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DIGITAL D TRANSMISSION VIA CATV

J. Stifle, D. Ni.tzer',.M. Johnson

.
Computer-Based Education Research Labortory
-Universityc/f Illinois, Urbana,'Illinois

. /
1

. ABSTRACT:. This repOrt will describe low cost communications
.

.,.

network designed for use in the PLATO.IV computer-assisted

1- .4

'instruction (CAI) system, Iri. this Systembver,1000 remote

,-Computer graphic terminals, each requiring a 1200 bps channel,. "
, .

are to be connected to one centrally located .ccmputer. A.-

. ,

Fc

I.

techniquelwill be described for distributing digital data to
4

these terminals via Slandard Commercial Cable television (CATV)

eguiPMent. The data.is.tansmitted in a synchronous time

division multiplexed mode which is compatible with standard

Ztelevision signals. It will be shoWn that the communications

cost of this technique is%approximately.1/10 of the cost. of
A,

using a single voice grade telephone line per terminal.
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DIGITAL DE%TA TRANSMISSI6H VIA C.:".rf

1.0 Introduction

This report-describes- a digital data transmitter and

receiver .designed for use in standard CATV 'commnnity7-antenna-,

television) s:,stems..- This equipment,. has been deveoped for use

ih the communication network- of .the PLATO IV 'courputer7assisted

instruction (CAI) system.

+.
2.0 PLATO IV

.MUch.has been written elsewhere. (1,2) de?cribirig PLATO. IV
/

and t.:-.erefore only a brief general degCription will be given here.

In a typical PLATO IV SysteM, approximately 2000 remotely
.

located computer terminals, each requiring an input bandwidth of

approximately 1200 bps, .mlist be connected to one centrally located

computer.. Most of these terminals will be located in clikssroom

installations of up to 32 terminals each. Some of these class-

room ine,tallations:will be located within a few miles of the

computer site, while others 'dill be a few hundred miles. distant.

In addition to these classroom installations; a limited number

of individual remotely located terminals must also be serviced.

Thus, a typical PLATO IV system would be configured as shown

in ,Figure 1. a

The problem is how to economically distribute digital

data through such a network.

3.0 Communication Costs

The Bell system offers a wide variety ortransmis'Nion

channels and equipment to meet data communication requ- irements.

Single voice grade channels are available which can easily handle

data rates of1200bps.. WidellanA servfcc, offering the equivalent

of up to 240 or more voice grade channels,.is available in a

single package.
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The inter -state tariffs ,for lesialq. these vice gr43e

lin,-'range from $4.50/mile/month for asingle channel (type '3,7,02)

to-as low aS. 60G /mile /month channel for Series 5000 '(240chahnels )

service. (All,tariZfs qdoted-should-be considered approximate,

They may vary with geOgraphical location, an individual service

required).

Using even the lowest cost figure above, the communication

costs for a system of'the size of PLATO IV become prohibitive,

especially over loAg ?d istances. An attractive alternative does

how-.?ver, through the use of educational television (ETV)

channels. The present tariffs for an .ETV charmer range from

$30 to approximatel} $55/mile/month or less depending upon the

number of channels leased and distances involved. At these rates,

it is apparent that as °f6w/4s, 50 to 100 users share an ETV
. ,

4
channel, the communication cost:; are compet4eive with the wide-

,

band servi.ce quoted above.

Tlaisreport will show how a qingle ETV channel can be used

to suppliv 1200bps service to more than 1000 users, resulting in

per user'en4.ge'for the chanriel of fiom1.3 'to 5.5/mile/month.

Such a channel will be Used to distribute digital data to

clAsprooms in the same manner that commercial TV programs.are

distributed, via CATV, to private homes
"

4.0 Comppsite Television Simal

Before.proceeding with a description of the equipment a-

brief discussion of the composite television (TV)Isignal is in

(indef.

The composite black and white TV signal is assembled from

three siqnals. The are:

1. A composite synchronizing signal which.is made up of-two
parts, horizontal sync signal and a vertical sync signal.
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2. A ,compoSIte blanking .signal which is also composed of
two parts, a horizontal blanking signal and a vertical
blanking signal.

( 3. A video signal whicht'contains the picture information.
This signal is normally used by televisiod receivers to
intensity modulate the horizontal scanning lines. In
the system described,here the video signal contains the
digital data.

.

/

Details of the FCC standard synchronization signal are.

shown in Figure 2.0. All times are given ,relative to H, .the .

.

