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tions of happy or sad events. . Y

.starting with the beginniné of this century.

4

= -
\ U
) - =
- . ~ .
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CHAPTER I

@ ‘ . } C, ’
INTRODUCTION

° ) -
Ever since man first existed on thi's earth, he has

felt the need to exchange messages with others. At the be-

-ginning oniy very short point-fo-point digi;al messages

weremtransmltted by means of smoke, fire or.drums, used on

occasions of begrhnlng of wars, end of wars, or celebra-“

1
°

‘Throughout the ages of mankind a‘signaling process.
of data communications has been developed.-, This develop- .

meht went from fire and drum signals (still used in some ' "

“parts of the worid), to messengers, telegraph, . telephone, -

radio, telev151on, satelllte communlcatlons and others,
This process of development could be d1v1ded in three parts.

early Qevelopment, cqvering-the greatest length of time un-<

tii the mid-nineteenth éentury; pioneer era of telecommunt-.
) eations; covefing the shortest period of time, from mid-

ninetéenth century to the beginning of the twentieth cen-

fury; andnfiqeliy the modern communication developments,

1
1 . [
4

The first systematic method/for data transmission-was
developed by the!Greek field general Polybius-around 300
B.C. The date code suggested by Polybius, and adapted in

~ battle bféctices is described in Table 1.1. The teleérapher

,used to mount the correct number of torches on two walls

3

about 6 feet high to indicate the desired letter. "For
. ’ Y
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eiample, three‘torchee'on_the.1e§t wa® and three torches

on the right wall represented the letter N.

l.
'

- Later on, more eophieticated developments resulteg
L ]
in the Semaphore code which found 1nten51ve appllcatlon 1n
Europe around the beginning of the last century. The
N .

Chappe Semaphoreutelégraph consisted of a crossarm, 14‘feet

_in length, with a shorter blade at each end making an ad-

' Justable -angle with the main arm. This arm arrangement Was

placed on top of a post or tower and a telegrapher, using
ropes and pulleys managed'to arrange.the arm and the side-

blades into various configurations to indicate various

Qcoded letters. Flgure 1., 1 111ustrates the early semaphore.

The 1o§§est semaphore of this klnd was a 1200 mliEE?Eﬁmﬁ

_'and employed 1300 operators ‘over a chaln of 200 repeater

sites that connected Leningrad with the Pru581an frontier

- -

via Warsaw. T o ' R \ -
B v -
!.wh’ ‘é‘

In 1795 Lord Murray's s1x shutter telegraph (Flg ‘

x"':w
1

1.2) was adapted by the British Admlralty ThlS idea of

A
-

usdng shutters is stlll used by navy forces in shdp communi-

_cation. - K ) g’ .

iQQEhe introduction of a galvanic'oell by Volta in 1800

led to an 1nventlon by Morse in 1835 of the first telegraph

'system using electrical signals, generated by openlng or

closing a switch accordlng to an established Morse Code

) (Table 1.2). - Compatring Po%yblus Code and Morse *Code; we can

see that there is essentially no difference between,them
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“ules, the analog facilities of télephone companies

-to the telephone industry.

.o ; “ ‘ - '\\
since both represent a’letter symbol. By mid of 1800; pore "

than 50 companles used the Morse telegraph to provide com-

mercial service in the U, S A because of hlgher speed at-

ki

tainable with the code. . .

- N
3

With the invention of the telephone by Graham Bell

“

in }876, the development fended in.fevouf of analog rather
thaﬁ‘digital transmission tecﬁniques. The“telephqﬂe\en- ’ s
Joyed a widespreed enthusiagm which led to a complete turn-
ing ppiut in Eﬁe state of art.. At the turn of this cen-
tury;’analog £e}eghone s&stéqs were in widespfead use, R

whereas digital systems were’ confined to telegfaph appli-.
cations. . ’\ “ T 5:. .
The development of madern digital communications d : L

started .with World War IT as.the result of more efficient

radars and widespread use of digital computers. ~Although:

<

the development of digital edhputers was fastj nothing was P

‘done about- the transmission facilities between these com-

w«

- puters. In order to establish a link between any d ta"mpdf,

ere and’

!

are used. 'Some of the data modules due to their
\

igh

e
, speed requlrements for transmlss1on,‘need a wider requency

band than a telephone voice channel can prov1de. ith this

«

constralnt, new words as wideband data services were added

A}

/ [
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u’r

With the introductien’of carrier “telephone sysfems, data

I

speeds upxiﬁla.h kb/see Qere made ieaeible} Later on,"
‘ : ¢

' .improved carrier systems utilising a wider flat portion of

the! channel bandwidth fer data transmission managéd to

han le speeds up to 4. 8 kb/sec. | - / .

-
‘»\
~

The éxplosive expansion of business, governmental

~

andymllltary organlzatlons in reqent years created a rlslng

-

need for Vvolume data transm1551dﬁ Quite obviously, theA

%‘A \

1ogical way to meet this" need is to boost the speed of data

.transmission in order to limit the timé needed for the

transfer of information. In practical terms based on
Nyquist classical studies, higher data speeds can be
‘. ]

+ dchieved by utilizing wideband transmission facilities such

as those offered by the gr&uﬁrbank and the super group baﬁko
of modern carrier telephone systems: Due to'the'latest'def
velopments. in the drt of transmitting more telephone con-
versations simultanequsl& over ehe carrier frequency, new

carrier equipment haé been introduced in the telephone in-
g 't '

' dust;§ and with it new names such as channel bank, group

*\‘l‘ % s
ban¥ and super group' bank. The channel bank is that sec-

tion.of the carrier equipment with the capability of multi-

plex1ng 12 voice frequency telephone 01rcu1ts ‘and placing

_ the total bandwidth between 60 KHz to 108 KHz, known as the’

i
"basic group bandw1d€h". THe group bank receives the out-

puts of as many as 5 channel banks for a total of 60 voice




o

-

frequency telephone circuits, multiplexes them and @foduces'

one output with a bandwidth from 312 KHz to 552 KHz, known
as .the "basic super group bqndw1dth". The super group bank
on the other hand, receives the outp;ts.from 10 group bangs
for a total of 600 vo;oe frequency.telephone circuits, " ,J
multiblexes them and shifts the‘bandwidth f;om 564 KHz to

3084 KHz, known as the "basic master grouo bandwidth", -

The first two, "basic group bandw1dth" and "ba51c'
super group bandwidth" are used for higher speeds data com-
munications. ' In fact, three standard data speeds came into
general use on carrier telephone systems, namely i9.2 Kb/s
requiring half-group banwidth}75O/Kb/s requiring a full-

group bandwidth and 25 Kb/s requirihg a 'super group band-

] ]
width. Dufingsthe year 1971-72, the 50 Kb/s was incregsed

to 56 Kb/s over the same analog facilities, and in 1973

.
e e 1

this bit rate has been transmltted coast-to-coast over both

digital and analog facilities. During this year, data ges-

saged\at a rate of 1.544 Mb/s will be transmitted up to 200

miles er .digital facilities for the first time and up to

-

4000 mlles\over analog facilities.

3In order to successfully use the analog facilities

for wideband data transmission, ong has to modify these fa-

-cilities by adding speciel delay and loss equalizers to

\

group connector points to correct the delay and attenuation

distortion introduced on analog faéilities. Ifwthe analog

facilltles are not conditioned for w1deband data

-

(Y

N

el

{

©




jitter", which results in-intolerable high error-rates+®In _

"K L) v
transmission, then the envelope delay present on these fa-

i

iyt . . qs . . i
cilities causes phase distortion, commonly known as "phase

Y

addition to this, wideband datg modems are requiredﬁin .
order to condition fhe baseband data signallfor transmigsion .
ovér the analog faci 'tiést Another disadvantage of anaiog.
facilities is the accuypulative noiée ovér long distances |

which deteriorates the original infpormation by generating a

high error .rate. t might be added' that too many yoice

 chann§ls haye‘fg\be.sacrificed for ope.data channel. N _“\

‘over digital facilities, no conditioning of the facilities

?usineé§ machines as well as the carf%er are both digital -

On the other hand, when, transmitting wideband data

N '1

is requireéd since the base band sigha} generated by the

in nature. The error rate is greatly imprioved since the‘

&l

o

“noise is not additive as the carrier signal is reégenerated , él

- - . 2 ¢ ’ s
along the path every. ofe mile in the case of cable carriers. -
" ' by
- t

y - In spite of'tbe drawbacks, analog facilities are,
still being used for digital data transmissjon since analog .3'
faCIlltﬁfs exist whlle dlgltal fa0111t1e§(are not avallable ".; \‘
to the extent requlred " In fact at present more dlgltal
data is transmittea Bver analog than dlgltal fac111t1es~

Howeyer, by 1976 the digital facilities will carry ‘more

digital data than analog ones.

« o M .
'\ .
t
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In order to cover-tﬁe mos® relevant points of digi- \\

: ' \ ,
tal data\transmigsion on anélog and digital carrier~sys- -
} : .
- tems, this report is divided into seven chapters:

. = Chapter I coveng\if\general terms the history of dlgl—

tal communications. o s

- Chapter II defines the terms used in digital commUnl—
cations an% descrlbes the flrst w1q{;and data services

that are stlll in.use. o

- Chapter III dlSCUSSFS 1mportant carrier systems, both
"analog and d1g1tal used for transmltting data infor-,

mathon Advantages and, dlsadvantag?s of each system

- N

are explained in detail.- - ¢ . -

- Chapter IV discusses the first digital data facilities

- between. subscriber premises and telephong office, as

»
»

well as the first network hetﬁeen.Calgary,.Toronto and .
3 . s - to A ’

Ottawa. . S ' .
e - Chapter V puts: together what was developed 1n prev1ous

chapters in order to. provide a data netwdg% from Hali-

’ » . -

fax to Vancouver. The synchrohous and asynchfronous '

_modes of transmission are covered ag£ well in this =~ ., .

~ »

‘~chapterk

A}

- Chapter VI covers the agents that cohtrlbute to the

deterioration of the orlglnal base band signal,_ as .

well as the ways their effect cah be reduced. The
__“jitter term, kinds anq EOurcés are covered too. ' - /'
. 3 R f .

1

- - Chapter VII summarizes the work, covered' by this report

and $utlines the future of data communicaticns. P
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\ CHAPTER 'II - X

, WIDEBAND DATA SYSTEM | .
J v . b . -

-

S . Since World War II, felephone‘companies are faced
: ¢

with the challenge of providing rellable data transmission

over analog facjlities. This chapter w111 descrlbe in gen-
/ .

. erdl terms the ﬁ?stem layout ‘of Data Transmission over
~N

) ° -~ telephone faollitfés, from a subscriber location to tele-
]

phone central office. ?he fun¢tional description of the

still existing 56 Kh)sed'Wideband Data System will be de- ’ .
. scribed 1n order to establlsh the kigher hlerarchy bit rate '
sy@%ems, and the units that measure the quantlty of infor— -

<y - 5 -

matlon transmitted over any system.

2

~ 2.1 Bits and Bauds . e _ .

It ié common pract;ce to use bits'and bauds as
synonyms as one uses pound (1lbv3 for both mass'and 3 ;
force. In reality, there is a big dlfference between
"4‘ . bit and baud ratz,, although some tlme both have the \~'

/ ’ l‘same numerical value as do pound - fgrce and pound

mass,
1

+ By definition, bits per second-expresses the

' total number of information pulses in one - second. On
[ - ¢ . . |

¢ + the other hand, baud is defined as the reciprocal of

gy - the time of the shortest signal element in a char- -
’ acter. - If all time intervals are constant and all

‘signal pulses are information pulses, then the bit

-




S .11 -

o N . ¢ f
P YA .
< . @ 3,

rate as well as the baud rate are eqqal:. This is
+true in binary transmission. |
- ¢
In order to 1llustrate the difference between

bits and bauds, Ietmus make use of the followxng

x4

¢ . ®

example' . ’ ., »

- An qulnary teletypewrlter transmits 100 wpm

-

and makes: use of flve—hlt code, each bit 13.5 msec., »

long. .

-

The bANd rate is the reclprocal of 13 5 msec

~and equals approxlmately 74.2 bauds/sec.
' ‘ A
‘\ 1
- The bit rate‘issdetermined as follows: - A":

N

single‘character'consists of'a stamgfpﬁlse and five

information pulses, each of 13.5 msec" long,~f0r a

g

. total of"- 81.msec. At the end of each éharacfer a 19
9 .
msec. stop pulse is added such that. the total length
of one character is 100 msec. But bits per second
9

} expresses.fhe total number of information pulses inl

one second, or:5/ldémsec, Whichjis 50 bits/sec.

?

In conclusﬁpn, a teletypewrater that transmits
lOOIme, has a baud rate of 74 2 bauds/sgc and a blt
speed of 50 blts/sec éniy. ' '




2.2 '¢Ceneral‘§ystem Representation -

BRI A simplified block diagram of a general wide-

- band data system is represented in Flgure 2.1. The
. » ‘( '3 ‘.
- ) maaor system components 1nvolved are’ P : .

N g . . L] . . ’ ' . . . .
- , a. The wideband data station located close xto the . .
) business machines of the customer.

. b. The wideband data términal which accommodates

‘;‘u

a wideband modulator—demodulator unit (w1de-

c¢c. The common carrier facility. . e S

o :

|

|

|

I

}

{'_ ' ' . band modem) and
y

\

The wideband data transmission systém of
| _ Figﬁre 2.1 provides a wideband data channel for

o 'high~speed data transmission and a vaiceband coord-

ination channel which. can Be used either for voice
¥

-

communlcatlon between bus1ness maohlne 1ocatlons or ‘

for the transmlss1on of’ low-speed data ‘coordination

-
» .
.

. sig

als L . . ) . . R

o
-

o . N . . "

R ) . fundtional units that can be adapted for synchronous
. orasynchronous transmission according to the
'%perational requirements of the business machines.

»Sectlon 5.4 of thls report gives a detalled explan— -

.
-~

e - ation of)synohronous and asynchronous modes of oo
transmission. - - ' o

. 0
- . A N
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-

., transmission and several other services require syn-

Magnetic tape to magnetic tape communications,

real-time information transfer between computers in
r" t ¥V d

somé phases gf éomputen\operatiqn, telemetry signal

chronous transmission operation.
- .7 9

) Another class of wideband services., such.as

3

fh@ transmission of asynchronous facsimile sig- )
nals,- requires asynchronous transmission opera- ' >

tion. A synchronoﬁs ﬁideband data station can be. ’ )

-

. operated either in synchronous or asypchronous’

mode under the control of the various business ma- . .
chines. The synchronous station is therefore, more

flexible to yarious operational requirements than g

Ve

E -~ . . ' -_. "
asynchronous station since the latter can operate .

only in the asynchronous mode, On the other hand,

Pt o

» I
an asynchroneus 'data station is more flexible to

various ‘data speeds than a synchronous dd%h station ’

,8ince the latter canfhanQie.a single data speed which . .
"is determiﬁbd‘by its fixed timing_function. - v

The business machines exchange information in -\

a «

.a binéfy form@f represténted by D,C. pﬁlses. The fre-

quency. bandwidth of the baseband signal, generated by

the business machine, ‘may vary from®0O Hz, while trans-

a f

mitting a series of 1 bit ﬁulses to N/2'Hz during thg
transmi%sion of a éeries of éfterngte,l and O bit

pulses, N being thé baud rate of the business machine.

