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ABSTRACT

: Digifal techniques are fast moving into tﬁe heart of telecommuni-
cation systems. A thorough study on the tecﬁnical problems that‘ may
evolve with digital system working in analog environment and design of
different parameters required for digital communication in o;r network
werelperformed in this thesis. 1In this connection firstly, an eXtensive

survey of the telecommunication system of Bangladesh was made.

Secondly, measurement of physical parameters such as traffic-flow
data and cable characteristics of the importaﬁt sections of the telecom-
munication system was taken. With the measured data ana;ytical study of
the quality of digital transmission in analog environment was made,
Efforts have been made to design different parametefs such as repeater
spacing, nﬁmber of repeaters required in each section etc. for a digital

transmission over the telecommunication network of the country.

Finally, a study of the commonly available digital transmission
system in the world market and investigation of the suitability of them

for our present system has been carried out,
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CHAPTER - 1

- GENERAL, - INTRODUCTION.



1.1

1.2

Introduction:

Telecommunication network is an essential infrastructure of a
country. The importance of Telecommunication for socloeconomic dev-
elépment is manifold due to its diversified contfibution in the pro-
cess, On the one hand, this network serves its users for their smoéth
maintenance of daily life and on the other as sne of the vital comp-
onents of national infrastructure, it contributes to a large extent
in the process of producing goods and services by the other Productive
Sectors of the economy. Therefore, the necessity of telecommunication
services for a developing country like Bangladesh needs ho further

elaboraticn.

Past of Telecocmmunication in Bangladeshs

Telecommunication in Bangladesh has a wide past historyi. British
rulers of India created Post, Telegraph and Telephone (PT&T)éervices in
India, Primarilg for administrétive interest, Mérse Telegraph Clrcuits
commected all the Provinces of India with Delhi. District towngand Sub-
divisional towns were alsc covered. FPhysical lines were constructed for
telegraph circuits. During the end period of British rule-magneto and
CB-exchanges were alsc installed in important cities. Calcutta - Assam
and Calcutta — Burma trunk lines passed across Bangladesh with repeater

amplifiers. River crossing at certain places were done by under water

cables.

After creation of Pakistan, telecommunication got importance because
of geographical separation of two wings. So overseas H.F. Radio communi-

cation was established between East and West Pakistan. H. F circuits



with London, Bern, and other important Western aha Eastern capifals
were installed. At the same time VHF Radic Relay lines wefe estab-
lished in 1954-1958 to interconnect the district towns. 12 channel
land line carrlers were also established for connecting many sub -

divisional towns,

Capital city of Dhaka inherited a 300 line CB exchange from
British India and it grew upto 900 lines. In 1947 the whole country
had 1500 line units of manual telephones. In 1954 aﬁ automatic ex-
change of 4000 line unit was installed at Dhaka. It was a Step-by-
step Strawger type electromechanical switch from Siemens of West

Germany.

In colaboration with Siemens a factory for EMD equipment was
established at Tongi, Dhaka in 1968. A Telephone cable industry was
also established at Khulna in the same year. Since then rapid auto-

misatlion of switches took place.-

For improving inland and overseas traﬁsmission'960 channel broad-
band Microwave (MW) Radio Relay transmission network and a Satellite
Earth Station were planned in 1966-68. Dhaka-Chittagong and Dhaka -
Khulna Mﬁ links were constructed in 1970, and came into operation in
1972. Similarly the EaFth Station at Betbunia came inteo operatioﬁ in
1975. Then H.F. circuits were gradually closed down. Dhaka-Sylhet,
Dhaka=-Bogra-Rangpur-Dinajpur and Dhaka-Kushtia-Chuadanga to Calcutta
MW links were established by 1978, By now all the old district towns
and some old Sub-divisional towns were connected by U.H.F.Sparlinks

with the MW back-bone trunk circuits.



1.3 Research Activities on Telecommunication System of Bangladesh:

The presént state of art of the global telecommunication is the
fruit of researches by sclentists and engineers for the last 'fifty
years. In Bangladesh telecommunication 1is entifely a governmen£ en—
terprise., Extensive research works done on this system is, however,
very limited. Rouf’ studied the telegraph traffic of Dhaka~London
route along with the technical losses, hourly booked and effective
calls on Dhaka-Karachi route and subscribers trunk dialling in Dhaka-
Chittagong route, Das3 worked on noise in microwave communication in
Bangladesh. Khan4 studied noise and interference in some sections of the
telecommunication system, AlimS made a statistical analysls of the
overflow traffic in telephone networks. A simulation technique of
telephone traffic flow medel in a computer was developed by Khans.
Haque7 proposed some algebraic coding schemes for transmission of Ben-
gali speech signals. RahmanB worked on alternate routing sfrategy to
enhance call handling capacity of a multiexehangé system, Alam9 stu-
died the effect of nation-wide dialling on the telecommunication net-
work of the country. Power line carrier (P—L—C}ltelephony is usuaily
used by Bangladesh Power Development Boarde An investigation into
thelcauses of Signal to noise ratio reduction in a P-L-C system has
been carried oﬁt by Alamio. Microprocessor controlled exchange 1s an
achievement of modern technology. A study in this line was carried

out by Majumderiio



1le4 Present State of Art of the Project:

Our country has been putting its best possible efforts12 in order

to develop a national telecommunication network and ensure its effici-
ent operations.sinte its very birth. Bangladesh has adopted develop-
mgnt plans, applied relevant technolgies,, organised institutions and
has been undertaking all the relevant efforts with a view to improving
the telecommunication services. Mention may alsé be made that the co-
untry's efforts to that direction is not only confined within developing
the urban telecommunication network, relying on the revenue earnings, but
also extended to rural areas with a view to bringing the vast majority of
the population within the national telecommunication network. rInspite of
the above, telephone density at present in Bangladesh is one of the low=
est in the world, The percentage of rural telephones is approximately

slightly above one tenth of the total strength.

Bangladesh telephone network13 entered into the digital era in ;ate
1983 straight from step-by-step technology with the commissioning of four
digital trunk (transit) autc exchanges at Dhaka, Chittagong, Khulna and
Bogra and one digital international trunk exchange at Dhakae. Venturing
intoc this latest technclogy was made possible through intensive studies
on related fields on bilateral and International Telecommunication Union

(ITU) assistance.

In Bangladesh Digital transmission systems were finding application
in some part of the junction network even in the analogue environment, as
it provided significant economic advantages ,ofer certain distances. Four
PCM systems (4 x 30 chl = 120 channel) between Moghbazar and Narayanganj‘

and Two PCM systems (2 x 30 = 60 chl) between Moghbazar and Mirpur have



already been installed14. These are 2 M bit per Sec. 30 channel PCM

systems,

In Bangladesh, cables required for the subscriber lines and analog
junctions and trunk networks are obtained from the naticnal factory,
namely Bangladesh Cable Shilpa Ltd. High quality cablesof internatiocnal

standard are manufactured here. All these cables are of symmetrical typee.

For iﬁtroducing PCM in large scale in the existing analogue system
a careful study should be made, For this pﬁrpose a strategy for digital-
liz;tion of the existing analogue system should be fﬁrmulated. One re-
deeming feature of the networks in Bangladesh is that it is small and
once the process of digitalisation starts the digital systems in the
network will very soon outnumber the existing systems and the benefits
of integrated digital switching and_transmission may become perceptable
in a shorter time frame. The planning activities i.e. forecast of requ-
irement of circuit blocks, studies on developments in digital transmiss-
ion, routing plan for automisation of trunk traffic, signalling plan,
transmissicn plan and. synchronisation plan, formulatién of technical
specification for the system, should be-followed by the preparation of
a master plan. Obviously digitalisation is possible only in discrete
steps. In this context the various options available to decide on the
strategy to be adopted for given situation become quite relevant. 1In

case of Bangladesh Telecommunication these aspects should be considered

carefully.