(Hetime interval between horizontal sync pulses = sec =
151750

63.5 sec.). The vertical blankCng time Shawl is the minimum allowed
/ .

by FCC standards.

The equalization pulses and the serrating pulses in 'the

.vertical sync interval are of little value in the system described

in this report and- therefore the reasons for their existence

will not he discussed here. --More dtitails may be foundi.im

references and 4.) They must, howeve'r, still be generated by

.the transmitter in order that standard commercial equipment may

I be rise, for transmisson and reception.

In the United States television systdmthere are a() frames

transmitted per second, each fraMe containing 525 ,lines,. To

reduce flicker in the picture, each frame is transmitted as two

fields of 2622 lines each at a rate of 60 fields per seconds,

with the lines of ore field interlaced between the lines of the

.other. \The vertical bl nkinq interval requires up to 21 lines

leaving a maximum of 241 lines to be used for video.\

PLATO Video '11M1A1Signal.
0Because digital informationis binary in nature, only two

voltage level aro required to represent thp ipteation. In the

system described here the white level is chosen logical "one"

and the black 1 vel as logical "zero". This choiceof:-levels
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,

reduces the average power consumption in any line amplifiers
.

,
.

0 .

kresent'in the*Bell system, because these amplifiers
mt.

i

- - more power at the white level and the PLATO signal contains far

t
.
more "zeros" than "ones".
*4 0

Each horizontal scanning line in the teleuiSion field which
.

.

carries data is divided into 100 time bins of .1)1M seconds each.

This choice of bin widtiN, fits within the FCC requirements for

horizontal bandwidth and also relaxes he specifitcatiom on the

local oscillator in the receiver to be desciibed later. The

first 16 bins of each line are used for horizontal synchronzation

and blanking purposes while each of the remaining 84 bins contains

a bit of digital information. An example of a -line carrying

,

digital data is shown.in Figure 3.0.

The data rate for the-system isgiven by ti-re following

equation.:

Data rate 60N NL B bits per second,

where N number of lines per field used to carry data
L

N
B

number of bits per line

In the system described here, °240 lines per field, each

containing 84 bits are used giving a data rate of 1.2p96 x 106

bits per second.

Each PLATO IV terminal operates on a word size of 20
... 1 t et ck.

bits in- length qnd requires.'up to 60 words per sebona, or a

data rate of 1200 bits per second. One TV framecan, therefore, .

1.2096 x .106
supply data 0 1200

1008 terminals. The format of
1r

the' data within a TV frame is shown in FigUre 4.0. Each terminal

receives bit of a data word followed by bit i + 1 etc. -This

ipo8,
format thus requires --,...-- -, 12 TV. linos to transmit one bit of

4

1 0 b.
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data to- etch terminal.

.

Figure 5.0 is an actual photo taken from the standard v screen
. :

:illustrating the format
,
oT the data for two terminals. On the

.-

left, 'terminal 16'is receiving the word 06110101110110111001

(reading from. top tO bottom), while on- the right, terminal

42 is receiving the word ollinioliquiloolio. .

'0 ..

J .0 Transmitaer

The transmitter generates the standard televi!,i n synchroni-
,

zat.ion.and blanking.sigpals and coawines these signals with the

d iTitaldata into a compohite signal compatible with FCC standards.

The camposite,signal i-s then delivered to the common catrier

supp*ing the,TV Channer RF modulation and transmission over

stanaardcable.television (CATV)' equipment.

loc'k ."diagram of the transmitter is shown in Figure 6..0.

Clock Control circuit contains a 1.575 MHz crystal

con'trolled oscillator (clock) which drives A divide by'50'counter.

The outputs, of the counter,ana the,clock signals are sent to the

Pulser.citcuit wilvre they are used to geneerat-e thifour riulaeS-

shown in Figure 7.0.

The V pulse is used to drive a Divide by 525 counter, thq

oetputll of which are interpreted as.the.horizdntal line eclu

within-a freMe. (The line count is shown at the top of Figure

Tho Sijnal Composer circuie assembles the cbmpuojte 4nchronie.

.t0n anl biankig si,Jnals using the four pulses supplied by

Pulser circuit as building blocks. The rmitputo"of the

:,;'" le by c,2') counter (.1F/used by the aignal Composer to supervise

nt c':gopg,

004

J. 4211*
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The composite sync and'blanking signals along with the

Clock signal are gent to the Data Control circuit which performs

two functions: A
I

,,, 1. The geheration of the timing and control signals
. .

.

.

necessary for tRe transfer, of digital data into the
transmitter.