14
~ . . ©
\l‘. |

A\ c
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The telephone transmission line, over which the | ot
baseband signal.is transmitted acts as a bandpass
.fllteny with hlgh attenuatlon for frequen01es lower .
than 300 Hz and hlgher than 3300 Hz. . Due to these e
- cut off properties of the 1}ne between subscriber N
terminal and .the telephone office, all or parm gf
the baseband sigpal can be l?et." In ‘order to over-
. come this prob;em, the’baeeband signal must'pe
shifted’within the frequency bandwidth (300 to’3300
Hz) of the telephone line. This is achieved by
“f superimﬁosing the baseband signal en a carrier sig-
b nal within the permissible band of transmission.
Such a-process is called modulationsg Another reason
for qudiatiop is to concentrate mo{S digital data }'
channe%s over a vdice circuit. For example, the
i baseband of a teletypewriter signal has a maximum
bandwidth of 150 Hz. This occupies '1/24th of the
maximum amailable bandwidth of a voice channel.
,Hence, up {o 2h teletypewrlter circuits can be con-
centrated over the fa0111t1es of a V.FV ‘CiPCUlt.
This is very attractive from both economical and- .

frequency bandwidth utilization points of view.

A

'{/' ' There are several types. of modulation tech~-

" ‘nifues employed for both analog aﬁd dlgltal signals.
The ch01ce of which type is. to be used for a partic-
u}ar~system is up to .the system design engineer who:

. > .
. ’ : must know all relevant factors concerning the system



under consideration. Some of the“,impof'i‘:aﬁt.t};pes of

modulatldﬁ’ used are: ;

o a) Corffinuous Wave- (C.W?)

- b) Frequency Shift Keye‘d‘_(F.S.K.')\

T - .c) Am‘pli.tﬁde Modulation (A.M.) . . N
¢ d) Frequency Modulation (F.M.) \.

e) Phase Modulation (P.M:) - ° - .
f) Pulse .Code Modulation (P,.C.M.)'_ ' '

\ l - In contipgods wave (C.W.) modmﬁa%fon; a sinu-'_/ ¥
° soidal cérrier of & steady freqdency, say, 600 KHz if ﬂ
| . ' -radlo is. used w111 be generated By a local oscnla;
l ) N : tor. The_ carrier frequency is transmitted when a
\ -key in %he‘ local osc111at/]c1rcu1t path is closed
|
|

and it will stop transmlttlng when the same key Js
open. ‘I‘his type of modulatlon is generally employed i

when transmij}tlng morse code. - SN

A

v ‘ - The F. S K. modulatlon is not much more com-—

plicated than C.W. It makes use of two carrier fre-
quencies: one frequency is transmltted when the key.,l
* | - "is closed or a mark is ;éenerated, and the second -
| frequency is transmitted when the key is released or, -
: a space is generated. This type of modulation is 2
L . e meinly used for teletypewr‘i’ter ‘t_ransmission systems.
> Its main advantage over C.W. modulatior;,f is that

P ° steady powei;'is applied to the transmitter, obtain-

ra——

LY \ C—T

ing maximum efficiency .

P

° '




~

\\in accordance with the amplitude variations of the

. lines are controlled.by the Department of Communi— i

"= In amplitude modulatiogg the amplitude of the
. X X ’ R ‘ ‘ . .
carrier frequency is varied in accordance with the o )

amplitude of the modulating baseband Signal that is -
impressed upon .it, If the carrier frequency lS ne
and the modulating one is "M" then‘two frequenCies
(C + M and C - M) called upper and lower side bands'
are produced. This way,‘the baseband signal is
dtrahsmitted using,doubie the bandwidth required,
Although this type. of modulation looks unprofitable,'
it is widely S.sed as the present technique allows it

VY

to suppress one f the unwanted sidebands. .

~ The: frequency modulation depends upon varying

the frequency of a carrier wave of a fixed amplitude . o J

:modulating baseband Signal The amount of frequency
change that is produced by the sighal i called the
frequency dev1ation. As in A.M., the resultant F.M. ,\
signal cohtains/ihe carrier frequency and other fre-
quencieS'ahove and below the'carrier'frequency (C+M, Q
C+2M, é+3M —————) . Although the-F.M; signal covers
a 1arge bandwidth, some restrictions are imposed 1n '
order to, avoid communications interferance. The
maximum permissible deriation from the carrier ("C") . %
is'75 KHz for F.M. Broadcastingfand 15 KHz ﬂbr suth -

applications as mobile radio service, These guide-‘ ‘

“\

cations in Ottawa, in.view of technical con51d??
! o - - . T A

ations.

v - : - - _ LI



.Fhan in frequency domain as do the previous. types of

»
~ than modulated since 'there is no frequency bandwidth

' where the same'is. to be shifted. The conditioning is

N -
,

18 ® )

- - .

; E

. :
- ;

kY

. ‘ . |
- The phase modulation (F.M.) uses a' completely .

' different approach. A chaﬂge|in’the amplitude of

modulating signal produces a corresponding change in

phase in the carrier signal. For example, a binary

- baseband data signal, as it changes states (1 to 0

and O to 1), will chuse a corresponding 180° shift -
iﬁ the phase 6f the carrier frequency. This type of

modulation is called two-phase modulation. Four-

"phase or higher modulation is possible. For example,

in the four-phase modulation, the pair of binary
digits combined.in four possible waféi 09,01,10,11 e
with the corresponding phase shift in' the carrier

¢

at: 0,90,180,270 degrees are used., } e

(. The pulse code modulation (P.C.M.) is a type

_— _ /s .
of modulation that takes place in time domain rather

modulations. The P.C.M. is discussed in chapter III

sections 3 and 5 and need mnot be repeated here.

A1l types of modulations described are employd
ed for transmission of data meésages. However, when

' . . | 4
transmitting a wideband Hata signal over telephone

wires, the baseband dath signal is conditioned raﬁnef“

done by scrambling the baSebqu signal (removing the

D.C. component), and limiting the data baseband to

S

~

<
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within about 100 Hz to 37 -§Hz for a 50 Kb/s baseband
signal. This Gonditioning is iljustrated by Fig. 2.2.

S . ,

In widebanq data'hodems, two types of demodu-
lation techniques can be encountered: éoﬁerept de-
modulation or non-coherent demodulatior® Coherent
demodulation implies that %,replica of the transmit- Lo
ted wideband. carrier is av%iiable at the demodulator
used for detecting the received‘data signalv~ In most ¢ —
cases, the frequency and phase of the carrier re-

the. demodulation process is determined

« piva

Tom the received data. signal itself, The receiving.

[Pide works,thgrefore in synchronisation with the time
patterﬁ of the transmitting far end. Non~-coherent
demodulation, on the other hand, does not require

carrier recovery angd no phase referenge. It is,

tgerefore, preferably used where due to carrier fre- wd
quency offset or due'to unreliable transmission, the
carrier phase cannot be easily recovered at the re-
ceiving far end. Envelbpe‘detectors and linear dis-
criminators are example; of non—céhereht type de-
tectors. Wideband modems p?ilizing non—cohefégﬁ,de—.
_te?tion techniques provide the advantage of circuit
simpl;city agd low cost at the expensg of degraded fm” o

error performance. .

3

In Figure 2.1, it has been assumed that sig; '

1 impairments are introduced mainly by the common
n{“ _
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2.3

't

carrier facility'which may consist, of an analog

carrier system such as the LMX or N2 type carrler,

or a dlgltal carrier system such as *the T1 carrier.

A,coast to—cggst commection cdnsists of several

/

. 8e¢ s o%\common carrier facilities which may in- -

\ . .
volve a mixture of all three carrier systems men-
- L4

tioned above. ) B

sttem Layout and Functional Description of 50 KbYs

. . Network .
/ A typical 50 Kb/s wideband data system is

illustrated in Figure 3. The baseband datg signal

that" originates in the data equlpment on, customer's

premises is fed into the wideband data station.

2

.2,3.1 Wideband Data Station

- The maln functions prov1ded by the w1de-

band data statlon are.

a, Condltloning the baseband data signal for

optimum Iransm1531on over the wideband

transmission facilities. a

<

o
\\ji. Interfacing the various business machines

[ d

)

. with thé local access loop.

c. Providing line and remote test functions

in coordimation with the wideband test

[ . bay of Ebp central office. .

N

"\

,‘s
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~\~N\gohditiéﬁing the baseband data signg; for
opéimum transmission is accompiished‘by the

303~ type data ‘set of the w1deband data stdtion.
The condltlpnlng process is 1lﬁustrated in

Flgure 2.2. It involves:

a. rRemoving thé DC component of the signal in
order to adapt it for transm1551on through
DC blocklng 01rcu1ts and transformers en-

o «?

countered- along the:varlous transm1351on
facilities. At the receiving end, the DC
component is restored back to-the reéeived

line 51gna1 by means of spe01al c1rcu1try

o ..(regeneratlve slicer 01rcu1t)

I
b

b. Attenuating the_low—frequency components:

-of the signal to allow easy fecapturihg o

= b))

the w1deband/carr1er at the receiving end.

. \; ! -
¢. Limiting thel/ data baseband to within about

100 Hz to 37 KHz.

1

[ - “I

In addition to the basic functions a, b

and ¢ whioﬁ are common to both synchronous and
‘asynchronousfdata sets, a synchronous data . _ '
“set incqrpbrates syﬁchnonizétion reco&éry and : ’
signal regenerétion in addition to a sgrambler
- dqscrambier arrangement,

o . N v

|
s . e
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!

gﬁ the type of s1gnals used must be necessarlly"

4

side and performs the inverse operation to ) ) '

-2l -

~ The transmltter of the synchronous data

A}
.

etlincorporates a scrambler which spreads

the energy_of the. data signal across the data ?

'channgl band in order to limit high level

discrete frequencies which could otherwise

* intermodulate with strong talker signals to

credte intelligible crosstalk conditjons.

’ | g
The receiver of the set retimes and re-’
ot

shapes the received data sn.gnal prlor to
*passing it to a descrambler Wthh is key

locked to the scrarpbler' of the transmitting

restore the' original.energy distribution. It

1s therefore very 1mpor'tant to reallze that
© , 7

some restrictions have +to be made if a syn-

chrgnous data’ station is used for non-- .

synchronous wideband services. Since the

scrambler - descrambler' arra‘ngement is not

]

‘used in the asynchronous mode of operation,

of randé{n nature (asynchronous facsimile or

cryptograph signals)., Such signals do not

©

have repetitiv% patterns which’could give rise”
to extreme 'concentration of power at discrete
:frequencles and consequently - to J.nter'ference »

and c‘rosstalk coupling. °

*
-]
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‘The necessary interface'and test func-

tions are accompllshed by the 806B type data

’j aux111ary set of the w1deband data statioh.

This set is mainly. concerned with 1nter acing
the various data aux111ary sets of sta-
tion with the local acécess loop It also ‘
provides means for 1oop1ng data transmlt

leads to data receive leads i'r.pestlng the .

- associated data sets, as well as monitor and ¢ °

* termination Jacks for test agcess on wideband

L 4 , \
~and voiceband lines.

_ Other auxiliary sets needed only in non-
S ' ’synchronous wideband data stations are the
4048 type daté#set and the 804A type data,
~ euxifiary feth F‘ge Lo4B type‘data set is a
voiceband yransceiver which receives.voltage
'data'eignels kro@ the businéss machines and
converts them into parallel multifrequency
- signais.
. voioeband tggnsm1351on circuits of the, 8068
.type data’aux111ary set The recelve_ere of’
the 404B type data set performs the inve%se
operation and basseeﬁﬁheﬁvoltage data sigﬁals\\
' to the business maqpiyes. -

- Together with the 404B type_data set, an
. BdhA'type QQﬁa éuxiliqry set is required to
- N o . \ .

r . * . . "
v . ; N Kl N
f*».,- . . Lo . \

. 12 B . N 1

These signals are thengpassed to the
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v

2.3.2

v

' . . ®
provide a telephone receiver,and supervisory

o . ;
‘features for voice communication over the

voicebapd.qdordination channel. - Kttached €§'
this set ;s&a,loudspéakef Srréinged to oparate
when the 804A set is in the data mode. and the

telephone receiver is oﬁ‘hook, ‘A privéte

line'terminal must be used with the 80L4A set ..

to provide.variops control functions.’

Local Access Loop

&

oot :
A local wideband loop-consisting of an

., unloaded four-winentelephone‘hg?lé is used

ﬂlfoerranémitting the restored polar line sig-

‘nal between .the wideband da;é,gtation and the

-4 v

central’ office. WLR-5 widéband repeaters are

needed to pfe?ide gain équalization and pilot

céptrolled regulation. to compensate,for

E azzgnuation loss_and amb;entutemperature.

nges of the cablé. . .

The repeaters may be housed xn a case
fg; pole or manhole mounting and powered ]
either 1oca11y or remotely by sendlng 51mplé§

* current over the cable palrs ..For lpnger

distances of more than 20 miles, the access

»

) 3\ .
~facility may consist of repeatered carrier.,

cifqyits, such as the N2- or Tl carrier. In

w7 ! :
® . ~ 3

[N
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such applicatioﬁs,‘a wideband modem is re-
\ ' ‘ . 13 .
’ quﬁred at,the data station (o condition the
'. 3 ’ - n \," s ’ " '
data Signal for transmission over the carrier

-

P -~ .

L . s '
" facility. v ’

. [

- . : . b S Do
- _ For the voiceband coordination channel, -

-*

a separate two-w1re fa0111ty is used Bpth |

.the coordmnatloﬁ“tna el and the w1deb d data

channel terminate i e'widehgnd service bay
. . A N
“located at.tge central office. )
v “ ¢ * ! s -

s

.3 The Central Office” R

- Y h -
y .

Tﬁe wideband servige bay fundtions as an

.

‘@mccess arrangement and prqvid?sithe necessary

ir

/ . . . 4L - = o8t .
Interface between the baseband and the carri-.
' LA <

. * : n : .
er facility or between sepdrate carrier facil:

-

ities. It provideg\wldeband distrlbutlon

» frames and accommodates wideband and v01ce

Jack strips for testlng the data and voice
. . N

" circuits in both directions. Adjé%ent{}o this _

' bay, a widebaﬁd.test'access bay is usually

" installed. This bay acCommodates transmissioh

-

testing equlpment needed for remote testing of
» - H

w1debanq data sets and. the associated data and

voice circuits.. o *
. y‘@ LN v 3 -

[
-~ ~

.
-

The wﬁdebend dafs'modemzds.a modulator-

demodulator unit fequiréd‘teyallocate the

~

.
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restored polar line s1gna1 in the groupband
"V of the multiplex fac1lizy. The modam must be i

q'Eherefore fully compatihle with the c rrler

L \

Y system used for transm1351on: —__ ) ’
k] ) r ‘N ’ ) Y
( Summary : - e Y
.+ The previous sections have defined the terms (:

used inlD'igi'tal Data Communications (bits a'nd~;oaods'),.
‘and concentrated mainly on the first w1deband data

serv1cés (50 Kb/s) that‘are still in use. The most

frequent $ypeé of modulatlon schemes have been )
coyered also. Black Box approach, to represent Sy s~

tems layout has been employed. This technique will}p Co-
be used tﬁroughouteﬁhys feport. - !