Various options available15 are enumerated to emphasize the impact
on the planning efforts,.

(1) All new equipments may be of digital type, the digital sys-

tems appearing in a stand-alone manner at various parts of



1.5

the network directly interworking with existing netwbrk,
A/D conversion being an‘eséential'part.

(ii) Digital poékets in network-may belestablished, Other parts
in the network still growing with éxisting type.

(iii) Overlay appfoach where the digital systems aﬁd exlisting
systems shall work side by side as separate network,access
between each other being provided through tandems which 1i-
mits the A/D conversion as well as signalling interworking
points.

(iv) Total replacement of existing network by a digital net-
work which can have relevance in portions of the network
catering to a small area.

As it is well assumed for efficient, economic and reliable opera-
tion of any communication system, the digitalisation on existing analogue
environment needs a careful and thorough_study. The physical prameters
of the cables especialiy the insulation resistance, loop resistance,
capacitance and attenuation of the existing cables-will be ﬁeasured and
analytical study will be made to recommend a PCM system that can be eco-

nomlcally employed in Bangladesh Telecommunication network.

Cbjective of the Research:

Digital techniques are fast moving into the heart of telecommunica-~
tion systems. In Bangladesh, this has already been started in the nati-

onwide dialling system and in some isolated PCM links. Before going in-

-

to large scale digitalization of the system, a thorough study on the te-

technical problems that may evolve with digital systeﬁ working in analo-

gue environment all around. should be made, With the available resources



in Bangladesh university of Engineering and Technology (BUET) and

Bangladesh T&T Board, measurement and study of .the system characteris-—

tics can be performed successfully.

The objectives of this research are as follows:

(1)

(11)

(ii1)

{iv)

(v)

To make an indepth study of the telecommunication transmi-
ssion systems of Bangladesh in the context of the planned
introduction of digital communication facilities,

To identify the main features of digital systems that may

be served best by the analogue systems available,

. To ldentify the critical factors that will determine the

reliability and successful working of the digital system.

To study the workability of major digital systems in this

analogue environment,

To investigate the problem of compatibility and interfacing
of possible digital systems with the analogue systems

present,

For insighf into the existing analogue telecommunication environment an

extensive survey of the present communication networks of the country has

been performed in chapter-2. The parameters of the existing system such as

traffic overflow, call handling capaclty, problems with multiplexing of

analogue signals etc. and existing cable characteristics were studied in

chapter-3, Chapter-4 presents systematic methods of planning and design

of digital communication network using the existing cables. In chapter-5

a comparative study of the characteristics of commercially available digital

systems was performed. The thesls is concluded with a general discussion in

chapter-6.



CHAPTER-2

AN EXTENSIVE SURVEY OF THE TELECOMMUNICATION

SYSTEM OF BANGLADESH
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Introduction:

Bangladesh is a Subtropical country covering world's largest delta
zone where rivers occupy nearly 10% of the whole territory. The most
part of the territory consists of flat land and during the monsooOn
these flat-land regions submerge. The typlcal climate is featured in
much rains and high humidity. Bangladesh has poor railway, road and
other means of physical communication., During and after rainy season

many places are isolated by flood and telecommunication provides the

only means of quick contact. A survey of the existing system is given below.

Existing Telephone System of Bangladesh:

At present Banglédesh has 1,62,000 automatic and 20,000 manual
telephone installed in its network3 Thus total instal}ed capacity 1s
1,82,000. This gives a density of 1.8 telephone per 1,000 population.
However, rural penetration is very lows. In the upazillas 144 magneto
manual exchanges are installed. But almost all the District towns have
automatic exchanges. In all Bangladesh T&T Board has 80 automatic exch-

anges in its network. Almost all the local auto exchanges work with

' step by step equipments either FI or EMD Siemens type.

For nation-wide dialling (NWD)16 4 gigital electronic trunk excha-
nges have been installed at bhaka, Chittagong, Khulna and Bogfa. So far
25 districts have béen integrated with the nationwide Dialling{NWD)net-
work. The basic configuration of the network was planned to be radial -
superimposed by a meshed network with direct routes working as high usa-

ge group with alternate routing and overflow from direct routes to other
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direct routes and finally to last choice routes. The basic network will
ultimately consist of 4(four) network levels (Fige. 2.1).

= Main exchange area(ME) i.e. national transit switching centre.

District exchange area (DE)

Sub district exchange area {SE)

- Terminal exéhange(TE) or local exchange area

Numbering Flan:

The numbering plan is based on the final construction stage with
sufficient reserve for 50 (fifty) years planning pefiod according to
CCITT recommendations. It has been taken care that the area codes for
local networks with high interest of communication will be as short as

possible,

Access to NWD network is provided by dialling the traffic discrimi-
nating digit '0' whereas that for international Trunk exchange (ITX} is
'00's Trunk codes are normally 3 digit ABC, But for some stations it 1s
of 1 and 2 digits excluding 'O' e.g. area code for Local network ¢Dhaka'
is *2' and that for Chittagonglis '31', Calls to the centralised épecial
services type IX(X) and IY (X) Q for nationwide dialling (NWD) network
are routed to.the sub-district exchanges, main exchange or in excepﬁional

cases to the International Exchange.

150 ... AAT (Auto answer trunk)

For example: Type 1X(X)
151 ... TAX ASC Booking.
152 ... 6 ITX ASC Booking,

Type IY(X)

160 ... STC (System Test Console).
161 ... TAX ASC enquiry.

162 ... 6 ITX ASC enquiry.



Fig.2.1 Telephone network level of Bangladesh
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In case of congestion, failure or non-attendence of a particular
ITX ASC service call will be automatically diverted to any.one of the
free ASC, The same ASC position can be used for booking, enquiry and
for termination of calls. The country code of Bangladesh is 880, The
national number can obtaln maximum 8 digits and minimum 6 digits with-

cut prefix 'Ot,
Installed capacity of trunk automatic exchange (TAX}.

Installed capacities of trunk automatic exchanges are as follows:

Name of TAX. Incoming Trunk. Outgoing Trunk Total Trunk
Dhaka 2064 2007 , 4071
Chittagong 760 720 1480
Khulna 573 546 1119
Bogra 7 587 606 1193
Local Networks:

A Local network17 is the outside plant for junction and subscri-
ber circuits (Fige 2.2). A local network may comprise more than one
exchange (each having its own area and network) and include those sec— .
tions of junctioné, cables etc. which lie within boundaries of local

area. Local network may consist of two : namely,

(a) Subscribers line network that connects the subscriber to 1ts tele-
phone exchange.
(b) Junction network that connects the exchanges in a multi-exchange

ared.
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The local network which originate and terminate all calls whether
local, long distance or international can be‘termed as artery of tele~
communication systemia. In other words, the performance of a local
network is azmeasure of the standard of a telecchmunication system,
According té ITU/CCITT Survey, an average of 40-50% of the total tele-
communication investments on national telephone system has to be spent

for the local networks and the subscriber plants,

The tables below show the local network condition of the Dhaka

multi-exchange area.

(a) Primary cable : (Moghbazar, Mirpur & Gulshan exchange only)
Installed capacity: 32,950 pairs.