2. The assemhly.of.the data, the sync, and the blanking
signals into-a composite signal. , ik

The data t0,be transmitter is assumed to be in the f-Ofo orp
.

84 bit words: At the start of each line 4a data-word is loaded '
A

f ,

into the shift registered by the Data Transfer signal. At the
,.

.

conclusion of the horizontal blanking.interValthe data' is shiftea:

,
0

f into
.

nto tir Data,Contrpl circuit by the shift (1:.575 MHz) signals.

4, " iiie, tosignal is then sent o standard television RF :

r
-modulators for transmission over standard TV channels.'

I. .
.

-....--
7.0 Receiver /.4$,

°Two basic functions are performed by the data%,receiver, the..
,

, -./k
1 7

recovery of .,q-ie digital data\anlia the"generat;on of data addresses.
.

This latter function - -is necesgary to facilitate separatiOn of the
,

1

data when it is transmitted in a time-divisigh--,multiplex m ode

and must be delivered to multiple'destinations.

'

A block diagram of the data receiver.is'shliop in Figure 8.

An RF receiver similar to the front end of-wa Standard commercial,

-television,receiver is used to recoverahe.composite video,

signal-.from the RF carrier. The compositesign6.1 is delivered

to the TV interface circuit where it is clamped and then separated

' into sync and video (data),components. The videbdtignal

is placed on the data bus whilp the's.ync signal is sent to the

Sync Detector circuit.

The SynF Detecto circuit separates the vertical and horii

zontal sync signals and supplies these signals to-the data addressing

circuits.
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Data actresses are specified by

a) a line adresS designating the line on which a data bit .

occurs and

b) .a time address specifying the time bin along that line
, .

which contains the data bit.

The line address is specified by the Line Counter which

effectively counts horizontal sync pulses. The time'adreSs is

ained from the Time Counter which is-driven by a 1.575 MHz

,oscillator. This oscillator is .phase locked to,the hdrizontal

sync pulse and provides an accurate source for strobing the .0

data bins along a_line.

The. data, after recovery from the data bus,'is delivered.

tp a modem which converts the data-i'nto a frequency shift (FSK)

signal for transmission to the terminal over voice grade lines.

8.0 Receiver Synchronization

'SucCessful recovhr of incoming data depends upon the

synchronization of the addressing circuits wit(the incoming
signal. The details of receiver syn5hrOnization are shown in

. ,

Figure 9.0:

0

6
The horizontal sync signal is viowedkbi the addressing cir-

cuits-through a
r

6 'isec 'window- This window is initiated by the

clock time-90 (T90) from the 1.575 MHz clock and terminated by

the trailing edge clf the incoming horizontal sync pUlse. Between
4

Clock time 99 and 00 a Sample H pulse is generated by the.Time

Counter and is used to sample the horizontal'sync signall as seen

-.through the window : During this Sample H interval the frequency

of 1.575 MHz oschlator is adjusted such tha't the oscillator

zemains"phase locked to the trailing edge of the horizontal sync ,

pulse. Tst'the;copclusion of the horizontal syqc pulse a.Clear -

dir

pulse is generated which sets. the Time CoUnter to zero thus

pla.cing:the counter in step" with the train of s./nc pulses.

ti

A

A
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The Line Counter is not actuallyincrempnted by the horizontal"-
.

sync pulse but instead by*a pulse at clock time 3 from the Time

.Counter. Noise which may be present in. the horizontal sync signal

i thus Pr .tinted from entering false counts into the Line Counter.

It is'apparent, of course, that noise present on the sync signal

during the window interval can still cause errbrs by generating

erroneous Clear pulses. The window, however , is open on7ly 'for

6 usec per line, and the clearing' if 'the Time Counter ( generation

of the Clear pulse) is permitted only for the first 12 horizontal

sync pulses i a field plul the equalizing:interyar (approximately

3'lines) follo ing the vertical 8yri.c signal, or -approxiMatfly

26235
6 12

63.5 262.5 x 100''x'2%. of the time

.

Except for the vertical sync interval, the phase lOcking

.operatitn occurs for every line in a field.

9.0 Performance

Field testing,kof the prototype version of the equipmenthas

been conducted on a 180 mile long loop facility providdt by-the

Illinois Bell Telephone Company. Data' hat been recorded at

various times of the day over a one mohth period during-which

approximately 80 hours of data have been accumulated.'

The t80 mile loop facility employs three methods of video I

transmission- that are presently being -used to transmit video in

the AT&T system. Information is transmitted as "base-and"
.