’ PN
- ? " a— -
N L t
- ! . y
€ h s \ N 9
' v N
. J

oo ' CHAPTER III




Lo

-'29 - . -
", CHAPTER IIT «.  °
. CARRIER SYSTEMS ,

i —

"y In this chapter the most common carrier facilities
vw111 be discussed.. Some of these facilltles are oper?tlng
and carrylng data messages across the country. Other sys-—

I

. tems are in the devel pment ' sﬁege and are . expected to be in
service by the end of this year or early next year. The
major systems to be-discussed are: '
a. LMX-2 Carrier .
b. N2 Carrier o -

)
c. Tl Carrier

d\T'LD—l,Carrier ;““ y h B | A -

- e. lLD-h Carrief,‘ | ) . -

. ', ,—“ Q. . B ,

}.1, IMX-2 Carrier ' | « o '5:‘ "
| .o Z The ﬁE-LMX-Z system is an analog carrier sys-

tem which utilizes SSB-SC and.frequency lelsion

umult1plex1ng.to provide up to 600 voice frequency

. -.channels (expandable to 1200 ch) on 1ong<hau1 rputee
up to 4000 miles. Twelve voiceband chgnnels which
ate normally multiplexed in a groupband extending .
from 60 to 108 KHz can be replaced with either two
haif-gfoupiyideband channels.eech capable of carr&iné/ -
19.2 kb/sec data service, or one full-group wideband
channel cageeie of carrying 50, kiy/sec date service.

; Five .groups are quulated’into the supergroup‘band‘

S

t
- N ¢ .
v
.
1 . -
0
¢ ‘ .
- N - .
. N '
- ‘ i
3
- ¥ - .
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' errqnpratés. Therefore, special delay equalizers '

group connectors to equalize the time delay charac-

(312 to 552-KHz) and ten suﬁergrouﬁs are combined in’
a mastergroup band (564 to 3084 KHz). $he transmis-
sion facility fé either .a repeatered coaxial cable

line or a radio liﬁk‘ ) ‘ \ > ' ‘

-
To modify the LMX-=<2 eqaipment in the central
”office\to be used for wideband data transhission, .

special delay and loss equgliéers have to be added
to group conneptdr;poihts f; correct ‘the delay and )
attenuation distortion in;roduged,by the group.bénd-
pass filtefs. The mogifibatiod'is showﬁ in.figure

3.1." The reason for the necessary equalization can’

be explained as.féllows:

q

The bandpass filfers'oi the LMX group con-
“nector are designed originally to handle voice fre-
‘quency transmission. The ba;hpass f;lter of each ) né
éo;necfor introduces aﬁout 150 us delay'ét the edges
of %he géoupbanq. ;Sincé the ear.is not ﬁery.seﬁ—.
sitive to delay distortion, the delay characteristic
of the group coﬂnector dqés not degréde the voice
transmission. Yet in wideband data systems the en-

velope delay causes phase distortion, commonly known

.as "phase jitter", which results in intolerably high
must be inserted ahead of the baﬂdpass filter of the

teristic, such that the relative 'delay timeé is

<

-t
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grouﬁ 2 and group 4.

- 32 -

A

within few us along the whole groupband (figure‘B.ZQ.
' f

{

; )
The_LWM-6 wideband data modem (figure 3,1) is

desigﬁed to place the baseband data signal and a. '
voiceband frequency channel in the LMX basic group-'
band, 60 to 108 KHz. The baseband data signal (100
Hz'to 37 Kﬂz) modulates a locally generated 100 KHz
carrier. ‘Qhe DSB-AM spectrum iS’}hen shaped by a
vi§tig;al filter to produce é V3B signal. .At this
stage a 100 KHz pglot tone whichtis in phase with
the wideband earrier is added to the VSB;signal.

The résulting coﬁposite signal (figure 3.3)Vis then
at the proper level and.corqect frequency band fdr'
introduction into the LMX grou; comnector.  The |
equallzed data signal is then passed to the IMX

transmitter, whlch places it 1nto the basac super-

group band (312 to 552 KHz).

The supergroup ba&k is not delay equalized.
The data group therefch cannot be allocated at the
edgéf of the supergroup band As shown in flgure

. 3.4, group 3 is most suitable to accommodate the data

\ :
group because of its flat delay response. If re-

L]

quired; two add;tional data grogps can also be acchmé'
modated in the unequalized supeégroup band to occuﬁy

I
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3-2

" which utilizes DSB-Modulation and frequency division

N2 Carrier « . ..

“ . \

The NE-N2 system is an analog carrier system,

ﬁultiplexing fo provide up to 72 voice frquensy ~-#—
ghaﬁnels'(expandable to 96 ch) on short-haul roufes
up to 200 miles (exchange area rénge)f' Twelve
voiceband channels are multiﬁlexed in a groupbana.

The group frequencies assigned to the two directions

of transmission are frogged at eat¢h repeater-site.

The low group extends from 36 to 140 KHz, thé high
group extends %romfl6h to 268 KHz. The transmission
facility is either aerial or uhdergfoﬁnd cable (non-
loaded pairs). The groupband is sufficient for two

-

half-grouprwideband channels each capable of cérry-
\

ing 19.2 kb/sec data service, or one full-grqup‘ F |

wideband channel capable of carrying 50 kb/sec qata

service.

| ' To adapt an N2-office for wideband data trans-
miééion, we have to install an N2WT-1 wideband ter;
minal (figure 3.5 which ac;omﬁodafbs the plugfinu ‘
units of an N2WM-2 data modem, an N2WM-1 high fregq.

equalizer unit, the N2 group transﬁitting and receiv-

ing units, a.line terminating unit piué an arrange-
ment for the&alternate use of the N2 carrier line for
elther the wideband or voice mode of 6peration. In

. R ‘ ™~ '
the voice mode, eleven VF-channels (Ch 2,4,5...13)
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‘mitting unif over the N2 carrier line.

. modem high frequency equalizer unit.

: - 37 -

[

- R 'J - ’ s . v /

replace the wideband data channgl. Channels l.and 3.~

are used for voice communication at -all times.
4 -

' Figure 3.6 shows a fully equipped N2-office., ¢

s © The N2WM-2 wideband modem is designed to ~ '+

place the restored polar data smgnal and two voice

giequency channels in the N2 high group’ band. 'The,~
restored polar data 51gnal (;OO Hz to;37 KHz) modu-
lates a locally genereted'ZhO KHz wideband carrier. .
The DSB-AM output is fed' into a VSB ‘shaping network, '

1
whlch paSses the lower SB, the carrler frequency and

a véstlge of the upper sideband. - This network 1n—0
cludes also delay equalization to correct its own -
delay distortion. The shaped and equalized output

is then combined w1th.two high greup v01ce ‘channels
1 and 3 plus a 176 KHz toneqrequiredxto properly -
load tﬁe,NZ‘system when operating in the videband

mode. The poﬁer of this tone is adsusfablé.to pro-

vide a total system output of +12.0 aBm for HGTx and . -

+3.0 dBm for LGTx. - The composite total spectrum of

“figure 3.7 is ‘then transmitted by the group. trans-

-

-~ ' ‘
The N2WMr~2 receiving unit utilizes envelope fﬁl'

detection to achieve non-cohep%nt demoduiation. The .
time delay caused by th% group equipment and the N2
repeaters is pre—equalized'bi eQ_NZWM—l wideband

1

v L
1
§

3 3
' ’
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T] Carrier

n/ v 4 . .
. The Tl-Carrier is the first digital cartier

‘system "that utilizes P,C.M. technique and it has the .

lower bit rate of 1.544 Mb/s ip the P.C.M. hierar-

L4

rchy. This is ‘an ameriCari d’esigne(i system used \or-

4

\iginally to provxde,- telegﬁ'one exchange drea services
of -21+ VF channel on two wire palrs for distances
‘oof um t0-50 miles and 1ntroduced 1n Canada during.

1965

ha\ve passed the mllllonoqclrcults mark

It is largely in use and by now 1t might

/\J
&\' An 1m‘portant ﬁart of th:.s system is the D1

termmal,bank whlch makes use of tlmefd1v151on mul—‘

'tiplexmg technlque to ccmblne 24 V.F .~ channels.
A.ll 24 chan.nels are’ sampled at a'fixed rate of 8000

“1

N

pling rate. Each sample con51sts o)

technlque th.ch employs u= 100 “as shoyn 1n Flg 3 8

>

‘and w1th 1nput output relatlgns defined by' -
g . . . .o o
’ R
] . - . . ~ ¢ . .
- nix Y :
L - ’ - ln(l+v%—3(—) R L;" ,
ysF%):Vm?x' (T T u)‘ ] for,O'lema)’c
- |~ - ] - . .
and . L ‘,. | I‘ (1 u}; — s . ' .
T o el ol Vma);) T
= F(?:—. V max fr= (1 Ty I '6-1"\—‘1 max: X :O

w

wgll |

-~
__ 8o

“.ﬂ
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After'quantization, each sample is‘encoded into a
seven ' bit codé& A signalipg 5it is added to the R
seven bit pulse train of each channel and a framing
* - hit is added at.the .end &f each frame. 'Figure 3.9 Q
depicts the signaling processing in the D1 terminal

bank. : L

It is rather misleading to believe that a
single bl channel represented by an 8 bit pulse
frain and‘sampled 8000 times per second can transmit
8 x 8000 = 64800 datd bits per second. In fact ‘ \\

- o three T1 carrier bits are required for each data
l ' bit. The first transmitted bit indicates the occur-
‘ rence of a data transition. The second transmitted" -

‘ bit carries iﬁfdﬁmation on the time duration of the
. :  data bit. The éhird.and final bit relays the direc-
fibn of the transifion that is plus or minus. Sigi-
larly three Dl-channels must be réiéésed from voice-
usé)fbr each groﬁp rate data channel (50 kb/s?d) or
12'51{channels for éacgnsuggrgrpﬁp'rate data channel
(250 kb/sec): This'shows;guite clearly, that widei

band data can be transmitted 4 to 5 times more
efficiently on a Tl-carrier system than on analog
‘carrier system$ as far és bandwidth utilization is.

= : ‘concerned. Yet in most practical cases, the engi-:

neering of a nationwide wideband data network could

hotlavoid transmitting 'data signals via existing
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did not readily exist. N

To'adapt a Tl-carrier system for wideband
data transmission, T1WB-3 wideband.data banks were

-~ needed in .copjunction with existing D1 voice banks

mlnals which provide a'full duplex operaxlon for

time multlplexlng data s1gnals w1th PCM voice .sig-
nals. Figure 3 10 shows a fully equipped central

offiéelarranged for m;x1ng 21 voice channels with

~one 50 Kb/sec widebang data channel.
b - o 7

A " The transmitting section of the T1WB-3 déta
) | . bank is used to: - ‘ ‘ \‘ |
- \/* a. Convert from one_ to four channels of 2-level
; ;. - ' synchrénous or non-synchronous serial data or

facsimile signals into unipolaf PCM signals

-

. that have the same characteristics as the uni-

polar PCM signals used in the D1 voice bank.

bank into a unipolar PCM train, . T .

~ ~ ’ - . N

c. Remove all PCM pulses from three unused voice

channels of this unipolar PCM voice train for

. ‘ ¢
- LY :@
0

s v, s

. analog systems at locations where digital facilities

-at terminal locations t6 form data/voice hybrid ter-

’ . - .
i ' b. Convert the bipolar PCM voice train.froq the D1

r " ban

|

|

|

each -group-rate data‘chanﬁel to be transmitted.
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d. "'Multiplex the data and voice channels be in-

. serting the unipolar PCM data pulses into the

pre;empted voice channel slots. | "

., ’

- e. Convert the resultant uhipola?ePCM data-voice

train into a bipolar PCM train,
f. Transmit thls blpolar PCM data-voice traln over’

the Tl repeatered line,

The receiviﬁé'section of the T1wB-3 data bank
+ . ~ :

is used to: - - B . '

’ , iy )R%%eive,ﬁhe bipolar PCM data-voice train being ’ <
- - n .
' transmitted over the Tl repeatered line from ¥
: Tjhe far end. : \

¢ . k‘

b. Convert this bipolar puf%e traln 1nto a unlpolar

B © train. o . LT r2
v * @ . . . . . .
IR c. Demultiplex the PCM data and voice trains by
- . e;tfacting the unipolar PCM data train from the

! | upipolar PCM.data-voice train. -

d. Insert a PCM pulse code into each now-empty

a voice slot to pfevent a signal from being
; ' . .generated in the D1 decoder during any pre-

empted channel siot.

’

L3

e. Convert the unipolar PCM voice train- into a bi-

«polar pulse train and apply it to'the D1 voice

bank for decoding, demult1plex1ng and distri-

N bution to the external voice circuits., -

N g ) X
AN P




A

f. Demultlplex the unlpolar PCM data traln and
distribute the resultant to .one to four 1nd1— ° -

vidual PCM data trains to "the channel decodl%g,

A4 . s&

circuits.” | '

N
g. Convert the individual‘PéM'data trains into .2-.

level serlal data signals fotr appllcatlon to /

the cnnnected data sets.
, E . 4

Possible data/voice combinations which 'can be-
, 1

\\\\\;iiéeved by the T1WB-3 wideband dété bank are'listed\}n\\\ )
. , T X | ' X
. Table 1. — | R P
' K - ’ " ‘

WIDEBAND BANK | CHANNEL ARRANGEMENTS x

I

<

, 1 Channel - 50 kb/s )
~ . 21 Channels Voice 0N

+

| 2 Channels - 50 kb/s
T1WB-3 - , 18 Channels Voice

, , . . 3 or 4 Channels - 50 kb/s
o : : 12 Chanqsls Voice -
. )

Table 1 - Possible channel ar;éngements for
X » mixed wideband data and voice
| transmission

L]

fThe,?oiceband‘cbordination channel norméiiynrequired
with the wideband'data'channel can.be'erVided as a sepa-

-
¥

rate Tl channel on the D1 bank.

"




In system applications where wideband data is.

~ ~ - ‘the only service provided on the Tl line, a choice
of several wideband data terminals can be made. The

various gpannel arrangements and data speeds provid- °

ed by these terminals are list®d in Table 2.

) -WIDEBAND BANK CHANNEL ARRANGEMENTS
// ) ‘ | 8 Channel - 50 kb/s" y 3
“ 4 Channel -.50 kb/s
Tl1WB-1 1 Channel - 250 kb/s |,
2 Channel - 250G kb/s
) e - - -
N . T1WB-2 2 @:annel - 250 kb/s
) \
T1WM-1 1 up £} 250 kb/s
N ‘ N /
'Table 2 - Possible channel arrangements‘ for
ey transmitting wideband data only (no
Sy voice channels) 5

The TlWB-I'w1deband data bank has several ' -
possible arrangements dependlng on the type of w1de—
band Qata serv1ge required, whereas the T1WB-2 is
used where only 250 kb/sen wideband daéa‘ig serviced.
The T1WM-1 wideband modem provides a fnll-dublex - ;
P .wideband service at any speed up to 250 kb/sec of -

synchronous or non-synchronous serial data.