Working pairs : 18,541 pairs,
(b) Junction Network :

At présent there exist three junction networks in three
cities in Bangladeshlg. The cities are Dhaka, Chittagong, and
Khulna. The junction network of Dhaka is the largest., Cbviously

. performance grade of the network of Dhaka largely determine the
telecommunication system efficiency of the capital.

Dhaka multi;exchange area consists of eight telephone exch-

anges connected by junction cables., The detail of the junction

cable network of Dhaka multi-exchange area is given in Fig. 2.3.
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2e2+2 National network:

Bangladesh T&T Board opened 1ts 960 channels20 of broad-band
Microwave links in 1972. At first Dhaka-Chittagong and Dhaka-Khulna
MW links were installed. Then Dhaka-Sylhet, Dhaka-Mymensingh and nor;
thern lines were constructed. Dhaka-Khulna link was extended upto |
Barisal and Dhaka=Chittzgong line was extended upto Cox's Bazar. 25
Hops of broad band MW-networks are established from Atwari in the nor-
th of Dinajpur to Teknuf in the south, Sylhet in the north-east, Bari-
sal in the south and Chuadanga in the west.' 25 UHF sparlinks are co-
nnecting rest of the district towns with ghe MW backbone. In Bangla-

desh MW links covered 1200 km distance. The total channel capaclity is

about 15,000.

These 1linksformed the back-bone trunk routes for nationwide tele-~
communications. All these links are of analog technique based on FDM-

FM system. The main links have a capaclty of 960 channels,

The following brands are connected to the links:

LENKURT (UPPER 6 GHz band) for DHAKA-CHITTAGONG
DHAKA~KHULNA-MONGLA,
FUJITSU (UPPER 6 GHz band) for DHAKA-BOGRA-ATWARL
(6 GHz band) for PHULBARI-RANGPUR
DHAKA—MAGURA—KUSHTIA(and to India).
BOGRA~KUSHTIA.
NATORE-RAJSHAHI

TANGAIL-MYMENSINGH,

TOSHIBA (6 GHz band) for DHAKA-SYLHET
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RCA (6 GHz band) for CHITTAGONG-COX'S BAZAR.

(2 GHz band) for CHITTAGONG~RANGAMATI

This main network is star shaped around Dhaka and Provides links

from Dhaka in the most important directions:

Scuth - East ( to Chittagong)
South { to Khulna )

North - West ( to Bogra )

North - East ( to Sylhet )

The only link permitting a diversification of routes is in the western
part of the counﬁry: Magura—Kushtia-Bogra. The link between Dhaka and
Talibabad has a special function. This link has been provided by THOMSONw
CSF,y with a stand-by on Co-axial cable to connect the earth station of
Talibabad to Dhaka. In addition to that an 1,800-Channel, 6 GHz (upper)

of NEC analog MW transmission link has recently been installed between

Dhaka and Chittagong., The links are shown in Fig. 2.4.

International Network :

A digital international trunk exchange (ITX) has been installed at
Dhaka for overseas direct dialling and-operator assisted trunk services,
Fowerful computers records the international énd alsc the nationwide
dialling (NWD) calls. 1Installed capacities of International trunk

exchange are as follows:

1

- International Trunk (Bothway ) 319

[
[\V]

- International Trunk {(ring down)
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- International Trunk exchange to
Dhaka Trunk automatic exchange = 117
- Dhaka Trunk automatic exchange
to Internaticnal Trunk exchange = 73
Total = 511

One Standard - A earth station at Betbunia and

a Standard « B earth station at Talibabad are providing 130 overseas
Telephone circuits and 96 Telegraph/Telex circuits with 18 overseas
countries, Block diagram shows how international network is connecs

ted to our Network (Fige 2.5).

Telegraph and Telex Services:

There are about 600 Telegraph offices in the country, Important
district towns are interconnected by point to point Teleprinter circuits,
In other places Morse code or Phonogram service is available, There ére
5 Telex exchanges in Bangladesh. Out of them 3 telex éxchanges are ing-
talled in Dhaka, One in Chittagong and one in Khulna. Besides them
one 25-lines Gentex are working in DPhaka. The following are the installed
capacity of Telex exchanges,.

Dhaka 1t a) 1000 lines digital Telex excﬁange : NEC Japane

b) 100 lines Telex exchange Siemens; W.Germany.

"b) 50 lines Telex exchange Siemens, W.Germanye.

Chittagongt a) 260 lines Telex exchange

Siemens, W.Germany.

Khulna : a) 25 lines Telex exchange - Siemens, W.Germany.

Chittagong and Khulna are connected with Dhaka Telex by line

concentrators.
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Discussion:

The population density of Bangladesh is one of the highest in the
worlde For 100 million people of the country has about 0.18 million
telephones only which is one of the lowest in the world i.e. 1.8

telephones per 1,000 population.

Telecommunication plays a vital role in ihproving infrastructure
for economic development of a country; For Bangladesh fhis is more
important because of her poor development in other éettors of communi~-
cation.. Aithough pace of development of telecommunication was rapid
in the past decade, it could not be made faster with the age old systém
existing in the country which have already been discarded in the deve-

loped countries of the world.

With a view to expand and modernise telecoﬁ. networks in Bangladesh,
a careful decision should be made so that developménts in the relevant
field bécomes appropriate and most economical. The bresent research’
aims at this goal in respect of digital transmission over éxi#ting
analogue environment and to suggest a national‘digital tranSmiésion

system which will be suitable in our network,
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Introduction

For assessment of the improvement éxpected from the introduction

of digital transmission over the existing analogue signalllng system

it is necessary to study the physical parameters of the existing sys-
tem, The essential parameters for this purpose are the traffic over-
flow, call handling capacity,lthe problems associated with the multi-
plexiné of analogue signéls and the characteristics of existing cables.
On the basis of these parameters we can judge the quality and extent of

application of digital transmission systems.

Traffic Overflow

Study of overflow traffic 1is important for efficient piénning and
management of telecommunication systems, Trunks are most efficiently
used when properly loaded but blocking is increased with rise of tra-
ffiéi Overflow systems are economlic sclutions to this coﬁtrary demand.
Overflow system helps the practice of concentrating traffic from less
costly lines to more costly trunks. Within the limits of a fixed Qrude
of service, éoncentration of trafflc from two or more groups of sources
can be realiged with fewer equipment if theg are made to share a common
secondary group In addition to their primary or direct trunks instead
of feeding individual groups of trunks. Traffic £o the common group in
such an arrangement are those overflowed from the - different érimary
groﬁps, gradings, peak and top load finders. Alternate'routing arrange#
ment are common examples of overflow systems in teléphoné connection

networks,



In our country the telephone subscribers are considered in three
groupss

i) Normal group

ii) Heavy group

i1ii) PABX or PBX group.

Normal group covers the residential part of the total subscriber while
the heavy group is considered to be the commercial enterprises. PABX

is used 1n office and are always fed with maximum ioad. Considering

the traffic pattern of each group overflow facilities are incorporated.
PABX does not employ any provision for overflow traffic. Hence its
switching equipments aré designed with a consideration of maximum off-
ered traffics In the case of the arrangement of subscriber line groups
in the-preselection stage,in such a way that switches are well-utilised

in the group selection stage.

