déscramber' are in the $10 range. This scrambling system
is not especially secure ‘as a trap can be easily manufactured-or purchased
to rémove the interference.  Also, if no 19wer adjacent channel is
presént, by.off-tuning thd TV set so that the iﬁtcrfering signal falls
in the lower sound trap a watchable biack and white signal can be seen.
This system also has some technical problems as the interfering carrier
can-cause a céiour beat in the uppcr.adjacent channel on some TV sets.
Also the high Q trap used to remove the scrambling removes some

video information, decreasing the videco resolution.(19)
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- Pay TV Corp

This scrambling sygtem~was developed for over-the—aif Pay TV,
although it could be adequate for cable. Thié scrambling-éysteh is
by far the most secure form from cheating as it requires information in the
video vertical interval, in the home terminél memory, and in a monthly |
program card to generate the descrambling code. This scrambling éystem
basically inverts different blocks of video lines in the picture.
Becguse only some of the lines in the picture are inverted it cannot
be easily circumvented. However the scrambling éffectiveness is con-
siderably reduced as a large portion of the video linés are normal.
Effectiveness could be improved by combining this method with one of

the sync. suppression methods. The descrambler costs.in excess of

$100. (*0

Conclusion

Table 16 compares these scrémbling systems. Although other
methods are possible these provide a good range to illustrate the se-
curity - cost tradeoff.' The high cost required in the extremely secure
terminals is excessive and cannot be sustained By the service. Instead
for only a marginai decrease in security a low cost systém with dif-
ficult cheatability and good>effectiveness can be obtained. This is
primarily the’{errold Starpack, Magnavox etc. system. For any scrambling
system it is important that cable companies have'sole access to descramblers
and that it is illegal for anybne else toiéroducé,_sell, or own a de-
scrambling unit. For thié to happen, the descrambling uﬁit must be
sufficiently unique that it has no other purposes. The sync. éuppression

scheme appears to meet this requirement.




Scrambling
System

Oak

Jerrold S.D.S.-
D.S.T.

Jerrold Starpack,
‘Magnavox, Sylvania,

qunder Tongue
Test, Promo

Pay T.V. Corp
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Table 16- Scrambling Systems

Scrambling . Scrambling |
Effectiveness Cheatability
acceptable - medium
excellent K easy
good difficult
excellent A easy.
poor extremely.
difficult

Cost

§25

$50

$15 to $25

$10

© $100

Video
Improvement

somewhat

not noticeable

not notipeable

“somewhat

not noticeable
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APPENDIX 3

TECHNIQUES & COSTS OF CHANNEL MONITORING
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TECHNIQUES & COSTS OF CHANNEL MONITORING

There are four basic techniques of channel monitoring. These

are:

-~ In real time monitoring, thelchaﬁnel over two-way cable.
- Monitoring in a local memory and at longer intervals (1 week, etc.)
reading the memory over phone lines or cablei
- Mailing out program cards which enable a home terminal when
inserted and punched. These are thén returned for billing
purposes.,
- Coin operated descramblers like vendiﬁg machines where coins

enable the descrambler for certain periods of time.

)Téble 17 summarizes the advantages and aisadvantages of these mqnitoring
techniques. Tﬁe listening return cable approach is definitly superior
for moderate to dense penetrations as it is very flexible, low in cost and
ideally suited for the application. For very low penetrations some of

the other technique could be preferred -although none of these are up-

gradeable or desirable for larger penetrations.



i

METHOD

COST

{
i

{ OPERATING

RELIABILITY

FLEXIBILITY i CHEATABILITY | COST
' é
Real time Cable - See Incast Data ('$60/sub high secure ; low good
Local Memory and > $100/sub high secure low good
Phone ’
Coin Operated §70 low open to very high
System cheating collection poor
cost
Program punch cards )-$100/sub. low open to .
_ : cheating med ium _poor”

= g and tickets
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TABLE 17 TECHNIQUE & COSTS OF CHANNEL MONITORING

%
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APPENDIX 4
INCAST SECURITY

Y
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INCAST -SECURITY

The basic broadcast‘configﬁration of a CATV.system can be reversed
to form not a multipoint-to-multipoint broadcast system but a multipoint- -
to-single~-point incast syétem. This type éf system has an inherent degree
of security. The oniy possible way of tapping an incast signél is to
monitor the system trunk between the subscriber and‘the forward -broadcast
point (hub) or a distribution line or drop ”adjaccﬁt” to the subscriber's

home.

Adequate incast signal level for reception is received at nearby

subscriber's terminals (tap to tap isolation is approximately 26dB) but an

HF.-receiver and decoding logic is necessary to receive an intelligible signal.

This HF receiver would not cémprise ény part of a home terminal sovspecial
hardware would have to be built for monitoring. Also a potential monitor
would have no access to the frequency.of a home terminal in‘a COS system or:
the home términal addressin a packet system.:There is safety'in numbers due
to the large number of carriers in the COS systém and due to the large number

of broadcasts in a packct, system.