©
+

_ The 1.544 Mbs P.C.M. bipolar pulses from any '
2 of the T1 wideband banks are transmitted over Tl re-
° peatered line. The Tl.repeatened line is made up of

| - ! . |
[ two ordinary cable pairs (one TX and one RX) -and line
| ) '
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" The a@plitude of these new pulses have 3 Yolts in .

. in operation dince summer of 1974, Unlike the Tl

I

e ]

.

repeatdrs along the line at a nomingl 6000 £t apart

of 22 gauge wire and 0.082 uF capacitance. The 6000
fé section'is equivalent to 31 dB loss at 772 Kﬁz;

but the repeater is designed to cope’ with lo;ses up

to 35 dB. For short sections, the repeaters are
equipped with build out netwqu to provide an értifi—‘
cial 1line iﬁ mulfiplés of 2.4 dB loss at 772 KHz.

The .power required for the‘Iine repeaters is!trans—
mitted from the tefminal or intermediary éffice over
the same two céble pairs using a :-simplex approach.

?he line wepeaters are housed-in sealed cabinets and *’
mounted on poles or in manholes. The word "line re-
peaﬁer" is rather misleading since it does'qot re-
peét the incoming signals. It regenerates a qéw

=

train of pulses based on the information received.

”

amplitude and 0.33 usec width. The appfopriéte name

would be "line regenerators". .

ILD-1 Chrrier '
[ . %

. It is the second digital carrier system gen- «
- o

eration that utilizes P:C.M. technique and has been

carrier, the HP-l system has been fully developed
and désigned in Canada by B.N.R. (Bell-Northern Re-
search). It ‘'too has the lower bit rate in the L}

’

P.C.M. hierathy, 1.544 Mbs and, like T1 carrier
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e
- transmits 24 V.F. channels or equivalent over two -
pa::Lrs of ordinary cable wires. Since it makes use .
. - ' of the latest developmen‘t in the art of J_ntegrated )

01rcu1ts and thick film technology, the LD-1 carrler
!

o . turns out to be net superlor to its counterpart T1
* ”

Nt

Al

carrier. »

Lo

j
llne is now 25 miles, ve1/us 15 mlles for Tl-car-. ",

rier. The line current has decreased to 100 mA from-,
/

~140.mA for T1 which/implies about 30% energy sav1ng. )
The overall system lengt% has increased to 200 miles ‘
Lo ! from 50 miles for Ti. Although compatible w.i_th T1
c'ar'r"ier', its maintability has great'adyantag,;es over
Tl. Equipped with a new type of fault 1oqafe, system
‘it makes poaéible to fault locate a -fauity line re-
_____ i)e'ater in an aphlaratu,s\,'cé‘&,g from any terminal office '

of a span line, the line section Hetween two power -
‘ . . . , . . ~ )
feeding offices. As an added feature the LD-1 em-

.ploys a fail .span detectiné (F.S.D.) systen that .
' automatically interogates dp to 'three rodtes, each .
. L "+ 200 miles 1ong, and displays the status of each
span. The size of line &s well as the o:fflce re- ° -

L]

peaters has been reduced by 50% which makes it now ',
- -

possiblevto increase the number of line repeaters up

- to 50 in an apparatus case and up to 75 office ‘re-

, peatérs per 9 ft. bay. This is a great improvement \J

' . . .
. o v
c 1 . ¢ .
) e '
- - "

¢

‘ L ~ The power feeding p01nts «for the repeatered d ‘ .
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' in space ‘@llocation which becomes very crditical day

over LD-1 or Tl facilities. The DE-2 is further

\
"

by day.

for ‘ no

- £11 above features makes the LD-1 carrier‘an . - J

i v .
‘attractive system for short haul communication net- .

works. . ' . ‘ - ,
Since its 1nauguratioz{ it has not been used

for data communlcatlons, although llke Tl carrler,,

it is de51gned for data as well. ] ‘ |
Like TL the LD-1 parrier mal:;sfs_e of the D1-. _ 1

F e
DE-2 \’%ank,

which multipléxes up'to 96 V.F. channels or equiva-

terminal bank or the newly develop

lent and thep 'groups them in four (each equivalent

to 24 V.F.) carrier P.C.M, ﬁulses for transmission

described in section 3.5. -

‘Due~to its compatibility with Tl-carrier, its
transmisgion characteristics are the same- as Tl and’

need not be repeated. " .

LD—& cayrier

v

The LD-4 long. haul transmisF'ion system is: the
‘latest digital P.C.M. carrier being devéloped by

o

B.N, R. since 1970 The target date for the first
system to operate is durlng 1975. '

o,

v - -
sy . . ‘
- . <
’ .
. A -




s This digital lgng haul system is composed of -

&

;. o the LD-4 digital line and associated terminal multi--

iplex and codecs. It is de'signed: to, operate over

Y . coaxial cable at a bit rate ofjapout 274 megabits

-

< per §eéond and for a distance'up_xo AObO miles.

-

- . - i
.The capacity of this system is 4032 standard - |
. : -

voice circui¥s or equivalent, ber one pair of

e =

" coaxial tubes. ' The system employs-a 12 tuhe cable

and provides a “total route capacmty of more than N

2 ‘ 20 000 two-way circuits. - s AN

i
} : o i
The digital line operates over 0.375" coaxial }
\\ ' cable'and includes all required éuxiliary'systems
/ﬂég.,' such as line power, cable :gas pressure system, suri

A/veillance and fault 1ocat1ng, 9@».

[

Codecs and channel banks are based on P.C.M. |
encoding. Close céoperation with international or-

ganizatlons will insure compatiblllty throughout the&

w

WOrld as standards are established.

The dfgital multiplexing is based on the *°
No;th American compatlblllty hlerarchial system.
Figure 3.11 111ustyates this hlerarchy. Inter—~
connection with microwave radio systemé is also fa~
cili%gted. The data messagéé will interface with
the LD-Q_SB}rier via wideband data codecs at Dxrle

points as illustrated by Fig. 3.11.

< ; , ") ‘ - '
; o ‘ o
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A peo E L -5k -
;" o : J ';" The only way to \?escrlbe/ﬁ*the ‘LD—h system 1s.
N L - " to brake. 1t down J,nto subsystems such as: "
| B }) , DE-2 Chan;v,\el Bank : ""E SN
T 2) Mastergroup Codec’ N \
S \m, ) : ° 3) T.V. Codec . . . S
R /\ o "‘-4) Vldeo Telephone Oodec e e, T R ‘.
, ) "'. s 4 5) Dlgltal Multiplexers (MI,-lZ ML-c23 and ML-B&)"‘
e ... "e). Cross—connect Bays (DX-1, DX-%; DX-3 and DX—l+)
o i . » 7)) Dlgltal Regeneratlw}e R'epeatersﬁ o - e N
E L ,8)1 The Cable ; \ . L . ¥ )
: o "9), Cable Power Feed ° ‘. _. . . g \t :
. ,{'\ o 10) Pre*bection Sw.ltch:.ng System o : i '
. A \ e ' N oy Il) Superv1sory System ¢ o
v ~ f - 1 )‘ e}as Pressure S,ystem : p + \ ‘
<o s . . > - s - A .
>~ . . .. 3,51, The *DE-fz Channel. Bank\, o , J
. . e S o 2 ]
) . ) . ’ . Thé DE-2 channel bank is a voice terml-
. “ N nal using 8-bit pulse code. modulatlon (PCM) )
N A ,,“,4*,*’- for trﬁ economical- transmlss;,on of toll
) ¥ , \\ quality voice channels'. on dlgltal ‘transm:!s— -
) . N .- B sion nel:works. ' The 96\o’hannel versmn’ ot‘ the
' R ™ e v PE=2 charm,e}. -bank is divided into four\/ di- -
| ‘ P " . ) groups, each of whlch provides a 24-channe1 -
| °, ' : b fdlgita,l output whlch may be connected, ovér
& %.' o o -T1" type PCM ‘q!;rrier s§stem llnes, to the dl—.
“~, AR ﬂ - ‘groups of DE-2 chanhel banks at up oto four ‘
o a’ \ s N dj_fferent {locations. Integrated cibcuitry
. - v d + B .
R f = ! e N \ .
. ¥ . S\

T a

e
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énd advanced pa&kaging fechniQuee result in
such compaet equipmeﬁt’thaé two DE-2 banks,
192 channels wrth;all assoc1ated equipment,
mouet in one single 51ded 117" (3.5m) bay.
The DE-2 channel bank is end-to-end compati-

t . - ble*with the Western Electric D2 channel bank.

*

-

. o * ' CHannel juni}s provide the interface be-
e tweeﬁ the trb k amd the common equlpment of
th; channel bank. Fifteen, types of plug—ln
channel unlts may be 1nterm1xed on a channel
bgsk to meet the requ1rements of the varlous
_ trunk circuits: The channel units 1nclude

’ builﬁ-in tefmigftlng sets and telephone .

- L 'splitting'jaékS‘fér'resﬁoration patching or
1‘"“ N s - < ,
testing. ; Common plug-in channel units may be
< N
N intermlxed on a channel bank to meet the re-

’ ' ) ° v

R gulreqents of -the various 'trunk CerULtSu
.The channel units include built-in terqpn-
.atlng sets and telephone spllttlng Jacks for '

‘ réstoration patching'or testing. Common

“plug-in units’translate tﬁe:anglog signals

- into 1.544 Mb/s pulsé trains for transmiseion
- . on the four digital lines,' At the reeeiving
- > end, the DE;Z ohagpel bank decodes and

| * sepdrates the’ PCM signals into the 96 origi-

‘ \ . ,
nal voice signals. , . -

~e
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The Mastergroup Codec
‘The Mastergroup codec is.a terminal
eqﬁipmenﬁ that allows the transmission of a
600-chhnhe1 mastergroup signal over the

long-haul dlgltal networks." The transmit .

'termlnal accepts the analog signal (564 KHz

to 3084 KHz), translates it to“a lower fre:
éugnc¥ band (40 KHz to 2560 KHz), samples it
at a 5.1 MHzbrate and converts the samgiés
into a 9;bit code. The 45.Mb/s outpdt is
multlpﬁgxed into a high capa01ty dlgltal
link. .-The recelve termlnal accepts the 45
Mbég §1gna% and reggsverts it to the'orlglnal‘

analog signal.

The TV Codec \ - .

- &
The' TV codpc is a terminal equlpment

that processes the v1deo baseband s1gﬁal for
fiﬂnsm1551on over the dlgltal system. The
sampllng rate is 10. 3 MHz and the -output is
two 44,8 Mb/s bit streams. This output is

fed to two adjaéent 45 Mb/s inputs of the =
ML-34 multlplexer for transmission over the :
LD-4 line. Up to three ‘ugh quallty «colour

TV channels may bé tfénsTitted per coa;ial ~«\"

tupe.



o

3.5.4 The Video Telephone Codec

[

The design requirements for -this equip-

ment are under investigation and little in-
A - ' 4
'formation is available at this tipe.

— —-

The overall objective will be to convert

——

. the Videq telephene baseband signal to a 6.3
ﬁb/s_digital bit"stream: Up to 42 of these

bit streams can be interlééved‘Via the ML-23
and ML-BAImultlplexers 1nto one 27& Mb/s blt
stream for transm1551on on one coaxlal tube.

~

r

3.5.5 The Digital Multiplekers * L

. There are three levels of multlplexers
associated with the Dlgltal Long-Haul System°.
The ML-12, ML-23 and ML~34 multiplexers.

* -, - .
A multiplexer-consists of & transmitter

which combines severdl low rate digital bit ‘;
streams of slightly different bit. rates into

> o . ~ . 4 P
one high speed bit stream, and a receiver

——

‘ whiph’pérforms thgvinvéise function. -

. ! N %
a) The ML—12 Multiplexer a //-A

Up to four 1. 5&& ‘Mb7s bit streams can be com—
bined into one,6:314 Mb/s bit stream by the
trensmitter. The receiver performs the in- ,

verse function. . -



v The low speed connections may be to a DE-2
_channel bank, a D1 -channel bank or a wide

- -band (50 or 250 kb/s data terminal)a

ﬁf to 28 ML-12 multlplexers and ‘a standby

& multlplexer may be housed in one 11'c" bay.
: ‘j : ‘ : ’ . i
' b) The ML-23 Mu1t3>1exér ' ‘ '

Up to seven datla streams of 6.312 Mb/s can be
combined into one 46 Mﬁyg'bit stream by the
transmitter section of the multiplexer. The

receiver section performs the inverse func-

\ S f . tiono — . +
- - i

The low speed connections of ‘the muffiplexer
ﬁay be either to seven ML-12's or seveﬁ'VGdeo

Telephone codecs or a combination of two.

. Up to twelve units and a standby can q@

housed in one 11'6“ bay. '

. Y
c) The ML-34 Multinlexer y

A‘max1mum of six 46 Mb/s bit streams may be
combined into one 274 Mb/s blt stream by the
ransmlttermsectlon of the multlplexer.

- \

gain the receiver performs the inver@e.fhﬁc-

tion. The low speed connections to tie ML-34

codecs or three TV codecs or any comblnatlon

- . of the three.

N may be either six ML—23's or six Mastergroup'
. . 4
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. -
s

Up’to five ML—BA‘multiplexers and éée standby

may be housed in.one 11'6" bay.
i s , ' 5 "

*

3.5.6 The Cross-Connect Bays

1 ¢ There are four cross-connect bays

. \
! . ) associated.with the Digital Long-Haul Sysfeﬁ:
’ DX-1, DX-2, DX-3 and DX-4. These bays\all
serve a similar purpose in’ that they permit14
access to lines in between majof processing
points. In the eveﬁ% of failures at thése
majbr processing poinﬁs,‘patching‘at theo
- \ cross-connect bay will restore service.
e L t o ‘ oo ‘
. a) Ths_DX-l'bay is located 0 to 750 feet |,
| ,froﬁ $he ML-12 and is the crdss-connect‘
) ﬁoint between the terminal equipment and
Jfirst multiblex (ML-12).
. b) The DX-2 bay is located between the ML-12
K "and ML-23, O to 1500 Ft. apart.
¢) The DX-3 bay is located between the ML-23
and ML-34, O to 500 Ft. apart. '
T §) The DX bay is located between the ML-34

and the termingl repeater, O to 50 Ft.

apart.

(2

All the cross-coqnect bays are operated in a

—

. : . - . -
AR central office environment and are essential-

1y pasfive devices. ; / (
k) ! -

- !
- r . M
L e -
f ~ - . \ ’

© .
AY . r~
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U ' . ' SN
' 3.5.7 The Digital Regenerative Repeaters

There are two types of repeater used

~

.in the 274 Mb/s dlgltal 11ne system. The
line repeater and the termlnal repeater. The '
3 &
. two repeaters are essentially the same except

that the line repeater transmit and*receive

sections are contained in one unit, whereas

the’terminel repeater transmit and receive
sections are mouqted in separate plug-in .
units. A furtﬁer differeneelzs that the line {
e repeater’ is powered by DC supplied through
| ' the centre conductor ‘of the coaxial line,
whlle the termlnaqgrepeater is powered by the

o - office power ly. A

R ° ] \ "y
- R . 7 .
a) The line Repeater . 2 A
) : !
/ * :

‘The {.D-4 line repeater reshapes, retimes and
.o, . ‘regenerates the high speed bit stream every
| 6000 Ft. max:.mum!long the LD-1+ transmlss:Lon
line. For less than 6000 Ft. spacmng, the
Liﬁe‘Built Out {L.B.0O.) networks 1ncorngated'
in the repeater_redﬁéé the répeater'input

<4

S ' St level to ac%eptable limits.