(DC to 8MHz) from the University of IllinoiS to the Illinois Bell
,

Office in Champaign (approximately :2 miles). 'FrOM there the video

is. transmitted via a microwave link to Springfield, Illinois and

ba,ck to Champaign for distribution over the'televiion facilities

of the University of Illinois. The video is carriedion'Channel 5-

(76-82 MHz) on the University cable .facilities. channel-5 was,

chosen because it is between two channels, 4 and 6, presefttWin.

use an thus praOides a' worst tcase nOise condition.

20 .
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li

Data was recorded using an input signal level' at the receiver

of 0 dbmv. The test data was transmitted in the form of alter---

nating "l's" and "O's". At the receiver.4ach bit received not

in agreement with the transmitted bit.was'recorded as an error.

Most of the errors occurea in burst of raldom length. The results

of the test .are tabulated in Table 1.

..

c

The success of this data transmission technique will depend

1

.
on the ability,to,detect and retasmit erroneous data. The .data

format presently used, see Figure 4-Q,'permits a 1 bit. parity,.

Checli to catch error burits that are equal to or less than 12 -

Coxizontal lines (1008 bits) in length. :From T*ble 1 it is ,

noted that over 88% of the error bursts Satisfy the requirement.

1.0.0 -Summary .

Pf

.

The technique described hereihgls been incorporated into the,p
r-L

PLATO IV communicatibn hardware. The transmitter i/contained

1-(
in the PLATO IV Network Interface unit shown.in Figure 10. This

.

.

.

unit perforMs all.Of the funCtions necessary_ afor interfacing

I

\ CQ.ntrol'Data Corporation 6400.computer to CATV transmitting
. r

.

equipment. Also houSed in this unit are the circuits for handing

I

keyset information returning from all of the terminals in the

system. : (A More detailed description of the'Network Interface Unit

may be foUill/oi.n reference 2.)
k

The receiver is contained in the PLATO IV Site Controller

-shown is Figure 11. This unit contains, in addition to the receiver,

the multiplexing circuits and modems for servicing up to 32

terminals. Also housed in this unit are the circuits for multi-
,

.

plexing'the keyset information from these terminals -onto,a single

voice grade phone line for transmission bac4to the computer

cen4- (See reference 2 for 4re details concerning this unit).

A block diagram illustrating the use of the Site Controller icr a.

typical PLATO IV sil7e configuration is shown in Figure 12.

1

4

)



Total Run Time

Total Bits. Transmitted

Total Number of Error Bursts
P
I

i
Average Time Between Bursts .92 hours

Bibs Transmitted Between Bursts-
-

4 x'109

Sh9rtest Observed Burst 1 bit.

Longest Observed Burst 264,009 bits

Average Burst'Length
1.

1998 bits
..,.

% ofv4;rsts lees than 1008 bits 88.2%
t.

Bits transmitted per bit in error
,

'

2.084C 106

(18)

78.35 hours

3.41 x,10 11

85

F

1

t

t.

) Tie three longest bursts are excluded from thi.F.
, Including these'bursts the average burst length unsf 10,732

.

bits.

, 2) The three longest- bursts were excluded fr2m 'this figUre._-,
If included this number becomes 3.74 x 10 bits'tranOmitted
per bit in error.

L.

Table 1. Test Results

I 2

ti104(4
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,

Figure 10. PLATO IV I twork Interface
I ';Figure 11. PLATO IV Site Contronee

Unit.
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I
0

0 0

A rec4%Yer unit. identical to that used in a Site Controller

may'. also be used.to- service indi'vidual remotely locatedtermi4als.

Far. this type of service the receiver is placed at some conmenigmt 4

location-along the*CATV cable. Voice grade telephone lines, are
*IL °

then .used to carry the data recovered from the TV carrier to the
,

-terminals .ao.shown in 'Figure 13.

4

Although the communications technique descr bed,here was'

devEloped to satisfy the requirements of a CAI ystem, it need

not be restricted to Such use. 'Many'o-eher cli0.tal data distri-

bution systems could successfully employ thiy technique. t&t

p

There are,at present, an estimated 6.million substribqrs of
0

CATV service and the numb is, expect ad to incre4t6 dramatically

in the coming years. Millions of-homeS'wil101en be already`

wired to receivel.information from centralized data sources\ The

communication technique dPscribed here could carry s'uch tinforma-

.tion. into those homes over the same path whichanow carries only

commercial TV signals:
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