In the EMD exchanges the LF's (Line finder) as a rule are either
grouped in a straight forward trunking arrangement or in an overflow
arrangement. 1In the straight forward trunking arrangement each line
finder is permanently fixed to a Ist group selector. But in the over-
flow arrangement a 2-stage line finder (%ig. 3.1) is utilised which is
known as LF/TLF{Top Lood finder) arrangement. In this arrangement only
the LF's connected to one Ist G3 (group selector} are Qeized first in
each subscriber groups and are highly utiliséd. The line finders which
carry only peak traffic are designated as top line finder and are coﬁn—
ected to the free inlets of the neighbouring line groups. This causes

an equalisation of traffic within several subscriber line groups.
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In chapter two it is mentioned that Bangladesh telecommunicétion
system consists of mainly G1, EMD and magneto-mannal exchanges. Recen=
tly Bangladesh entered into a new era of modern telecommunication thro=-
ugh the introduction of nation wide dialling (NWD) system. So the ana-
lysis of overflow/call fajilure should be made so that maximum utilisa-
tion of.these exchanges can be achieved and appropriate trunk lines can

be provided.

Before analysis of this gystem it is necessary to know how the
terminal (peripheral) stations are connected and system perforhance
criterion should be made. The Four Trunk Autcomatic Exchangeé {TAX) are
interconnected directly through microwave/VHF Line for convenience. The
Four TAX's are interconnected as shown in Figs. 3.2. So, a Subscriber
of any peripheral station can dial directly to a subscribe? of anothér
terminal station which is even terminated at another TAX.'At present 31

stations are connected with 4 TAX's,

To analyse  the data the feollowing informations should be made

clear.

1. Trunk hunt OK - wheneyer '0O' is dialled the subscribers enter
into TAX through the Ist GS of Local exchange and Interface installed
at the terminal station in an Interface station and directly through
the Ist GS of Local exchange where the exchanges are directly connecﬁed
to TAX. As for example, the subscribers of Faridpur enter intouDhakal
TAX through interface but the subscribers of Dhaka enter Dhaka TAX
directly. Trunk hunt OK means trunk hunting from TAX onwards Local

exchange or Long distance terminal TAX or interface.

Za Trunk hunt NG=-Trunk hunt'Not Good' means non-availability of

aforesaid trunk as in 1,
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3. Fundamental call attempts— This is the total number of calls
attempted to TAX. This includes direct calls (attempted by the subs-

cribers) and semi-automatic calls (connected by operators).

4. Incoming call attempts—Data measured as incoming call attempts

are as follows:

{a) Clear just after seizure—-This means dialling is abundondd
just after entering TAX. In this case the subscriber did not

dial completely but dialled only the digit 'O'.

(b) Time out just after seizure— The inter-arrival time between
two successive digits should be 10-20 Secs, If this is not main-
tained, the TAX will send reorder tone and the call will be cance-—

lled by TAX.

{(c) Wrong dialling pulse received by dial pulse incdming resister
(DPIR)~= This occurs if TAX recelveg wrbng dialling pulse from the
Local exchange. For example TAX receives 11 pulses instead of 10

pulses when '0' 1is dialled on any occassion.

(d) Wrong dialling pulse received by Multi-Frequency converting
Resistor(MFCR)——This happens if TAX receives wkong pattern in

MFC (Multi frequency code) signalling system, For example, thére
should be 2/6 pattern (two 1's and four 'O's) in the MFC signalling

code,

(e) Vacant code dialling—Subscribers dialwrong area code which
is not available at TAX memory. In this case the subscribers will
get announcement. For example some body dials 0631-2XXX: here 2

is not available at Faridpur at this moment.
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(f) Subscribers abandon in the middle of dialling--This means
the subscribers did not complete dialling. They abandoned dia-

lling in the midway of the total diglits tec be dialled.

(g) Interdigital pause--This means the interarrival time between
two successive digit has not been maintained. Interdigital pause

is 10-20 Seconds measured at Dhaka TAX.

Traffic data on 24 hour basls of Dhaka TAX were taken for 3 days
on 12, 13, 14th of May'85. The Data are analysed to check for the

missed calls. An example at 11 hrs on 14th May'85 1s shown below :

1. Trunk hunt not good 9362

1]

2e All trunk husy included in 1.

3. Failure with incoming call attemptss

(a) Clear just after seizure = 505
(b) Time out afte? selzupre = 26
(¢} called subscriber busy = 00
(d) Wrong dialling pulse received

by DPIR = 80

(e) Wrong dialling pulse received

by MFCR | = 177
(f) Vacantcode dial = 5,657
(g) Subscriber abandoned during

dialling = 25,205

(h) Inter digit pause more

than specified. = 2,253
= 31,903
4. Sender Time out = 1,845

Sa DPIR Trunk hunt not good = 3,620
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Summation of (1) to (5) = 46,730 :

6. Number of incoming call attempts = = 69,061

7. No. of incoming calls that should mature=69,061-46,730

= 22,331,
8. No. of calls matured | = 17,873
9, No. of call fallures (7) minus(g) = 22,331-17,873
= 4,458
10, No. answers back . iassuming 5%) = 22,331x5%=1,117.
1ll. Calls that can not be accounted for
except miscelleneous reasons = 3,341.

The percentage of different types of fault and matured- calls
is shown in Table 3.1 and on the basis of Table 3.1 a curve is drawn

and it is shown in Fig. 3.3.

From Fig. 3.3 it is evident that the ratesof Trunk hunt not good
and all Trunk Busy (A.T.B.) increase by ( yz—yl) 14% and matured call
decreases by (xifxz) 14.8% around 12,00 hours. Thus keeping all-otﬁers
constant, amount of matu;ed call depends apparently on getting of the
trunk. In Table 3.2 and in Fige 3.4-3,7 hourly offered and successful
calls are recorded from Dhaka TAX. Call-data of Dhaka TAX were studied
also by Alamg. Those data recorded in different dates also indicate poor
rate of matured calls during busy hours., In fact, agjmassive digital

\

transmission scheme that ensures greater call handﬁing capacity could
e

solve this problem.



. Q.';:TABE 3.1

Traffic Data in Percentage of mﬂkﬂ TAX

imhrlO‘l.hr!OZhrlOBhriOdhrlOShrlOGhrlO'J‘I‘IrIoBhr!09h.rI 10hr § 1the § 12nr b 13hr § 14hr § 1Shr § 16hr § 17hr § 16he§ 19hc