~ Up to twelve repeater can be housed in three
- separate sealed apparatdéxcases (four re-
- peaters peg_case) mounted in m5ﬂ£oles placed

g . along the route. There are twelve coaxial
. N . L7
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tubes per cable éssembly. Each repeater Y

transmits data. in one direction only, there-

fore, a pair of “tubes is required for the

transmission and reception of %wo—way'data. b

Of the twelve tubes in a cable, five pairs

can be used for information transmission and
reception and’ one. pair for ho%'standby. The
PrpEection Switéhing S§stem (desbribed later)

automatically switches any faulty tube to the

standby tube. : ~—‘\\\\h .
The 1line repeaters are ‘all idéntical in con-

struction, and do not have to be altered for

the various classes of service to be offered.

‘-

The repeaters offé??highﬁimmgggi§—against
noise,';;:EZE%ipg effii}ent use of the
coaxial cable medium. The latest high fre-
quency, high reliability transiétors and
active'éifcuits; as‘ye11 as reliable passive
devices and rugge& mbuntigg;; have been‘ufi-

lized tb meet the stringent reliability re-

quirements necessary for these units.

U

The Terminal Repeater ' . o

The operation of the terminal repeater is

. similar to that of the line repeater. Up to

\ .
six transmit and receive repeaters can be
]

mounted in one bay eguipped‘with power supply

L4
g
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rnits, violation monifors and the Protection
SWit?hing System. An adjaéent bay, hqﬁsing
the Supervisor&,and Alarm System, continually

onitors the state of the transmission paths
. TN drgenérates visual and audible ‘alarms when

aj;;ult occurs. If a fault is détected, the
/ ) ‘ ' at?'on the.faulty/fzbe is automatically. g

Switched to the standby tube. The chaagsdver
time,;is about 5 ms.
7, + . 3.5.8 The Cable . -
o ’ S SN
| : ) The composite coaxial carrfg; cable to
- | . be used for“the LD-4 transmission meh}um is

. N,
designed for a buried installatien. The

,/’/ cable _may be buried by ploughlng or laying in.

a prepared trencﬂ-at i\recommended depth of
four feet, or pulled through d&%ting of .
. \ . lengths (approx1mately 1200 ft.) depagglné\

. upon the duct resistance, curvature, etc.-

L]

' . ' s Attached Figure 3.12 shows the cross-

carrier, cable. The cross-section diagram

.

» . A} . ~\. . ‘/‘
N these units, |, . T
oot ' 'l&ox’rerall dimension of 2.8" diameter
) Cu o incl&des the metal sheath and polyethylehé

sectiogal view of 'the.LD-4 composite coaxial

shows_the ﬁumber_oT units and the assembly of |

3

f
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outer jacket. The .sheath and. jackef gre Z‘le— '
.signed to provide considerable mechanical
protection for the cable .under all g'r:pund
conditions. A submarine version of the cable

. will be available for a major river crossing.

A dry air or nitrogen gas pressure system is
used with the installed cable to ﬁ:ovide pro-
tection against any ipgress>of moisture. The

\\ gas pressure at ‘each manhole is monitored fo” -

R{p&ide a means of rapidly detecting;and v )
gézcurately locating any partial or complete

cable break that may occur. - “ .

3.5.9 The Cable Power Féed | Y -
¢ o ‘ ]
Power is. applied -to ‘the cable at power )

feed points spaced g maximum of approximately

120 miles. The cen‘t;}'e conductors of a two-
'way coaxial systen, {:og'ethe;r" with the associ-
ated repeatérs, form a closed loop. Positive -«
and negative voltaggs (up %’o 1800 volts each) -

Y
are applled at each énd of long sectlons (65

0 to 120 mlles) and at one end only of sect?ns
under 65 miles. The system is grounded at one
' end, and f£loated at the okher with \a\ground

protection panel to prevent excess1ve volt-

J

l ages. )
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3.5.10

(

‘Manual transfer of traffic to a spare chan-

-

- 65 . - '[”
< " B
The power supplies are DC to IC conver-
tefé.operatiné from a -48 volt battery éype
DC power blant. Diesel standby is available "
to proyé;t the AC suppiy, should the com-

mercial power be interrupted.s ’
N . ) : s P L 3
The Proteétign%Switching System
" / x -
ey N N

The Protection Switching System, auto-

matically ﬁrotecté the LD-4 Repeatered Line

L

.System against prolonged loss of traffic im

the event a transmission failure occurs on

N

one channel. It also provides automatic )
v ‘ . .

¢

transference, of traffic from a working chan-

nel to a spare channel; without loss of ser-

’

vice, when the working chénnél transmission

is degraded (error rate out of épecif;cation)..

.

nel can be effected whenﬂheasurements or ad-

. : Y R
Justments are necessary on the working chan-. .

nel.. An indightion panel sths thé status of

alfﬁchénnels and alarms. <Connections are

available for remote alarming and controlling

. through the Supervisory system. - -

The Supe[vi sory %ys_‘t‘jem

Each Supervisory sﬁstem provides a con—"

tinuous monitor of the pérﬁprmaﬁcé'ofﬂaLl the _ .

- ~ /_\
» ‘ : - ‘




(=24}
v

o The gas iressﬁre srstem provides oo
mehns of rapldly 1dent1fy1ng and accurately’ "
@locating cable breaks and excessive leaks as !
'-ai?_well asﬁrreveﬁtlggcan 1ngress of»molsture. )S
SN .

T -

" The éas'Pressure Sys}em

, M166-” Y

-

‘ ,
L 4 .
,

LD-4 liefwand terhinalrequipment within a

radius of apﬁroxiﬁately 30 nmiles. By re-

. porting alarms from the line and fermina}

equipment,yp a central location, the repair

" Mnd maintenance operations for the complete\\

LD—4 system in‘the\aféaxmay be coordinated ‘
from one point. In addition, the remote con- '

trol function of the system allows many rou-

1

tine maintenance and repairtfunctions togpe

b4 ‘- 1 ° . ) ~0
carried out from the supervisory centre. .
& ' % ‘

! ' ) - .
The Sﬁpervisory system copsistsiof an

alarm:and control system capabl honiior—

X

ing and operatlng two-s¥ate (on-off) alarms

and controls, plus an, @nalog telemeterlng

a

L3

system to report the state of”sensors located ’

in the manholes. Four order wires give the
LI ) ] . . a

system flexibility to assure communication

under any emergency condition.

PRI SN
o

o

L, e d

) R . S
<. .ne sSystem is dynamic in ‘that a con-

‘I

. - . . . ‘ ﬁ .
stant supply-of dry air is provided

~a
&




'

.Y

" ’ :‘J67—J - ‘U-" o
) \ 3~ '

to maintain the air. pressure in the event
4

_minyte leaks appear.’ This keeps the\,

malntenaﬁbe requimements to a minimum.

“shéuld a fallure dceur in the air pressur- ’

t

121ng equlpment or a large’ feak\ﬂpcur 1n

o . the cable, nltrogen badkup system malntalns

o the air pressure untll a\malnuenancé crew
5 - o N a
arrives. ° : S

. { e 4

. The office equlpment ab ‘the Alarm Point

sequentlally 1nterrogates each of the

¢

. manhole pressure transducers, and activafes -

alarms when a fault occurs.
° . o ) .

.

]

¢

\

~

- ‘The overall LD-4 carrier'equlpment may
&, e grouped as folloﬁ% L \ '_5.,2
‘ ‘,_ - Llne Equlpment R R | L

- Repeater Sltes e '
a & ° o ‘ "
. - Termlnal Equl ment- o o e

-

Figure 3. 13 111ustrates the proposed overall

o7

Trans Canada LD—h‘network .

. ~ ‘ ’

«  The prev1ous ‘five sectlons of this chapter . e
r

have covered analog and: dlgxtal carrler systems us d

-

€,
for drgftal data transm1ss1on. The major .dréwbacks' -

o [~
oo ’ y i

a

of analog systems are.

. »
e
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d)

I_The need for system conditioning (delay

less equélization),

" Modems "are require& to interface with
‘ d .

On €\\other h
R d951gned to ¢arry 1nformatlon 1n digital formaﬁr

. .o ’ 7/

~
- \
-

S

Toq many voice-~ channel 01rcults must beg

13

sacrlflced for one data ‘channel (12

channels for a 50 Kb/s data channel over
. o cL e e \
N2 carrier), | : )
]

data 'ba;abqn‘d signal, and " .

0
LY

Hlih error rate performance.'
nd, 51ncé the dlgltal carriers are |,

:#\

- L3 ¢ . b S M ’ -
3 o thgy. «% °, LN
- ! a) Do not need modems for interfacing with
2 Co ‘ ) - 4 &
' . ) _the data, signal, y .
. N o &> ‘v\

'b) Have no 11ne condltloning pgoblems,
‘. -; S . ¢) . Use a ?anlmum of bandw1dth, and . .-
- d) -Have a minimum error rate~wh;ch is
| crucial fofr aaté transmission.
' ‘The}éfd?e,‘fof digital data,’it is Rrefergblé to use
R - digital'trahsmission facilities tolanélog‘one§.
.”‘ s \'~‘ . I . ‘

1

.- ’
'

: ¢
>
L) ‘ ' . - ‘ ‘
. ~ .\ M RN
, ] " . . Fy (\ v « f—-na-—_
. -
" N » §
' . ’ * ~ f-,v I\‘ f J?
\ s ¥ 4 ° o ),
. tT . - A\
-t ! b ° N ¢ i
. » 7
))‘ v - ﬂl‘ . -
- * N [T
2, . i . .
i’. * ' N " » '




~ ) ' LS . .
.. . ALL-DIGITAL DATA CGMMUNIC_ATION NETWORK h;'; . .

- . \




. - 70" . ) P .

“ o CHAPTER IV s
'ALL-DIGITAL TATA COMMUNICATIOM NETWORK

An Chapterd IT it has been described how the dats

Bt

4

~ T

produced by the bu51ness machlnes at theﬂggﬁtgaer premlses
\}
is transmltted to the central telephone fldés OVer analog

3

fa0111t1es by means of wideba data modems. This chapter

o TL descﬂlbe the digital fa ilities over which the data
AN

1nformation from the bu31nes machines is transmitted from

customer to customer through the telephéne“systém. The -
digital facilities over which data is nowzfran%mitted acr&és
Canada.were developed in late 1971 by g team of %echniéal

staff. from ‘B.N.R.;,"Bell Canada and.N.E. Co " The flrst net-
4 <+
work linked' on experlmental basi’s, the cities of Calgary,

“ N

Toronto and Ottawa. This eXperiment’Was carried through
the year 1972 in order to obtaip sufficient information to

enable the same team of pepple to put together the, flrst

TranS/Canada dlgltal ‘data network»known as the "data—r'ou’t:e'\r

e

whlch was 1mplemented in the summer of 1973 Thls will "Be |
.sllScussed in Chapter V. <

v

r .l),.

Y 4.1 Conditioned Diphased Sigh4l (C .&_s_._) ) - )

<
.

In Qnder to transmlt the 1nformat1ﬂn orlg;-

*

nated at the bus1ness machlne t@ the, teleghone office

in the dlgltal form, a new:type.of modulation that "
‘contains it} own clock informatjon was required. It .

is the conditig¢ned-diphased type bf modulation that ['

*, 3
\ ) 5 . ¢




- a0

L)
~

N

Ihe ‘modulation, process

The baseband signal is
conditioned with timing pulses from a local clock
source. The condltloned baseband is then modulated

w1th a square wave "at the tlmlrf—pulse rate The
resultant~pulses ready t8¢he transmltted over the

r.

ordinary tw1sted palr cable are %hnﬁn in Fig. 4.1
(e). Assume thaf the orlglnal basebanﬂ/data to bem

. ™o

~ transmltted as shown in -Eig. 4 1‘(b) i's 1010110100.
-

‘ The oonvertlon to the condltloned baseband is done

o

by supplying a change of level on "1"™and no changes
of levelion "O" aﬁvthe &\?e bit pulses are supplled
by .the 1oca1 clock. -The resultant pulses are sho
in the Flg 4.1 (c) If a square wave 1£'synchro—
d&sm with the or;glnal'tlmlng puises clock, Fig. & 1
(d) is aaded‘tg the conditioned baseband (c)( "thé

" eonditibned'- diphase'modulated signal is produced

. as shown +in Flg 4.1 &e) ThatAas, the signal now

LN

‘»~bohta1ns blnary "kngSdes as phase reversals. The

o’
term "condltloned“ means that information is now

contained in the tran51tlon rather than in the '

- level. An "O'" may be 1nterpreted as a continuing
& " [y I '

Tevel 6rqpo change of state at a clock pulse time,

1

ﬂwhile a "1" may be\ihterpreted as a change of levels

¢ <, o X ¢ . s
' at the time of a clock pulse.
vy n ~ v . ) (
’at W Lot ' 1 -

) MV ,
( Al 0
. by

] N

‘ + ' /‘ * 0 N

and
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4,2

. . P’ !
o Figure 4.2 iltustrates the demodulating pro-

- 73 -

]

1 @t

cess of the C.D.S..feceived at' the customer prem-

ises. To recover the baseband data, the ‘incoming

sigial is delayed one-bit time and added to, itself

undelayed. The resultagt sum is the restored base— - N
s -

band signal illustrated in Fig. 4.2 (d).
\\ _

It-is” the §ubscriber terminal equipment
known as (S.T.E.) that interfaces with"hQF custqmer
data machines and telephone cable 15\?. The S.T.E.

converts the binary baseband data frpm the business
machine into the C.L.S: for.transmission over the
&

cable loop. The traffic bit rate bet;EEﬁ“S.T.E. and

-central telephone office is carried at 19.2 Kb/s for.

) / °

distances up to 36 miles with loop regenerative re<

peaters every 30fdb line loss at 10 KHz. 2

-y

-

Customer Loop -System

Ld ¢

Figure 4.3 illustrfates a typical customer

loop system. The data generated at the customer's
] . -
premises by the bus%egss machine is fed into the ’

subscriber terminal equipment for convertion into

-

C.D.S. and for digital transmission over the tele-

'phone line to the central office. Once the signal

reaches the telephone.lime, it can bg regenerated A N

en=route by the lopp regenerativé repeater, if the

. cable loop resistanqg is greater than 1300 which is = -———

£ - “ N
. \ N .
. - « e
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4.2.1 Subscriber Terminal Equipment’(S.T.E.)
- o A ~

- 76 - ]

equivalent to about 30 KFT loop length‘of 22 GA wire

cable. Althouéh the loop regenerative repeatéfé are

i part of the cable loop portlon of the system, they

are located-an telephone 1nbermed1ate offlceb‘ Upon .

reaching the central telephone offlce, the 51gnal is

'fed into the office loop regengrator for conversion

~ from diphase to binary as originated by the business

machine,

1

| o

"4
. As illustrated by F.igu:i'e .4_3,' the S.T.E.
.' provides an“ihterfacé betweéﬂ the business
- machine and theltelephoné line. . ;t 9onvefgg
the "binary informatioﬁ inté C:D.é.'and trans-
mits it over the cable loop. On the oéhér ~
hand, it receives the C.D.S. from the cable
Yoop and converts it into binary information

. and.&ransmifs it to the business machine.