It can then be said that there is a minimum of security risk in the
incast channel compared with the broadcast channel where, by definition,
many subscribers can receive a broadcast signal. LEfforts to improve security

should be concentrated on the broadcast portion of the system.
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If]ény needs exist for a highly secure incast channel then appro-
priatevscrambling - descrambling techniques can be used. The need
for this high degree of security is not seen as being necessary for normal
household traffic (including trénsactions); “Some business traffic might

require high.security and would pay for the scrambling service.
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APPENDIX 5

REVIEW OF TWO-WAY TECHNOLOGY AND HOME TERMINALS
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REVIEW OF TWO-WAY TECHNOLOGY AND HOME-TERMINALS

REVIEW OF TWO-WAY TECHNOLOGY AND HOME TERMINALS

- EIE, RCA, TELCIN SYSTEM

The EIE, RCA and Telcin System are basically various develop-
ménts of the same system: originally tested in Orlando Florida. The.
system was originally structured for information from the computer being
transmitted at a 42Kbit/s rate in the FM band, requiring a 200KHz band-
width, and the upstream information from the home terminal tiansmitting
back to the computer at a 675 Kbit/s réte in the 10 to 30MHz band with a
Z2MHz béndwidth. The clock rates were chosen in this manner because the

system transmits less information from the computer to the remote ter-

minal than does the remote terminal to the computer, specifically 32

bits and 28 bits respectively.

The most recent development of this sysfem manufactured under
the'Telcin name has a slightly modified structure. A data rate of 40Kbit/s
in both directions is used, requiring a 200KHz bandwidth. Two 16 bit data
words, a subscriber address and a command word, are transmitted from
the computer system, and three 16 bit data words are transmitted from
the Temote unit: a-subscriber address, a data word and a command structure.
This system is able to interrogate up to 1,000 homes apprdximately every
10 seconds. By allocating additional 200KHz increments of bandwidth in
both the upstféam and downstream pa£h édditional ﬁumbers of such ter-

2
minals can be serviccd.ch)(z“)
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HUGHES, THETA COM SYSTEM

‘The Hughes subscriﬁer response system was originally testéd
in El Segundo California 1972. Digital daté is‘transmitted downstream and
upstrean at a rate of 1 Mbit/s. A downstream word of 22 bits is trans-
mitted and an upstream message of 17 bits is sent from the home terminal

to the central computer. A total basic interrogation response time of

less than 2.4. seconds results for 50,000 subscribers.

More recently Hughes has developed from this system a facilities
management system with operational interactive sub-systems for security,
energy conservation, life safety, communication and maintenance and

mechanical control.(zs)(24)(25)
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CO-AXIAL SCIENTIFIC SYSTEM

The Co-Axial Scientific two-way communication system was
6rigin§11y tested in Columbus Ohio in 1973. Since.that time it has been
used to provide per view pay television services to local residents.

More recent installations include a National Science Foundation project
in Rockfofd, I1linois and an alarm system under coﬁstruction in Syracuse,

New York.

The continuously operating home terminal sends back -a 16 bit
data word with 14 message bits at a 2Kbit/s réte. Return channels.have
a 20KHz bandwidth including guardbands allowing 50 chénnels per 1MHz.
Because of the slow data rate a scanning receiver would take 20ms to
mon}tor each home terminal. The effective data thupst;howeQer can b¢
greatly increased because of the F.D.M. naturé of this‘system by using
parallél receivers at the central 1oéation. If 10MHz is assigned to the
return signals 100,000 terminals can be monitored in less than six

seconds. (26) : {
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QUBE SYSTEM

The Qube system was Jeveloped'by-Warner Comﬁuniéations and
Pioneer and was first installed in Célumbus inAthe‘spring of 1977. As
of this report technical data has not been made public. It is concept;
ually an interrogation résponse type system. It is believed to have
256Kbit/s data rate in each direction with a 24 bit message. The
downstream carrier is in_channel A and the upstréam carrier 1is at

25MHz. Both occupy a 4MHz bandwidth.(27)
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VICOM

The Vicom two-way system began operation in the Telecable

system in Overland Park, Kansas in 1971 under the name Queset. The down-

stream signal is a 6MHz bandwidth frequency shift keyed carrier between

112 and 114MHz with a 1Mbit/s data rate. The upstream carrier operates

‘ . (28
at 8MHz using phase shift modulation also at a 1Mbit/s data rate.( )
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COMMUNTCOM

The Communicom tonway systém was developed by Jerrold and
General Instrument Corporation and was markéted in 1973. The basic
system had a 10,000 subscriber capacity being expandable to 65,000
Sﬁbscribers. The downstream carrier was assigned the 108 to 112MHz
baﬁd at.a 1Mbit/s rate with a 39 bit word. Upsfream transmission'ﬁas
also a 39 bit word at a 1Mbit/s rate in a 4MHz bandwidth between 5 and

(29)

30Miz. Response time was designed for 2 seconds.
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TOCOM

The Tocom system was developed in.1972 and has been installed
in various small communities in the Unitéd States, the most famous<
installation beiﬁg in the Woodlands in Texas. Here it has provided
security services for residents. It has éone through three evolutions
in learning about two-way cable technology. The present system ailo—
cates 1,024 subscribers per two-way channel. With 60 available'channels,

capacity for more than 60,000 subscribers exist.(SO)
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APPENDIX 6

PACKET BROADCASTING
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Appendix 6 Packet Broadcasting

There are many possible system configurations which can be
used as pécket broadcasting systems (or packet incasting systems for a
CATV network). The technical capabilities (basically throughput) and

costs of each system vary.