i 20br § 24nr § 22hr § 230§

Hours
i
1.Trunk hunt NG 5,39 0.41 3.5 O. 0.0 0.0 1.79 6.55 Ba30 12.34 13.44 15.60 16,50 16.02 15.95 13.69 12.96 13.08 12,87 12.82 11.24 11.2
2:«All trunk busy Included in 1
3j(alClears just after 4.33  3.88 13,7 4.57 3.56 2.95 5,71 1.87 0.7B 0.53 0.B5 1.13 0.27 0.86 0.70 1.07 0.7 1.25 0.83 0.85 0.67
(b)Time ocut just after g,05 0.0 o 0.11 0.0 ©0.16 0.40 0,14 0.02 0.1% 0.01 0.01 0.01 0,010.0 0.0 0.08 0.03 0.03 0,01 0.04 0.02 -
Seizure. F = (<]
- L
‘Clgage‘i subscriber g 0.0 0.0 0.0 0.0 0.0 ©.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 ; 0.0 0.0 0.08 0.0 0.0 =
- a . Y Q
= = < Q
(diWrong dialling pui- g,46 0.78 = 0,15 0.11 0.37 0.13 0.25 0,24 0.14 0.10 0.34 0.09 0.11 0.11 0.0% 0.09 § _ 0,13 0.16 0.13 0.21 0,50 3
se Rec.by DPIR. % . a 0
- bl o —
(elwronc diallind Pul- 5 66 3,26 © 0.48 0.24 0.34 0.05 0.03 0.08 0.11 0.09 0.01 0.02 0.04 0.31 0.16 0.28 0.2 0.24 0.03
(f}Vacant code dial 7,24 B8.74 1027 5.99 7.67 7.66 9.66 9.23 9.29 9.30 9.38 8.91 8.97 8,85 9.44 9.93 8,86 9.68 9.06 9.03 B8.2%
(s o ral, 3605 36.45 28.93 41.25 38,74 42.07 33.38 37.95 36.B3 36.73 35.19 35.54 34.37 35.06 35.59 35.96 37.24 34.93 35.37 34.27 33.85
(h)Interdigit pause  5.42 9.07 12,62 24.38 23.21 12:24 11.29 3.89 3.86 2.81 2.51 2.35 2.44 2.8 3.23 3.4 3,39 3,61 3.30 3.04 3.21
{i) be oo de e 1.17 ©0.78 3.52 011 101 0.77 0.73 Gu31 0u36 0u19 0ud46 0,19 0,13 0.13 0.13 0.48 0.32 0.47 0.42 0.52 0,55
4 .Sender Time out 1.53  1.12 1049 111 0.50 1.18 1.24 2,01 295 3.12 2.8B 2.35 2.56 2.26 1.97 2.1 4,41 2,16 2.53 2.48 1.95
5.DPIR Trunk hund N.G. © 0.0 0u33 0.0 0.0 0.0 0.0 0.0 0.03 1,54 4.30 5.42 5.10 2.81 0.28 0.49 0.41 0.02 0.01 0.0 0.0
G.No. of call matured. .35.99 37,28 27021 18460 20043 24067 3B.86 35.87 32.72 28,11 25.22 23.09 24,02 26.49 29.66 29.86 26,80 30.45 29.49 28.76 36.12
7.0thers. 2.84  2.17 0.0 3295 5.27 B.42 4.32 2.27 2469 5016 5.72 5.33 5.47 4,36 3.00 3.26 4.86 3.84 6.03 7.89 0.0

2€
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3.3 Problems with multiplexing of analogue signals:

The following problems are noticed in multiplexing and demulti-

plexing process of analogue signals:

i. Inherent thermal and shot noise.

ii. Crosstalk due to improper filtering.

‘iii. Intermodulation noise due to non-Linearities.
iv. High cost involvement,

Ve Less channel capacity compared to PCM system,

3.3.1 Thermal noise and shot noise

Thermal noise is the noise occuring in all transmission media
and in all communication equipment arising from random electric motione.
It is characterised by a uniform distribution of energy over the frequ-—

ency spectrum and a normal (Gaussian) distribution of levels.

Every equipment, element and the transmission medium contribute
thermal noise to a communication system, provided the temperature of
that element of medium is above absolute zero. Thermal noise is the
factor that sets the loyer 1imit'for the sensiiivity of a receiving
systems Often this noise is expressed as a temperature referred to

absolute zero (kelvin).

Thermal noise is ; general expresslon referring to noise bésedlon
thermal agitations. Thermal noise is directly proportional to bandwidth
and temperatire., The amount of thermal noise to be found in 1 Hz of
bandwidth in an actual device is

P = KT ( W/Hz).

n

Where K

i}

Boltzmann's constant. = 1.3803x(10—23) qﬁk

T = absolute temperature k) of thermal noise.
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For a band limited system (i.e. system with a specific bandwidth).
P = KTB (W)
n

where B= Bandwidth (Hz).

Shot noise is due to the discrete nature of electron or other
charge carriers flow and is found in most active devices. This type
of noise involves random fluctuations about an average particle flow,.
For example. electrons flowing between cathode and anode in a vacuum
tube, electron and holes flowing in a semiconductory Photoelectrons
emitted in photodiodes etc. Although averaging over many parficles_
the flow is found constant, there will be fluctuations about this -
average. This fluctuation causes a noise voltage to develop. Thé
mechanism of fluctuations depends on the particular process. From stéti—

22

stical analysis it is observed that mean squared fluctuation about

the average value is proportiocnal to the average value it-self.

In multiplexing thermal noise is the inherent noise present in
all resistors and conductors used in the circuitry. Besides, shot
noise is present in the active devices like transistors, diodes etc.

used in the multiplexing and demultiplexing equipment,

3.3.2 Crosstalk:

Crosstalk is defined as the disturbance created in one communica-
tion circuit by the signals in other communication circuits. It is the
disturbance created by another ctircuit due to ci?cuit non-linearities,
transmittance and electromagnetic coupling. In otherwords crosstalk

refers to unwanted coupling between signal paths. Essentially there are



a1

three causes of crosstalk:

a} The first is thé electrical coupling between transmission
media, for example, between wire pairs on a VF cable
systeh.

b) The second is poor control of frequency response-i.e.
defective filters or poor filter design.

€)  The third is the non-linearity performance in analog(FDM)
multiplex system.

In multiplexihg'and demultiplexing process crosstalk arises due to
improper filtering. This is shown' in fig. 3.8 where message signals
have a band of frequencies from O to 4 kHz, actual frequency band is
from 300 to 3400 Hz., The extra band 3400 Hz to 4000 Hz is used for
signalling purposes, Now when 0.3 to 3.4 KHz VF signal is modulated
with 16 KHz carrier as shown in fige 3.8, the AM wave produced con-
tains 1643 to 19.4 KHz (upper side band), 12,6 to 15,7 KHz (lower side
band), the original VF signal and other pfoducts of modulation. To
transmit single side band (upper side band in this case), band pass
filter (having transmitting band of frequencies from 16 to 20 KHz )
is usede This filter supresses other products. But since, no ideal
filter is available, signal frequencies will be slightly below 16 KHz
and slightly above 20 KHz. These unwanted signals will fall in the
channel '1' and channel '3' band causing crosstalk. Similarly, cross-

talksare present in group and Supergroup stages,
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Fig -3.8 ¢+ Cross talk due to Improper flltering
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3.3.3 Intermodulation noise due to non-linearities:

Intermodulation noise is the result of the presence of inter-

modulation Products. In other words undesired modulation caused by

the nonlinear characteristics of components is known as 'intermodula-

tion noise. It produces new frequencies which include sum and differ, ..

ence products of the original. frequencies, harmonics of the original

frequencies and sum and difference products of the harmonics. There

are various types of non-linearities that can cause intermodulaticn

€ale

i)

ii)

iii)

iv)

amplitude non-linearity i.,e. with change in input level,
amplifier gain will change.
frequency non-linearity i.e. for different frequency input

of same amplitude, output amplitude will be different,

Phase non-linearity, i.e. output phase will change ac¢ording
to the input amplitude.
Phase and group delay, il.e. output phase will vary for diff-

erent frequency input,

In multiplexing and demultiplexing equipment the main causes of

intermodulation are:

i)

ii)

incorrect operating point: This causes amplitude non-linear-

ity and so intermodulation productse
Overloading : Since linear range is - limited, overloading
drives the component in non-linear range i.e. amplitude

nonlinearity occurs for overload conditione
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iii) frequency distortion: This means variation of gain with fre=-
quency. The output waveform becomes distorted giving a noi-

se. This effect can be minimised by using equatisers.