5 . !

The data rates at which S.T.E. transmits
and receives are: 2.4, 4.8 or 9.6 Kb/s

synchronous by means of a selector switch.

The maximum loop loss from the S.T.Eﬁito'

the first L.R.R. or. 0.L.R. is 30 db at 10 KHz

‘/ which is equivalent to loop length of 30 KFT

of 22 GA wire cable. ‘ . Y

- . -,
N .
‘

~
h
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4.2.3
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Loop Regenerative Repeater (L.R:R.)

}.j
- The loop regenerative repeater is lo-"

cated any\vhere in the cable loop when the
‘maximum loss of 30 db at 10 KHz between

S.T.E. and 0 L.R. is exceeded. The maximum
’ . =i

loss between two L.R.R.s remains as before or

-~

30 db at'10 KHz. Up to six %.R. R.s can be

‘connected in tandem (snc mlles apart) before

¢
the 31gna1 is out of spect.

=] \ . ) - - .
The main function oﬂ'L.R.R. is to re-

genePate fresh signals from an S.T.E., L. R R.

. . Ld
or O. L R. located six miles away, such as t‘o

' 1ncréase the customer loop” system to cca 36

miles if need may, arise. . .

] -

office Loop Regene'gator (0.L.R.)

The O0.L.R. provides the -interface be- -

- tween ‘the telephone. line .(cabie lopp) and the -

office data multiplexer (X. D M.). ' I‘l: converts
the condition dlphase 51gna1 from the loop
1n:(blnary information for the x! D M., and
the X.D.M. reoeives the‘binary infor-
mation ,and transforms it'linto C.D.S.\for ‘l.:he \
loop to be sent at S.T.E. T|he O.L.R. trans-

mits and receives synchronous data at rates '

of 2.4, 4.8 or 9.6 Kb/s. The maximum distance

<
]

’ ""' . ' '4’ .\,




‘1loss between O.L.R. and either S.T.E. or

’,
‘L.R.R. is 1300f0or 6 miles for a maximum

-—

attenuation of 30 db at 10 KHz. For the in-

terface with the X.D.M. the maximum resistance

is that af 1 KF‘I‘ Z‘r&coppsr pair. . .
P . . o ) |
Office Data Multiplexer (X.D.M.) ‘

.The X.D.M. time division muLtiplexes?( up
to twan{:y 2.4 Kv/s sync?lrono,us cnamel,' ten r
4.8 Kb/s syn ‘lsxnous channel, five 9.6 Kb/s
synchronous channel. or any suitable combi-
nation whose input totai is 48 Kb/s. - This.
side of the X.D.M. receives its data from
the 0.L.R. through O to 1 KFT of Noj. 24 GX
ofﬁce cable. On the othe,r' side, the )SD .M..
is connected 'to a’ 303 type data set for
transmlssion over "L" carrier 'f.aca.lltles, ;r |

to a time slot access unit (T.S:A.) for -

' transmission over a Tl or LD-l P.C.M. 1line.

13

Both arrangements are 111ustrated in Fig.
4, 4. The X. D M. 1n'terface w1th 303 or T.S. A.
‘13 done at 56 Kb/s which is now the basic |
speed da%a rate for long transmlssmn sys-—
tems. The dlstance to 303 or T.S.A. is re—=

‘duced to maximum 90 ft and the trans'mijssion.

' 3 -t ~
is done over coaxia}‘cable type RG180 B/U.
[ . 4 'Y
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4,3  Time Slot Acﬁeé Unit (T.S.A.) .. ,

C- i ‘ A -
~ . ” . . . - N . _ - N
PR . : Because of-its importance in the d¥velopment y
- . . of.data transmission, it is appropriate to explain . - .

S, ST _ . S

* K3 . 3 - ' . . -

: its functidns in more detail. e e .-
! .o " T ' ‘ ’ L. $

.
- ——

) - .. . ’ o [
-2 - fhe T.S.A. is »lways assoviated with D1/D2 or

P T D3-P.C.M, ihannel bank, ‘and its main-function is to

- P \ pre-empty ohe or more \{O‘iCé channel time slots at

2! . et . 5 : ’ 3 N

~the T1 level ‘and inls,é;p‘.t\ in’ their place 56 Kb/S ddata
o AN . . v

“channel from the X.D.M..Ai‘igiria.lly‘up to 8 full du=

. o . - .- N ’ .
. ’/ . plex-wideband synchronous chanﬂel?s could be provided :
LT . by T.S.A. for transmisiion over the P.C.M. facily~ .
. ties.i Figure 4.4 illustrates the T.S,A. interface N
N with the X.D:M. and DE-2/LD-1. or DI/TL office ar~ '
é ¥
. : N v PR |
g o o ‘ rangement. : : : Loy .
< :, ¢, ) , ’\ e -y oy .
. - 4.3,1 '!.S.l}/. *S’rstem Block Diagram ° -
. 2 ' I :' ' . - - . " A Y |
NG, f"'lglg'e 4.5 illustrates a duplex LD-1/T1" °
A . 1%ne cdimeéted between master and;sléve te\p—"’ .
f . - ) . . Py \ . ‘w
minals.. Each terminal ‘consists of a DE-2/Dl

type channel bank and a T.5.A. which has. two

“'gla}.i.n secti‘qns: 'b‘ansmit and-‘ fecéivé'. At the. -

9'\~ '.P S . master ter.menall, "t’lfle .masf‘er clock ik conp:ctd

- e . .ed 't'o the ﬂD-i}“ype-chap_ne‘l bgpk, to ex‘lsure fre-

S “qu‘e"rlo;‘r' stab‘:illlit,y. S - A .\tﬁ%ﬁ' . \.
. rg .

T . * I's . N X : ' ' -
PN .-o‘* Q © ro s 1 toen ‘.a .‘"
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Y 4.3.2

The transmit section of the T.S,A.fékgk ‘

h tracts timing from the channel bank P.C.M.

. traln ptﬁses and preempts 1- 24 tlme slots in -
whlch it subst::tutes 1-8 data channels at 56
‘Kb/sﬁ The 56 Kb/s daﬁa arrives from th'e - /
-X.D.M. “or 303 w1deband data@dem. The 1. 544

Mb/ s, generated by the output of the tr‘ansmlt

sectlon, is connected to the LD-1 or T1

*

" P C. M "repeatered line for transmiss1on to '

the slave (tenmlnal which can be as far as 200

I
1

miles.

The recejving, section .of the T.S.A. has
a complementary function of \that ‘of “transmit
section. Here both .the data‘ channele and the
voice frequency P.C.‘M. time slots are separ-

ated for transmission to the X.D.M. ,’2;(_)3 or

o
M .

channel bank. C

The bypass switch illustrated in the

‘block diagram has the functloh to connect the

3

channel bank directly to the repeatered line

~
~

in the case of a T.S.A. failure.
- - N Iy
~ — o { )

. P 'y
A Detailed Description of T.S.A. . . .

Figure 4.6 illustfates a detailed T.S.A.
’\
including transmit, receive section& and the

common units associated with T.S.A. - The

]

-
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the diagram, whille the recelve

L

PN
. the lower portlon ‘\Qve/bypass sw1tch1ng pro- .

tectlén is prov1ded oh bath transmlt and- re-

bl
ceive d&rectlono.\ o
“ - . . . . ) L4 . .
’ *

The inbu% part of |the transmit sectibn
is equipped with a high-impedance plckofkhxo
avqid*mlsmatchlng the P.C.M. bank When the
bypass 'protection switching is operated. .The

output of the high-impedance pickoff is con-

nected to an‘ enuator and equaliier'pad"*

that provides a maximum distande of 750 ft. .

to the D—type channel bank 'Frem the eq.

\
verter' which makes part ofﬁt

K pad, the signal is fed' to ariE-Z recglve con-

e'T.§.A. unit.

The receive converter extracts the 1.544 MHz

* clock,and regenerates the-P.C.M. pulse -

stream. Together with .the DE-2 recelve logic

(another DE-2 card that makes part’ of the

‘,Tﬁs A. unit), they extract framing infor-

s

mation from the 1ncom1ng P.C.M. pulses. The

'“,_receive converter and the receive logic L0

stages supply P.C.M. and clock signals to the -

transmit access s#bge. At %hia point in the
T.S.A., the data information is Stuffed‘intb

[+]

the P.C.M. time slots\grevioualxbempiied.w\ N

- .
( ’ *

AN

:,—*"": .




3 o o pickoff and is fed direct to the DE-Z receive

B .
. . . . «
. f N . . ) .
. ..
-

- e
~ - Y [
- .
“ . N .
f - , -
o . A .
. .
> .

- . ’ : o . - ‘- ) . ) A ) ’ . i 3 ° § - {
t ‘ . The combinefl information is fed into a bipo-
. - .- lar conyverter, part of the transmit access

A Y N . . . +

stag‘e which conyerts the’complex signal into

S A 4 L, a Tl/LD-l llne format "This signal' is- now -1

ey

" .';?. .\/ a ) ' ' attenualted and equallzed by. aii)roprg.ate pads
’ ° " ¢ for distances .up to 750 ft. to the T1/LD-1
o el "offlce reperjter. It is 1mportant to note ‘ .
) ", that the overall dLstahdé from DE-2/D1 to . -,
/uI , ' .o | LD-1/T1 \fia' T..S.‘A.p unit is not to exceed 759
- ft“‘v\ From the attenuator and equallzer, the -

. : . o complex signal passes through 'the bypass pr'o-
' . . ,,‘\' tectlon switch to, the LD-1 or Tl office re—
o | ~ ‘ peate‘r for the tra’nsmissi.on 1:,0 the far end. .

. The bypass s’witchu couid be either closed or

\." ¥y 77T e,

' open. \When closed; the signal from 'the—D-
- _‘/’ *  ftype channel bank ‘will bypass the T.S.A. unit o
- ‘and go direct to -the P.C.M. office fepea%:er
. . R . " -withoyt alteration. A manual looping feature

. : " E (r.to' 1oop’1':'he"tran31’nissidn output stage"' into

ST . the input of the receive seotidn is provided.
s 7 ‘. ¢ - v R , . . . ) .-
eive section is almost the mirrqr . -~

ima the transmit one with a few changes.

he complex s:.gnal from the LD-l/Tl office
\_. repeater passes through the hlgh-impedance

- o, converter without any attenuator and equaliz-"

\ . er p%i in between. \ The.pad ie ncsto required S

- . ' .
~ s 'y . 4 4+
. - ~ . » ~

¢ te -

.
. 3
\ L
. . . !
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.mission at 2.4, 4.8 or 9.6'Kp/s. ‘ ;;//J

. Vanier).is converted into a conditioned diphase sig-

generated en-route.by thé’ L,R.R. and transmitted to

. _056 - N '., o 'e{"

. a

y Y P
here 51nce the, signal. comes/f;;§>a Tl/LD-

" office regenerator located nto the office
within 750 ft from D-type channel bank. 1In-

1]

" stedd of a transmlt access stage this path is
eq&ippedlwithva receive access unit. At this ,Qé.‘
stage,&the data grd P.C.M. 1nformat10n f;Lm
“the far end are separated ‘with data gélng té
the ‘T.S.A. 56 Kb/s output.sectlon'and(P.C;M.

toward the D=<type channel bank. h L !

Experimental Data Network -

, ¢
Flgure 4,7 111ustrates a block dlagram of the.

flrst three-p01nt digital data network + All data or

modeb units used in this experlmental data network ’

3 ’ . o .
are shownr—by means—of black box approach:—Thisdata——]

network provides full duplex synchronous data trans-

Da¥a originated at the subscriber's premises,

(let's say, eight-miles outside. central office at

. t
nal by the S.T.E. for digital transmissio €0 Vanier.\_

C.0. .Since the 1oop loss between S.T.E. and 0.L.R. N
is greater than 3b dB, the digital signal is, re-
‘

the C.0. where it is received; regenerated and con-

verted into .its original format by the 0.L.R. The
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* data s1gna1 from the Q.L.R.

" fed to T. S A. where it is combined with P. C M.

. - A \

is fed to'x D.M. for
t1me—d1v1smon mult1plex1ng of up to’ twenty 2.4 Kb/s
channels, ten 4.8 Kb/s channels, five 9.6 Kb/s chah-

The X.D.M. 's output is 56 Kb/s whlch becomes now the

‘ba51c system data rate for 1ntermed1ary or long dls—\

:tance data transmission. From X.D:M. the 'signal is

sig—

nals from a D1 bank for transm1531on over T1 1.54k .

' Mb/s line to Ottawa C.O. where the 51gna1 is re-

ceived again by a Tl terminal and down converted to
56 Kb/s by a'T.S4h. hnit.‘ It is this part of %he
network that oné can say is all-digital since no
data modems,are involved. The digital information
originated by C.P.E. remains in digital fématlall
the way to Ottawa C.0. where eventually it is con=
verted to an analog siéhal forllehg haul transmis-

sion to Toronto and Calgary. R

-

-

In Ottawa C.O., after the 31gna1 is converted

LY

. 'nels or any COmblnatlon for a total input of 48 Kb/s. .*

to 56° Kb/s by the T.S.A. unit, the signal i then .

. fed to 303 modem which conditions the basic system |

data rate (56 Kb/s) for optimum transmissioh over
radio facilities. In Chapter II the 303 data set
was described as Treceiving 50 Kb/s. Now;thereame '

303 Qata’set is modified in order to accept 56 kv/s.

From the 303 data modem, the signal in a scrambled . .




- N - B . .t 1
- v . ' -
.

! " I ‘ U ’ o
> ' - o - . 4 . }'

] ' 8.9 PRt 4 !
- . .

"o . . - r - _0" ":_

1 8 ' '.‘

format and baseband l;mlted w1th1n circa, 10'0 Hz to.

E 37 KHZ,_lé/fed to L.W. M -6 which is dew to

| place the 37 KHz bandwidth. 1nto & ba31 groupbahd ~

. ’ 60 to 108 KHz for transmss:.on over microwave net- - .

. Work -from Ottawa to, ';[‘oronto. ‘ - . o T

v « T ;
Y s . : . r
-

- ‘In Toronto, “the arrangement is a combination
’ L]

\ v ‘ of customer informationuterm:’i_nating here, or ‘cqnt,iﬁa—,
ing_via"l‘oroﬁto alli.’the jn_a'y to C'-algary.. '“Up to )a'nd ' o
including the 303 unit; -everything is the mirror *

) image of Ottawa C.O.. facing ,froronto." From 303 L‘mi't‘,
'.thefsig'nal_ enters gne- XD.M unit ‘for demultipj:eicing. & 1
If the sighal is to .terminate in Toronto, then it is. ‘
fed to an 0.L. R. and the/process in the reverse or-

..der repeated as in Vanler area. In the case that
the signal is to contJ.nue to Calgary, then the sig-
“nal from one X.D. M. is fed to the X.D.M. unit facing¢

K ' Calgar'y and into 303, L.W.M.—6 ‘and microwave gystem

towards Winnlpeg Because of the great distariee be-

~

3‘ ‘ v
s , . tween Toronto &nd Calgary, the analog radio facili- . \

B e

, ‘o . ties become too noisy and the error rate for data
Co ~. :
| informatlon J.ncreases o‘tQ about 10~ “2, That is why a ‘

. » ‘

regenerative repeater site is. required SOmewhere eh—
B - / _ route, Wipnipeg be:mg about the half-point is the o

mosat desired- place.
‘ [ / N .’
. _ A ’ As thecblock diagram illustrates, 303 :

-\ )

s back to back and two L W. M.-6 units, each facing one.