These system configurations are shown and their throughputs

calculated.

Packet Broadcast System 1 (See Fig. g )

Home Terminal_ - Receive slot

- Transmit at 9.6 KBit/s
- Word Length 384 Bit
- Positive Acknowledgement  (POSACK) .Receiver

Brfdger - Single channel BPF

H.E. - Single channel Receiver per Branch at 9.6 KBit -
' - POSAK Transmittér‘(could be message)

- Slot Transmitter

1 Bit = .104ms at 9.6KBit/s.
., jitter = 1,56 Bits
Min. slot length = 384 + 1.56 = 40.2 ms.
9.6 x 10°

Max. Throughput .368 x 9.6KBit/s (See Fig.6 )
= 3.5 KBit/s

or 7 Bits/household for 500 households.

i)

N.B. Jitter, ingress, thermal noise, etc. will reduce maximum throughput,

For.SO KHz BW/channel and 75 Bridgers per trunk, OMHz is used.
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Figure 5 Packet Broadcast System
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Packet Broadcast System 2 (See Fig. 7))

Transmit 64 KBit/s
Word length 384 Bits:
POSACK Receiver

Home Terminal

Bridger - Receive 64 KBit/s
- Transmit 64 KBit/s
H.E. -~ Multichannel Receiver at 64 KBit/s

- POSACK Transmitter

. Jitter = N.A.

Max., Throughput

(Terminal - Bridger & Bridger - H.E.) = .184 x 64 KBit/s (See Fig.

= 11.776 KBit/s or 23.6 Bit/s per household for 500

households.

For 150 KHz BW/channel and 75 Bridgers per trunk, 11.25 MHZ is used.

)
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Packet Broadcast System 3 (See Fig. 8).

Home Terminal - Transmit at 3 MBit/s
A word length 384 Bit
POSACK Receiver

1

Bridger - Receive at 3 MBit/s
- Transmit at 3 MBit/s
H.E. - Single Receiver at 3 MBit/s

POSACK Transmitter

Jitter N.A.

Max. Throughput
(Terminal - Bridger)

It

Trivial

.184 x 3 MBit/s (See Fig. 6)

552 KBit/s

or 5.52 Bit/s per household for 100,000 households

v (200 Bridgers)

Max. Throughput
(Bridger - H.E.)

It

For one 3 MBit/s channel, about 12 MHz B/W is needed.



I e e L R R R e P e al e L L SR S e e P AR PRl L SO S AT AL S W BT R UL AR B S T AW e R W 3va i et e DU T B LR IR MG NI S e Al e G LA PV STA X e Vi S W LS

cl-lt.'.o.!.!l.vl‘!l!ttl.l.ltu’.lfﬂ . -
. .

r
. '

\ - 1 .
1 uw B | .

- ' .
! Q 1
1 bl n N

= ]
! 5 1 -
| [§)
) 1
' : L

1 =2 c
1 X
! X = )
| « +
X 1
! | | _
1

N 1
| OO ORI T

>

2MBit/s
unsiotied

BRIDGER

RX

[~ T o= s ==
i
i
|
!
.
Figure 8 Packet Broadcasting System 3

3MBit/s

q..ll.l. lllll - e e ey

_ | L

X
g s

HOME TERMINAL

- m.muﬁ -




o

- 134 ~

"APPENDIX 7

INTERROGATION RESPONSE IMPLEMENTATION

(2
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,INTERROGATION RESPONSE IMPLEMENTATIONS

If a 9.6K.bits/s data rate is used in the system, the following

capacity exists.

- Use a différent return frequency for each group. of 500 households.

- Each household has a 15 bit address-which is transmitted and con-
firmed and a 1 bit Sshort/long packet_indicator;

- Thereforg addressing consumes 16 x 2 x 500 x§%6§-= 1.665

- In a 10 second interval 80,064 bits of throughpuy can occur in
the 8.34 second time left for information after addressing.

- Tor 500 households, this is 16 bits/sec. per household average

throughput.

" Using this scheme, a large throughput exists but a poor response

time of 10/s occurs. To improve this the following system is suggested.

1

A 64K bits/s data rate in both dirgction.

- Use a different frequency for each group of 500 households.

- Each household has a 15 bit address which is transmitted and con-
firmed and a 1 bit short/long packet indicator.

- Therefore add?essiﬁg consumes 16 x 2 x 500 x 61%56— = .25 sec.

- Therefore in 1 second 48,000 bits of throughput ‘can occur.’

- For 500 households, this is 96 bits/sec per household average

throughput.

This system has an adequate response time of less than 1 second

and a high throughput and is capable of providing almost all services.
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