Besides, intermodulation distortion occurs in addio programme
transmission. An audio programme signal is a complex wave consis-—
ting of many component frequencies, Normally its bandwidth is
equal to 3 times the voice frequency bandwidth. If these frequ-
encies are transmitted via equipment that produces intermodula—
tion, neﬁ frequencies are produced, Some of these new frequenciles
will fall within the bandwidth of the transmitted audio programme,
producing distortion which lowers the quality of the received pro-

gramme,

3.3.4 High cost involvement:

In frequency division multiplexing (RDM) system thermally stabili-
sed crystaicontrolled synchronized ocillators22 with an accuracy of 1
part per million (PPM) are needed to generate the carrier signals. These

devices are extremely expensive, but furtunately their cost may be shared

between several multiplexers since the carrier frequencies remain identi- =

Cale Still it is costlier than pulse code modulation (BCM) technique,

The filters used to remove the unwanted sidebands{multiplexer), and
those used to filter the demodulated chamnel signals {demultiplexer) can-

not be shared. They are difficult to design and are extremely expensive.
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3.3.5 Less channel Eapacity compared to PCM

3.4

1

The bandwidth requirement for an FDM equipment designed to combine
12 telephone channels stretches from 60 to 108 KHz and uses transmiss—
ion media which may be either a deloaded audio cable, open wire, or
special pair cable., This multiplex provides the first order within the
FDM hierarchy, and 1s the basic unit from which wideband signals repre-
senting larger number of chnnels are built up. The subsequent levels .in
the FDM hieranpn y after the primary group are referred to as super,
mester and super-masier groups. The primary group systems are used
extensively on existing audio pair cables. But in PCM system 30 tele-

phone channels can be provided on existing audio pair cables,

Existing cable characteristics:

Qur objective is to use the existing cables for digital transmiss-
ion. To attain this objective the characteristics of the existing cable.
should be known. The characteristics of the commonly used cables of BT&T
Board are given here and measurement of different parpmeters of the cab-

les of different routes were made,

Cableszsin use are generally of K -insulated, Laminated sheath’

type. The following diameters of cables are in use.:

O.4mm (newly introduced):

Cross-Section A= .1257mm’
Planning value : Loop resistance er Km = 290 ohms.
Planning value : @B Loss (800Hz) Per Km = 1,5 dB,

Mutual capacitance : 50 nF/km.
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~ O.5mm (used earlier)

2

Cross section A *1963mm

Planning value : Loop resistance per km = 190chms.

Planning value : dB Loss (800Hz) per km = 1,25 dB

Mutual capacitance : 50 nF/Km,

O.6mm (used for local czbles):

Cross-Section A = .2827mm2

Planning value : Loop resistance per km = 1300hms;
Planning value 31 dB loss (800Hz.) Per km = 7.05 dB,
Mutual capacitance 52 nF/Km.
O.6mm (used for junction cables):
Cross~Section A = .2827mm2
Planning value : Loop resistance per Km = 130ohms,
Planning value : dB Loss (800Hz) per Km = O,95dB.
Mutu;l eapacitance y 42 nF/Km,
0o 8mm (uséd for junction cables):
Cross~Section A = ,.5026 mm2
Planning value : Loop resistance per Km = 75chms,
Planning value : dB Loss (800 Hz) per Km = 0. 70 dB.
Mutual capacitance 42 nF/Km,
0.9mm (used for junction cables):
Cross-Section A = ,6361 mm2
Planning value t Loop resistance per Km = 60 ohms,
Planning value t dB Loss (800Hz) per Km = 0.6 dB.
Mutual capacitance 3Z3inF/Km.

The cable characteristics of some important routes are given in

tables 3.3-3.8. Measuring techniques are discussed in appendix—A.



Table 3.3 Cable data of Shere-e-BanglaNagar - Mirpur route

Insulation : Lead sheathed Distance 8.4 Km. No. of joints : Not known
Date of measurement : 1986.%.12
Unit No. } Pair No. { Insulation i Capacitance { Loop § Attenuation { Remarks
b d A~Earth { B=Earth } nF/Km. ) Resistance { dB/Km. )
{ Mega-~ohms { Mega-ochms ¢ Ohms/Km ) }
' ] Cable Specifica- -
507/1 1 5 9 35.5 76.2 tiona
507/1 20 Break - - - a)150/0.9/LS.
' b)The cable is not
507/1 21 ao 10 35.7 73.8 Loaded but bala—
507/1 40 7 10 35,7 77.4 not meas- nceds
507/2 1 80 80 25.8 7540 ured c)Pressurized.
507/2 20 4 45 35.7 80.9 d)Direct burial.
507/2 40 16 11 36.3 72.6 e)Due to high dB
Loss agbove 500
507/3 40 25 18 36,9 73.8 KHz attenuation
‘ : could not be
507/3 50 25 50 39.3 73.2 measured at

1 MHz.

LY



Table 3.4 Cable data of Shere—e—BanglaANagar—Tongi route

Insulation Lead Sheath Distance 20 Km. No. of joints 150 nos.

Date of measurement : 1986,5 . 16

Unit No. } Pair No. } Insulation ¥ Capacitance { Loop § Attenua- § Remarks
b { A=Earth § B-Earth § nF/Km. § resistance § tién b
b ) Mega~ohms. § Mega-Ohms, ¢ § Chms/Km { dB/Km. ¢
. L}
497/4 1 70 70 17.5 60.5 ;Ot Cable specification:
497/4 50 . 15 " 20 15.8 62.5 measured a)308/0.9/Ls
497/5 o 9 8 ' 1445 6245 b)The cable is not Load-

ed hut balanced.

1

1

[}

(]

'
497/5 50 100 30 14,5 62.5 : c)Pressurized,
497/6 10 80 25 13.0 62.0 X d)The cable has pas ed

! through duct from
49776 50 150 55 1645 59.0 ' Shere~e-Bangla Nagar

- . . : Exchance to Amtali

497/6 70 30 S0 14.5 59.5 ! and direct burial from

Amtali to Tongi.
e)Attenuation could not
be measured due to

long distance.

B¥



Insulation

. Table 3.5 Cable data of Moghbazar - Gulshan route.

Polyihelene (PE)

Date of measurement: 1986. 10. 03

Distance 6.2 Kma

No. of joints @ 25 Nos.

§ Remarks

Unit Noe § Pair Noe. § ~ Insulation ! Capacitance ! Loops § Attenua-
i )} A~Earth } B=Earth { nF/Km. } resistance { tion )
i | Mega~chms. § Mega—~ohms. § jChins/Km  § dB/Km. i
89/4 50 500 1000 31.0 126.45 12.0 Cable specification:
89/3 S0 250 S00 30.6 126.3 12.0 a)800/0,6/PE
B9/2 50 200 175 30.48 126.45 11.8 b)The cable is not loaded
but balanced.
89/1 50 400 1000 30.2 126.45 11.8 c)Not pressurized.
89/5 2 400 300 33.9 77.4 9.2 d)The cable is direct burial
' from Moghbazar to Amtali
89/5 52 250 200 33.9 77.6 9.2 and ducted from Amtali to
Gulshanas
89/6 1 190 300 34.0 77.7 8.2
89/6 51 150 200 33,9 78«1 9.2
89/7 96 500 1000 - 33.9 77.9 9.2
89/4 1 50 300 31.9 125.0 13,9
89/10 50 100 23 31.1 124.8 13.7

- E T S o E an e e o em Em =



Table 3.6 Cable data of Central - Narayanganj route.