. . .
‘e : . - ,
. . - v - -
.
-”*
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PR , , -
- side* of the Winnipeg C.0. are required to reinfcrce

I _ =90 ~ ' .
. , .

t

)

the ssignal for transmissmn to Calgary cC. O. v
: . e
I“I" , ,

s in Calgary, the system is notknng more than

.y Vet \ N t. : .

H

|

. 1

" 'half of the Toronto office. S . A -
B |
‘

If we wish £ follow a signal that Srigirates
in .Calgary,. then it is nothing more than the mirror

image of the s:Lgnal term:mating here. ° This way,

" data .cu'c'uits’ Calgary to Ottawa or ‘l‘oronto} were /l

) has shown that a data chafmel o{ 56 Kb/s can be L

:56 Kb/s. ‘By introducing three new types of date sets -

s

!

established by mak,in‘g use of all-digital,fac'ilities.

L4
-

The system discussed in ‘Chspt"er ‘IT could
carry. wideband da:ta of: 50 Kb/ s and-required ¥ V.F. !
chsnnels on D1 P. C M. bank. .onf the other hand, the

experimental date network described in this chapter

transmitted over the time slot of only%ev{‘;l". T
channel of the same, bank” The modems: 303 and LWM-6 -

which were previously used (discuss‘ed in Ch.. 'iI)‘, ’ .

“‘have been modified to ‘accept the higher 'bit rate of -

namely, S.T.E., L.R. R. and O. L R., a complete data

network between subscri‘qer s premises and the tele-,

'phone office was established In eddition, the T.8. A.

was developed and new modulation schere (C.D.S. ). was

proven to be'reliable for data transmission.
~ N ' A
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T e .was in existance between Ottawa, T'oronto and Calgary
' ' for dver a year and provided sufflcient technical e
c 1nformatio‘n ‘that- became ‘thé key’ factor in establ'ish-
. - ing a' coast—to-coast data netWork to be descri‘:&d :Ln
¢ A Chapter V. / L -
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- CHAPTERV.;n.‘ /
o COAST—TQ—COAST DATA NETWORK " .

/. [y -"

» y . ’

. ,. -

.The experimental digital data detwork thai ltnkad
the cities of Ottawe. Toronto and Calnary, and described in
L . _Chapter v, has prdﬂhced sufricient 1nformation to proceed
f;f'with the Trans-Canqda data natwork.; Tha impltmontatlon of .
- o this proaect is thq rirst iR Cknada an woll an the riraﬁ in,

- the world. Since its completistjgﬁ?rng the summar of 1975.

_further davelopmenta havo/baan narried thruugh for higﬂ%r

N digital datu multiplexeru that will hava an ouﬂpub as high -
‘as 1.544 Mb/s and 811 deta, 'nm wux be . tx"ob\qndwu m--’
- croue from tm prucnt 56 Kb/n rocomlxcd u tm basie

' .
. 1
v

disitj&al data- chamwl.

.
' 5\' . 1

/( ‘ ' : ‘\ In cmmr IV. tho npnnu was .on nmhrhnubc )
| lsaub\amd dau uml. The nout-to-ouht data network wn:.
N duimd to cerry both amhmuud and uyﬂ’a\miud mu
’ _:Ollnnll. With this, the input bit.rntc Anegythn dltl sy~

tu has wtamd fm 110 bits per u‘oand to 1200 bpn fur

hﬂcwmul mbwriborJ end from 2.4 Kb/s to. ‘5& l!b/i tor
ﬁ,lymhromm nubocrtbtn. 'l‘hu cosst-tonc0a8t: mMrk pma-

-

. vides ‘point-to-point, pmnu 1ine tata’ nmxntsm r.m

“‘m nb.“.a - n , ’ . . v : . ‘. .
, Lo & o . . . : ;
’ i : . ‘. . N N
. : T e sverall ceantetovevast natwerk Le more
L __demplicsted than dny of 1te Rind defore.. It malies
4 ’?)‘ ‘ . ‘ ' . . ) a ) h

PN . & T




¢ L -9 - d ' ..

hftcﬁ - efluselof all available data and m&dem e:uipment on the
.~f:‘ ! " marke;(plus the addltlon of ‘new equlpment called
5.,“ "tran" The long—haul transm1551on part is not '
'?:'g ‘ changed in respect to what was descrlbed 1n Chépter
%ﬁ?,:: . :: ( "IV. As a matxer of fact this part of the system is
' — - . . - -

kept §he same w1th “the onlyjﬁcdlflcatlon belng that

-t . more citles are added to th network. * The blg.

‘ change is in the ﬁermidal equipment at the.é 0. and
. 4 é_
<~ . . . in the customer loop equlpment as now we employ

analog data sets and wideband data equlpment to ‘

Dy . cover all poss1ble bit rates. ; Vo '
[ / N ) ) - ‘ * f ' ' . . SIS

~
Flgure 5.1 111¥strate§ the initial cpast—to-

o ) ' coast data netwbrk brldglng the major* canadlzn .

. _: T citles such as Vancouver, Calgary, Reglna, Winnlpeg{
Toronto, Ottawa, Montréhl Quebec, St—John N.B.,

NV ‘ " Moncton and Halifax. If we take a good Yook at Fig.

e Y

P

5.1 andeFfig. 4.7 of Chapter IV, we find nothing
changed in the network between 303 to 303 data set?.
The network remains the same 1n one arm at Wlnnipeg

s . . where regeneratlon is required. At Quebec City, thls

,,//’regeneratlon is repeated since it is requlred In

Fig. - 5.1 the X. D M. equipment, illustrated 1n Fig. -.
4.7, is_replaced with new equipment called "multi-,
. tran" which has the capability of time-mulItiplexing *
D, ‘

synchronous data from severa1~O:L,R.'s and from  °

another "tran".equipmeht called "cheractErplexep“.,

o



~a

0 L . - 9[} -
- ° \
. . , .
- B .

The characterplexer tlme-multlplexes all as’ynchro— )
,nous b1t rates from 110 onward into one bit rate of
1200 blts synchronous. Because oT the s‘lze of this ‘j\
network it is rather. 1mpos%ble to illustrate each
customer loop with the appro fiate synchronous or
asynchronous equlpmnt Figure 5. 1 111ustrates the -
data equipment 1ocated at the C. 0. of each telephone‘
company across the counj;ry. ‘ '_The netwo_rk beyond the
C.0. was descrlbed both in Chapter: II for asynchro-
nous systems and in Chapter IV for synchronous ones.
Although in Chapter IV the development amd uses of
the T.S.A..and T1 P.C.M. llne wag stressed, we flnd
out ‘tha Figure 5.1.does not employ any of these

< facilitjes, The simple reason is that in the -ini-
tial phase ‘of the coast-to—coast network the need

did not arlse, but these facilities have become part

of data network as described in Chapter IV. -

’

Let us now follow the point-to-point data

cpmmunication ¥rom coast-to-/ooas :

In Vancouver, Fig. 5.1.a the )asynchronised
‘o ' !

,subscrlber's will enter the network on the two char-

acterplexers, one assigned ‘for Calgary and one for
: * )

Toronto.” #This means that subscribers assigned to

.+ one, location wi:ll‘ terminate at that location and no-

where else. A 'customer may be reassignecz. to another
-city, if so wishes, but this is done by hard wires

w
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on the approprlate crosswconnect points. The syn-

o \, ’ . chronous subscrlbers w111 enter the network on the |
| ' - assigned Q.L.R., oné for Cedgary and one for Toronto.”
Tpe characterplexere and 0.L.R.(s) do terminate on
. | - 'ﬁhe mulfitran for further multiplexing. The gulti-
tran output is 56 Kb/s synchronous that establishes
the basic data channel for long—haul transm1531on.
'From here, the data is fed in the 303 and the rest ?
of the facilities already described in chapters I;I
. agd IV. The Vencouver site may be called a terpinel
\ or end office. . .

o RN
- >~ \

» , ‘ ‘ i ‘ / .’
@ -In Calgary, Fig. 5.1.-a, part of the deta in- .

- - formation.is demodulated all the way to the %ub—
scriber bit rate and the other part is regenerated
fbrlfurther transmlssion to the next site. Together
with the regenerated signal, more local (other sub-
scribers) data information is picked up end multl-

- ' e piexéd,by the same means” and transmifted‘toward
Winnipeg. The Calgary site can be called both §

intermedigzb and “terminal office.

In Winnipeg, Fig. 5.1-b), the entire signal
from Celgary is regenerated and seht to Toronto ‘
- since there is no néed to drop subscribers from .

.r , " ,Vancouver or Calghry. In addltion to one data chanv

nel from Calgary, one more channel is belng built up

from Winnipeg itself and Regina, such that two data
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' Montreal becomes a nodal point as well, since an a

- 98 - AN

¥ T

*

channels are being carrled between'W1nn1peg and

Toronto. Unlike Calgary, the., Wlnnlpeg 81te can be

called intermedlary, termlnal and fegenerative site.

»
¢ !

P } . ]
In Toronto, Fig. 5.1-c, the two data channels

from Winnipeg are'ogth“%erminafed and regenerated

for further transmission foward east. Here, the

complete channel tQathoriéinated in Winﬁipeg termi-
o

naﬁés. The other channel that'origina%ed in

)

Vancouver, drops some of its sstcribers here via

0.L.R. or characterplexérs; bridges from multitran—

fo-multitran those subscribers from west-to-east and

A

picks up more subsékibers originating in_Joronto fof.

transmission towaré east In addition to its com-
plex block diagram, the Toronto site houses the
nation s masters clock for synchronlsatlon from °
coast-to-coast.” Because of thi's function, the
Toronto site in‘sddit;bndfo;being‘a termiﬁai and .in-
termediary point, is called. the main dataroute:of--
fice. | Co - ' : |
' | e e lx.

In Montreal Fig. 5 1-d, 1ike in Toronto, the.

system is.very complex. Here three multitrans are -
connected pack-to-pack, whiie in Figures 5.1-a'to
t

5.1=c, maximum of two are comnecte ogether.

_ to Ottawa is established similar to the one betwe¢n

Winpiﬁeg_qnd;Regine, but this time the network

o

'
[N 3
.

%
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employs boéh sygchronouesano asyncnronong bit rates -
."tha't make the system ‘more complicated. The three }.
.bdck-to-back multitrens_ere‘required in order to .‘éw
drop customers from Toronto, bridge @ustomers from
west-to-east and drop cusfomers from Ottawa. In
‘addition to the three back to—back multitrans, the
—, fourth one is added in order\ to esj%blish the’ second

- . data channel between Montreal and Quebec City.

In Ottawa, igf‘5 1-d, the. system is similar
to the .one’ 1n Vancouver wlth the exceptlon that the
system is bridged to ongoing network and if removed,

it ‘will not affect the coast~to-coest‘operation."

>

® -

”T# In Qugbec Clty, Flg 5.1-e, two channels are

LA _._-Jrhe chahnel that originated in Montreal terminates. . e
t

entering from Montreal and one from St. JoHn N.B.

here, whlle the other one is regeneratgd for' trans-

. the Winnipeg site but less complex. f
’ L

v -

' ///ff/\ mission to St. John N.B. This site is similar to’ ’
)

g “In Stf'John, N.B., Fig. 5.1-e, one channel

ffom Quebec dity and one from Moncton, enner the v

c.0. iItisa straightﬁorwérd application of Calgary

site, Fig. 5.1-a. Like Calgary, this%ite is both
\ intermedihry and terminal point.

Ed

In Mbncton, Fig. 5.1-f, one channel from St. -
: D , ,
John and one from Halifax enter the C.0. with yery .
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.few subscriber drops. \rhis ‘site is nothing more
than the replica of St. 'John and it too may be |
called both. intermedia'ry'and terminal point.

t -

N . . . .

In Halifax, Fig. 5.1-f, one data channel rrou

\

' Monecton enters’the C.0. and terminates here, The

*~block giigram illustrates subscribers drd4 fros
Moﬁctoﬁ?}%ﬂtreé and Toronto only, but circuits as
far as Vancouver can ‘be"carried if required. Like

" Vancouver, this is-a terminal or end office.

AN : '
Since the data network is bidirgsctional, the

deacﬁ;ption‘, of Fig. 5.1 could. have sta ed, from
( Helifax toward Vancouver without lose of information.

4

The overall tcmimt}n; mmnu say be
~ grouped in four classes as illustrated by Fig. %.2.

Other waya of grouping the tomimtingvioopl
poasible, but for the purpose of this report we
Sha_ll discuss the ones in Fig. 5.2.

¢

In Cha(gter 1v, the arunm of H‘. 5 2=
(a) was discussed 1n tail. It serves humu

machines that produce Bit rates from 2.4 Kb/s to .
* 9.6 Kb/s. The tranamisaion line 1is lynchronoun and
gy, full duplex, one pair of cable, for transait and one.

pair for receive. w:LEh the addition of L.R.R. in

i
L] ‘ )
t

a
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N IS Chapter T, the artangement of Flg 5.2=

DR

i {d): was discussed 1A deta~i1 It'was the first data

high bit rate developed 1n late sixties with a. bas:Lc
N

‘bit rate of 50 Kb/s i,‘}:gr one 'data channel. dHis are
rangement is emp,loyed when the customer;s business
machine produces bit rates as high as 50 to 56 Kb/s.
l‘ ' ‘As illustrated by Fig. 5.2-(4), 'tl':is is a wideband \

. loop arrangement analog in nature and employs two

® Y -~

“!able paa.rs for transm1851on. The makimum, ra.nge of
‘this arrangement,,lncludlng the lq'tgp-repeater, is

about 20 mllm Beyond this dlstance, a N2 or T1. oo
. - ‘
. carrier system must be added.

-

-

. R A1l above described arrangements are belng!

)

| SR employed by tyre coast-to-coast data network, but
\'\ other arrangements are possible. . o = - N

- : - . - Y

> R . ’ . ’

o, 5.3 Network &lvnchroniiation VU | -‘ RS

" s - § ' 4

¥ Lo : It is rather important to have such a,wide '

.. ’ N .

}.g; ) B ) L network runn:mg on the same clock in order to. keep

5 o ‘ all sites in synchronism. As described in sectlon £

o ~°

5. 1, th'ere is a master clock at Toronto from which

— ’ ' .y

. all required frequencies at nodal points are deriv?i ~

? - The master clock is a pré‘cmlon clock that uses ru-
o N -y

' 4 . bidiunm standard for. stability. It is what many

y oo people call an atomic clock. - At intermediary '

N “
(nodal) and end sites, less preciSJ.on clocks are’ . . R,

‘l, . . ,)‘ '
. 4
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'vprov1ded From these clocks, the loop 01rcu1ts ex~.