Insulation : Polythelene (PE) Distance _18.2 Km. No. of joints 75 Nese. {approx)

Date of measurement : 1986 « 10 ., 18

Unit Noe 0 Pair No. {Insulation } Capacitancd Loop § Attenua- § Remarks
P } A-Earth  { B-Earth ¢ nF/Km. } resistance { tion 0
§ } Mega=ochms. { Mega—ohms { § Chms/Km ¢ dB/Km. b
I !
233/1 5 30 4 34.6 ' ! Cable specification:
| 1
233/1 45 100 4 34,3 not measu= not a)400/0.9/PE.
233/1 55 18 20 34.7 reg | measured bDJ)The cable is not Loaded
| } and balancing does not
233/2 5 20 50 34.2 I I .
: l existe
233/2 25 3 4 33/9 : : ¢) Pressurized.
233/2 95 4 645 33.4 : : d) Direct buriala
233/3 25 30 9 34.1 - ! |
t (
233/3 45 4 10 33.7 1 !
| |
233/3 .95 40 4 33.4 ! !
| 1
233/4 25 4 4 34.1 ! !
‘ | |
233/4 45 50 4 33,5 ! !
i 1



Table 3,7 Cable data of Moghbgzar-Shere=e-=Banglanagar route

Insulation : Polythelne (PE) Distance 3.6 Km. No. of joints 21 -

Date of measurement:_1585, 7 . 11

Unit No, 1§ Pair No. Insulation § Capacitance 1§ Loop { Attenua~ {| Remarks
b ! A-Earth } B-Earth { in nF/Km, } resistance #§ tion }
§ } Mega~ohms. { Mega—ohms. § _ § Ohms/Km -} dB/Km }
8/1 26 4,00 300 41.4 145.8 14.5 Cable specification:
8/2 35 300 400 41.4 147.8 14.6 a) 600/0.6/PE
8/3 20 120 140 41,7 147.8 14,5  b) The cable is not
loaded but balanced,
8/4 7 110 120 41.7 146.9 1446 ) The cable is
8/5 37 30 500 41.7 147.5 14.75 Pressurizeds
8/6 2 125 125 41.4 147, 2 14.6
8/7 25 700 1200 41,7 147.5 14.6
8/8 44 500 - 1000 42,2 147.2 14.6 )
9/1 42 1000 ’ 1000 41.4 147.5 - 14.6
9/2 13 250 250 41,7 146.4 14.8
9/3 49 1000 1100 41,7 146.7 1447



Table 3.8 Cable data of Central-Moghbazar route

Inisulation - Polythe ene (PE) Distance 3.7 Km No. of joints 12 Nos,

Date of measurement: 1986. 7. 19

Unit No. 1§ Pair Noe. { Insulation i Capacitance § LooOP Attenua-g lemarks
i { A-Earth { B/Earth ) nF/Km. resistance ¢ tion
§ ] Mega chms § Mega chms y Ohms/Km ) dB/Km. 9
B5/6 68 500 : 2000 34,9 604,00 9.7 Cable specification: ’
B85/7 74 500 800 34.6 60.2 9.7 al400/04,9/PE.
85/8 31 . 400 800 34.9 6042 9.8 b }The cable is not loaded
7 but balanced.
86/1 45 100 75 33,8 60.0 11.0 c)Pressurized,.
86/1 ss 40 70 , 33.8 59.5 9.4 d)underground burials
86/1 69 55 70 34.0 59.7 9.5
B&/1 85 5000 200 33.8 59.7 9.4
86/2 3 55 200 33.8 60.0 9.5
86/2 10 300 300 34.1 60.2 9.5
86/3 68 250 200 71.6 60.2 111
.86/4 54 400 1500 :33.8 60.2 9.9
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Discussionss

In this chapter Traffic overflow, problems with multiplexing of
analeg signal and existing cable characteristics have been studied.
From the analysis of the available data of Dhaka TAX it is found that
amount of matured call'depends apparently on getting of the Trunk. If
Trynk/Line capacity can be increased matured call will certainly be

raised.

Secondly, different problems régarding the multiplexing of the

analog signals are studied and found that it is affected by inherent

thermal and shot noise, crosstalk due to improper filtering, intermodu-

lation noise due to non-linearities and high cost involvement.

Thirdly, an extensive study of the characteristics of the cables
of differgnt routes of Dhaka telecommunication region was performed.
These data will be helpful in designing routes for PCM communication.
It will be pointed cut in the next chapter that the existing problems
of less trunk/line and problems of multiplexing can be avoided if

digital transmission is successfully introduced in our network.



CHAPTER=-4

QUALITY OF DIGITAL TRANSMISSION

OVER THE EXISTING ANALOGUE ENVIRONMENT.
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Fige4sl One channel PCM system;

Introduction:

This chapter deals with PCM principles, Transmission quality of
the cables, planning of a PCM system over the existing analogque environe-
ment in Bangladesh, Planning requirements, results of the investigatlon'
and the results of the existing cable network in Dhaka. The analysis
was made for 30 channel PCM system, since it has the widest global
coverage,

PCM Principless

FPulse code medulation (PCM) is the common method of converting
analogue signals into digital format (and vice versa) so that they may
be conveyed over a digital line system or digltally processed (e.g.

13,22,26 :
digital switching) .

The conversion is based on three major principles:

a) Sampling

b) Quantlzing

c) Codinge.

Analogue !
signal , : . . !
——4 sampling quantizing -aicoding |l decoding - filtering| —youtput

7
-t mm m e

(a) (b)
transmission medium

(a) transmitter, (b) receiver,
The principle of PCM Communication system is schematically shown in

fig. 4.1
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4.2.1 Samgling:

The transformation of a continuous signal waveform intp time slots
is called "sampling". 7The sampling theorem developed by Nyquist states
that any waveform may be sampled and then completely reconstituted provi-
ded that the rate of sampling is equal to or greafer than twice the highest
frequency component of the waveform. Thus for a waveform limited to
frequenciés below ﬁt’ the sampling rate f5 is given by fsi} 2fH « The
minimum value of f_ = 2fH is known as the Nyquist Rate of fequency for

£

He Generally, sampling below the Nyquist Rate will cause multilation

. " )
of the reconstructed waveform due to the phenomenon of aliasing.

Aliasing is the term given to the overlappling of the consecutive
sidebands produced by the sampling process, which 1s essentially one of

the amplitude modulation. This concept is illustrated in Fig. 4.2. It

can be shown that sampling a wave-form at a rate of fs produces upper

and lower sideband versions of the waveform centred at frequencies of

nfs (n =1, 2, 3, o =+ « o o J)e If fs £ 2 £, » where £, is the cut off

frequency of the original waveform, the aliasing is produced, as illus-

trated., The diagram demconstrates that the minimum seperation of nfs and
H

{n + 1) fs is 2f,, if aliasing is to be avolded. Clearly, sampling at

% :7 2fH ensure no aliasing but too high'a rate is wasteful of bandwidth,

Q.
£
o

Amplitude

AN

fu 0 fu fs 21, 3ts
Frec.—pm
The waveform The sampled wovefarm with f, = 2§,
Fig.4,2
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aliasing o
b3
-+
ﬂ
o,
~ E ’\
0 fs 2fs 3fs . 0O ' fs 2fs
The sampled wavefom with fsg2fu The sampled waveform with fs 9 2 fu

Fig. 4.2 Frequency spectra of sampled signal at,below and
above Nyquist's rate,

Fig., 4.2 also 1llustrates that the original waveform may be
retrieved by passing the sampled waveform through a low pass filter:
with a cut-off f . Fig. 4.2 shows in frequency ddmain the samples
derived for a particular input waveform and the reconstituion of the
samples. The telephony audio signal has a frequency power spectrum which
is significant up to about 10 KHz. Howeyer, most of the power resides in
the lower range. For economy of bandwidth telephony channels aie band
limited to 300-3400 Hz. 1In practice frequencies higher than 3400 Hz pass-
ed because of the skirt of the filter., To allow for this non-perfect
filtering and hence keep aliasing negligilble CCITT recommended a samp-—
ling rate of 8KHz (i.e. once in every 125 M sec}, which is universélly

adopted to all PCM systems,
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4.2.2 Quantizing:
Quantization is the process of measuring the value of each sample.
The value is megsured at the half way between two decision Points. This
peint is known as guantization level. To examine the distortion arising
from the fundamental requiement of P.C.M. that samples transmitted.can—

not be continuously variable but must be chosen from a finite set, the

number of which is a function of the length of the binary number to

assign for the transmission of each sample.