: tract the requlred clock information.l These clocks

are known as slave clocks since they exkrect the re-

quired informatioﬁ'from the master clock.

" In the e%gnt'that the master clockﬁfails; the
network operates on its nodal clocks which will

- e .
function as long as needed. Upon restoratLon of the

master clock .the reestabllshmentwof ‘the network .
¢ . LA
synchronlzatlon will follow suit™

[
v

Synchronous or Asynchronous Transmission. ’

\i; Both synchronous -and asynchronous modes of

transmission were used throughout this report, but no

" explanation for t similarities ‘'or ‘differences be-

tween fhgﬁtwo were/provided. This gection is re-

served for these purposes. . T

. L I
Synchronous transmission is that type of data

transmission that employs the use of clocking devices

which lo¢k the tremsmitted signal to a fixed trans-

. mission rate. With or without a message signal to
' 4

be transmitted, a synchronous'trensmission 1ine
élways carries at least the clocking signal. In a
synchronous transmifsion, no extra blts are required
to transmit a character than the established ones.

It is to say that it has a maximum efflciency._ For

example, if an eight-bit codeé 1is used to transmit




7. S ' ~109 -  °

' each character of ‘a message, then iight bits for

o . . . ‘ . R
\ e each character will be-transmitted and no more.
- . . 3 .

High-speed data Qith rates ﬂrom.2.4 Kb/s onward make

<

use of synchronous modes of transmission.

£ N F3 o
t

Asynchronous transmission’ onv the other hand, ‘ v
does not make use of clockihg devices bat eﬁpioig
"start" and "stop" bits to frame each character

~being transmitted. Thié implies thét more Bité must
be transmitted thép required for each character,
This will‘reduce the efficienc& of traﬁsmission on
one hand, but the most costly equipment like clocks
'will be eliminated. If, for example, an eight-bit
_ code is also used to transmi? each character, then
ot : wé must transmit 10 or li bits for each character 4
' (one~st@rt, ong stop and ma&“ﬁe one‘ééuée).f ?his' .
', will: make the asynchronous transmission‘ZS%.to 35%
1eé§ efficient thén ynch{?nous one for the same bit

- ' rate. The asynchronous transmission is used for'

data bit rates 110 bits/s up and including 1800 b/s.
\ , ' .

Figure 5.3 illustrates the similarities and

v

differences between the two.

-

’5.5///.Summarz.w - E ; '
- s - . .'f,- '., .

( . By making use of the information collected

from the experimental data network as well as the o

. | ‘lhtest data equipment available on the market, it -

. . 1'% o
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‘coast network This equlpment is replaced by a more

~ versatile one called‘multitran which can receive
-.In'addition,.two'new data- sets, characterplexer and

.converter thaﬁkinterfaces with the business machine :

-.a characterplexer recelves the 51gna1 multiplexes c
it with other ones for an output of 1.2 Kb/s syn-

B chronous signal. Although the terminal arrangements

-have attracted a tremendous number of subscribers to

. That is to say, a subscriber is limited to oniy one

was nossible to build.feor qpe-first time in Canada
and in_ the® world, a data system that covers about
4000 miles. The X.D.M. equlpment developed for the )

experlmental network is not used for the coast-to-

synchronous data rates from 1.2 Kb/s to 9.6 Kb/s.

directran are introduced. The directtran is a D/D

\

of low bit rdtes and transmits an esinchronous sig-

nal for short distances to a telephone office. where

for the coast-to-coast network employs a‘variety'of'
data equipment and two modes of transmlssion, syn—
chronous and asynchronous, the error objectives of
6 for 4000 mlles are<met. This fact combined
with .a low cost, (about 1/10th the previous rates),
. .
use these facilities. 1In spite of all the advantages ’

of the coast-to—coast network there is one major

drawback; the communioation,is on a one-to-qne basis.

address. The ‘next step will be to have the flexi- 3

bility of the communication being on a one-~to-many .

S
-




basis. This ob.jective is under study' and it is

,‘anticipated tyt within one cr two years,{ such faci-

lities will be available.
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CHAPTER”VI L
;‘ FACTORS AFFECTING SYSTEMS ﬁERFORMANQEf ° .-
The;pregiousﬂchapters have described ﬁow certain
‘systems are being put togethép without taking into consid-
eration the fac S that AO affect the‘systemulayout and .
sysfem performance.of any pfeposed facilities. In orﬁer fe
design the best network facilities, one must first of all
have knowiedée offall”fad%qrs‘that will affect the s&stem.
performance. This chapter -is intended to diecuss some of
the overall factors_and::as in” the ﬁreceding chapte;s, a
general dee?riptibn will be provi@ed only. - ' ,
. o ' 5 |
6.1  Signal to Noise Consideration | ‘
. .‘! .

Noise is the external or internal agent that

affects most the performance of a communication net—
'work. ' In designing any network, the objective is to .
. keep the noise to a minimum.

M +
® . ! - o

A two level signal can be thought of as the
presence or absence of a pulse., If an undlstorted
pulse-present signal . 1s represented by "ONE" and
amplitude + 1 volt and pulse—absent signal is rep-
resented by."gggg" and amp}lﬁude + 0.5 volt, then

/N whén random (gaussian) noise is added to this eignal.
m‘ an erfof will result whenever -0.5 volt more of'noise
’is added to the "ONE", signal and + 0.5 volt or more , o]
added to the "ZERO™ signal. . ‘




S , TR SR , /
. * Y S o . S -

“ ' In data transmission, it is convenient to |
rate the sigJ/; impairﬁent in terms of S/N degrada-:
tion equal t6: 20 log (reduction in relatlve re-
sistance to noise). Whereas in analog t?ansmission T
‘a reductio?/éf/the»régzgt;;c;‘to noise results in
‘reduced intellegibility, a greater pr9bébility of |
eé}or, Pe, can be expected in digltal transm1851on ‘ ' y

;
Treduced re51stance to noise. .o

as the result of a

A ¢

) - Flgure 6 1 1llustrates the 31gna1—to-n01se ratio ’ -}\
~ versus prvbablllty of error rate, ,Pe, expressed as .

. peak signal to RMS noise and assuming an ideal Sig-.

’ . nal.  The quality of data transmdgsion is considered

; acceptable if the probablllty of error rate is 107 6

i

or less. This objective of a maximum of one bit
error in eyery,million bits, corresponds to a very N
high relative resistance to noise.: To achieve this

S ' high'resistance to noise ratio, it has been empiri-

<. v

. cally determined that:

«

1

a) The tolerable 31gna1—to—noise ratio at ¢h4;

\:
~

» L input of any data receiver should not measure \

less tharr 22 dB for a distorted binary signag.
\ . >

b) = The impulse count .should not be higher than ',

. - o 225 counts per half hour for aicomplete system.
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- { /

Envelope Delay Distortion =~ ' : .

i

The human ear is relatively insensitive to

minor distortions, sd that the(‘tgl'ephone message -

. . L]

¢
plant, designed for speech transmission, has not re- .
: 3

quiréd extremely low distortions. On the other
: r . Y . ’
hand, for data transmission this is very important.

GIn Chapter iI‘I, two figures, are given illustrating

the 'unequwaiiaz'ed and equalized group frequencies. . t -
For data transmission over analog fadilities, en-
velope delay equalization is required at group con-

nector points of long-haul carrier. facilities be-, .

cause of the inhepent parabolic delay distortion
N rd L 5 '

characteristic of the conpecting'grbup filter. The

obj;ctive for the degree to which this envelope. de- ot
' b3 N

lay. distortion should We equalized,: calls fof the

3

following maximum allowable deviations/ on:a data

-over analog facilities: AN
deviation from flat gain + 0.9 dB
deviation from linear phase + O.1 rad. o. "
- > -

deviation from uniform delay + 30 usec,

’ Accorfding to the '"paired echo theory" which relates .

. distortion in frequéncy domain to S/N impairment in

the 'time domain, the above deviations from flat gaip ‘
on linear phase ar'e'equival'ent to a S/N 'impaj.rment

of 1.5 dB. , . . B \

Y Q ’ ) N i
’y ' ':s
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Jitter . ' / .

-

[

Jitter iSJthez)Zferm used to describe the
sllght and erratic displacement of da,ta transmis-
sions’ from wﬂere tpey“are supposed to be if the in-
pgt data signal is to belaccurately reproduced.
Lika error rate, Jjitter is the biproduct oi[fi‘gitall

transmisbion. In present data systems, jitter can

come: from many sources $uch as: ,

! 4 N
a) A~source of jitter common “to all data systeis,

. \ - .
is the uncertainty in the transitiog decision '’
taking place in data sets or 1line réganerati\re

repeaters. This unc.ertaintjr is a function'of\

a the -desigh of the circuit making the decision

and the noise on the system. '

b) In analog wideband data systems egrhplg'yir:g data |
-modens for. coherent detection, the wideband ‘
carrier frequency pilot is separated from the ~
. réceived data signal by neans of a highly se-
lective pick-off filter which 1ntroduces phase
#  errors d\lekﬁto its inherent characteristic. |
Such phaié erroré‘ar‘e more or less correc?bed
by automat;c (p.hasqa control circuit, part ?f
the hardware.. The phase correction performed
by v't;l}ils,.circui:t results usually in a sort of
; phase. Jitter. It is desirable To maintain the

1

maximum pick phase error resulting from phase




- - 118 -

“jitter below 5 degrees so that the transmis-
sion impairment‘from this source be insignifi- |

i b ¢
X cant, o - : : .

c) In digitéi data Systéms, timing erfor intro-
duced dﬁring the prqcéss of coding and e.nco-

: ding data transitions and the timing distor-—
“tion which,is a natural function of roll-off

-networks; ‘result in a sort of timing jitter.
i : _' o . .
d) The combined effect of amplitude and delay"f .

K Y 'distortion on the digitgl network, shows up as '
' .jit't;er and can be described in terms of pea;k
distortion., This is also known as eye ,jii.:telr.
I A It is a qualitative measurement that tells
abou't\ the quallty performance of the system
. (bigger the-eye,: less’ Jitted present)

Whatever the nature of tﬁé\;fitter'. migbt bg, accordipg
to estaﬁlished, standards + 1.3 usec. of jitter is.,
accepted as méximum for a..term'inal—to-term-inal “link.
A coast-to—-coast data network can consist of several
'tandem llnks prov;Lded that the total peak Jltter ~. .
(; 1.3 usec. x number of linKs 'i§n tandem) does not H

-

exceed 25% of the minimum bit length. -

.
]
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- e o CHAPTER VIT' c ,
B B " . 'CONCLUSION
* % Throughout the preceding chapters the overall devel-

opment of digltal data traﬁsmiSSion has been covered and’ a .
\.rv S ™ - /
R . coast-to—coast data network was’ described. - )

. -
) . - . . . . 3

.'Q{ In ‘the past the develog nt of digital data® faéilities‘

‘o yas very slow, and not untll recent years (due,to the ex—
p1051ve.expans10n of private bu51n S, govebnmental and

a2 %

military organizations), were the communication engrneers

e forced tg look for better ways of transmitting high speed-
. . . ) | | '
‘ N ;J; ’.data messages. . - g e

B ’
-
\ Bl
. »

« 4

The analog fac111t1es emgloyed to transmit data me's-

2

- rate-digital data. These raoilitieS'exhibit high envelope

-

. - . sages"became very difﬁicult to handl when—carrying high

- "delay and attenuat}on distortion which is a@ceptable for

‘”telephone conversations 51nce the human ear can not detect

such defects. However, if data)is transmitted over these
“facili{ies without‘previous conditioning,othenﬁthe envelope .

delay'presehﬁ causes phase jitter which resylts in intoler-
. 1 able high error rate. . In order to successiully use the . -
*’1 analog facilities for data transmiss1on, speoial delay and K
N loss equalizers must be added ‘at group coéneotor points to E
K correct the delay and attenuation distortion introduoed »

- Another great disadvantage of analog facilities is the accu—;:.,;r

d

. mulation of noise along the route which deteriorates the - .

Ay
< ‘ & .« . RS
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\

orlginal 1nformation by generating a high error raﬁe when

) transmitting data messages. A furthﬁr drawback of: alog

faCilities is the volume of voice channels that mugt be
sacpificed\for a data channel, .and the need for data modems
in order to condition the binaf?“bg§eband signal for trans-

missiomover analog facilities.

' Qﬁhthe other hand.” since the digital fécilities'are
designed'for binary transmission, fhey need no conditioning
of the baseéband data signal generated by the(pusihess ma-

chane, and no envelope delay or attenuation problems)are

encountered here. The' error rate is superior to the analog )

facilities, since the noise is not additive as the carrier
éigﬁél is regenefatéd at every mile alongvﬁhe route., The
, bandwidth for a data channel is imprved éonsiderabiy (by a
* factor of 12 when compared wi@ﬁ”N? analog facilities).

" These factors make the digital systems more attractive than

. the danalog ones anh it is expected that by the end.of this

!
decade the digital facilities will carry all available' digi-

\,

tal data. L | ~

-]

!

Althéugh thé\digital systems -are superior to the ana-

. . : ' - . [ ”
log ones, certain factors do affect their performance as

. ——well\ The aéent that affects most is the impuih}e ndise

+which has the capability of cancellng or producing one or
ﬁore bits in the train of pulses transmitted over the fac—
ilities._ These cancellations or additions of pulses a%e
errors that become additive thereby restricting a’ system to

AN
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) ' .
\\Lertain distances. Another strong ag;;t that affects the «
i dlgltal systems is the time Jitter which is the sllght and
aj‘. erratlc dlsplacement of’ data transm1551qn from where a
pulse* is supposed to be if the input data signal is to be

\ r
accurately reproduced. b

. . a
Th%s report starts with a gemeral history of digital

¢ . . . .
mmunications and' goes on to describe the first widebagd -
.data serfices that are still in use. In Chapter 3 the most .

A///important carrier systems, both analog and digital, are °

éovered in order to'determine the superiority of digital
Iacilities. The second part of the report deals with the .
experimental digital 'data network which became the backbone
for the design of the coast-to-coast data network called.
"dataroute". The'discussion of the most important inter-
fering agents was left purposely to the very end since they

affect all carrier systems. S , /

4
# The report employs the black—hof approach and‘daes
’JF b e
not go into details of any particular topic™since any one of
these would (have to be treated by itself. . \ .

~

) Digltal data transmission is today a dynamlc and .
'rapidly expanding field stimulated by the increasing need to
1link more and more 'high speed computers and other bus1ness’;
machines across the world. Its present growth of 20 percent

per year is expected to contlnueflnto the late eighties,

This implies a need for doubling the facilities every 4 to .5 A
¢ £
years. It is for this very fact.that further developments , -

*
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are being carrled on contlnuously. -The next step is
"Digits Under V01ée" (D.U.V.), a system that will provide

* the addltlonéh needed capacity to the present coast—to-.

~ coast network for the next decade. The object&ve of this
system is to multiplex 23 data channels, each 64 Kb/s,—lnto
one data channel of 1.544 Mb/s that isf to be transmltted
over LD-1, LD-4 P. C M networks or over analog‘¥£nlo facil-

1t1es in the'unused-portlon of the frequency spectrum,

-

v . -

\) ' CI
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