7
/ \\
£ \

Permitted sompia vajues
Y
L~

Ji
A
Somptlnq1
Insfants
la)

! ) I , > ’ []
. {b)
Fig. 4,3 Sompling of 0 section of wave form.

6. Sampledand guantissd wave (assuming linear quantising }
b. Corrasponding quontising errors,

Fig. 4.3 shows a section of wave-form being sampled. The permitted sam=
pling approximations are indicated by the horizontal lines. It is assumed
that the value selected is the nearest one + or — (in practice for reason
of convenience the next lowest one-is taken and at the recovery stage half
a step value is added, which has identically the same result). The quanti-
zing errors are shown below. It will be seen that the mean value is

+ Y S.where 5 is the magnitude of one step. Except where there is.a fortu=
itous correlation between sampling rate and transmitted frequency, and

this occurs infrequently in speech, the mean power is represented by 1
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S (x°dx) /S = -%-5?'
~35

The random nature of this distortion results in a frequency content which

is substantially flat over the pass band of the channel,

In another way quantising can be explained. ‘After first amplitude
limiting the audio signal each PAM sample is compared with a set of
quantum levels and assigned to the next highest level. At the far end
the PAM samples are reconstituted by generating sample heights equal to
the appropriaté quantum level, Clearly the rounding up process denerally
introduces an error E known as quantizing error as shown in fig. 4.4. If
the sample steps are equally spaced then the quantising error to signal
ratio 1s worse for all signals than for large signals. This problem
is minimised by the use of spacing the sample thresholds Lpgarithmically
so_that Large signals have large error and small signals have small
error thus giving essentially constant quantising error to signal ratio
over the permissible amplitude range. This process also enablega wide
range of aﬁplitude to be encoded by a given number of quantising levels,
Since the effect is the compression of this higher amplitudes into fewer

quantising levels then the technique is also known as "companding",
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Linear sample steps. Logarithmic sample steps.

Fige. 4.4: Companding of linear sample steps.

In a practical system either 128 or 256 quantum levels are used to
represent both positive and negative samples using either the A-~law or

the J»law Logarithmic approximations(as described in appendix-B).

4.243.Coding:

Coding is the expression of a quantised sample magnitude in terms
of a binary number for transmission over the channel. Each of the quantum
levels E 1s assigned a_binary number. The first digit represents the sign
of the sample : O for negative and 1 for positive. The remaining 6 or 7
digits then represent-the magnitude—the first indicating whether upper .
or lower halfj the second whether upper or lower quarter; the third whether
upper or lower either , and so on. The single PAM sample representing one
channel has now been covefed to a PCM word of 7 bits (27=128 levels ) or

. 8 . . .
8 bits { 2 = 256 levels), which may be transmitted at an arbitrary bit

rate.
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The reverse process, performed at the termination to the PCM system,

is known as decodinge.

In PCM 256 differently spaced quantizing intervals are provided 1in

a practical system. 128 for the positive half and 128 for the negative

half of the signal.

256 = 2 ., So 8 bit binary code word is needed for

the transmission of each sample. The first bit is polarity bit. 1 for

+ve and O for -ve and remaining bits are absolute value bits. Fig. 4.5

below shows a 3 bit coding system.

Amplitude
4
) _
A
}\\ » Time
Sompling
Amplitude
i
I
110
101 4-
JO0O -
» Time
0001 ! i I ! ! !
oot i ] Lo T [
i I ' ! 1 } }
010 I X | { ' | | |
ord | 0t [ T
— 71 Quantizing —* ! t
T A T R
Amplitude ' | ! ' t I
] ! [ ! !
i ] ] ! ! I t
; | 0 | ] 1 ' 1
[ O} 111110101 ' 000! 00110011
1 | ; ] 1
HIEEIssinl
! » T Ime

Fige 4,5 t 3-bit Coding of a signal.
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Transmission qualitys:

The quality of communication offered to the telephone user may be
expressed in terms of frequency response, harmonic distortion, signal to
noise rafio, and so on22. However, establishing values for these parame-
ters is difficult since the term quality is imprecise and subjective. It
is c¢legr that the listener must be able to récognise the meaning of the
spoken words and indeed the identity of the speaker., Furthermore, Pro-
longed conversations should be possible with only minimal listening fati-

gue. This is the minimum requirement.

Tests on homan voice have been made at various Laboratories over
the years, for exgmple [7] « It is interesting to note that slightly
different frequency spectra are obtained when the speech pattern of the
European and Bangladesh male and female are analysed. Figure 4.6 illustr-

ates the typical frequency spectrum of human voice.

male

Intensity

1 i 3
800 1200 3400 3600 .

Frequency Hz.

Fig., 4.6 : Typical frequency spectrum of human speech,



&Y A5/

63

The internationally accepted telephone specification has the following
Characteristics: a frequency response of 300 to 3400 Hz, harmonic dist—
ortion better than 26 decibels and a sighal to nolse ratio better than

26 decibels and a signal. to noise ratio better than 30 db.

4.3.1 Frequency response or bandwidth:

4,3.2

The frequency reéponse of the ear (i.e. how it reacts to different
frequencies) is a non-linear function between 30 Hz to 30 KHz; howevef,
the major intelligence and energy content exists in a much narrower bandgs.
Tests have shown that low frequencies upto 600-700 Hz add very little to
the intelligibility of a signal to the human ear, but in this very band
much of the voice energy is transferred. For economical transfer of spee-
ch intelligence, a band much narrower than 20 Hz to 20 KHz is necessary. In
fact the standard bandwidth of a voice channel is 300-3400 Hz as per CCITT

Recommendations G132 and G. 151A.

Phase and attenuation caonstant:

The propagation constant of a transmission line is given by

=N(R + jwL) ( G + juc) = o + J[b

where ¢ is the attenuation constant and B is the phase shift constant.
Both lb( and [B are functions of frequency and geometrical shape

of the line. .. The attenuation constant = X follows a A~/ curve
at low frequencies. For a given cable inductance L, the value of WL will
be also be greater than R and similarly WC will also be greater than G.
This condition arises at frequencies above 60 KHz. At high frequencies,
the attenuation curve tends to become linear but returns to the \r;

characteristic as the frequency is further increased. This is due to skin
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effect at higher fregquUencies. Fig. 4.7 shows a typical attenuation

CUurve,

708 -

c{da 60 4
T s

40

30

20

- 10

. 4

200/trRe)

Fig. 4.7 : Attenuation characteristics of VF Cable.

The phase constant p also follows a \'—E charact.eristics just as d .
The attenuation constant Ci does not give a tone picture of the low
frequency losses of the line. This is because 3
a) The equipments at the two ends of the line are chosen to have
an impedance equal to 2o, the high frequency characteristic
impedance value of the cable., But,
b) The characteristic impedance of the cable is a function of

frequency and is not equal to Zo at low frequencies.

Therefore, at low frequencies there is considerable impedance
mismatch. That is, the losses at low frequencies include, in addition

to the attenuation, the mismatch losses alsoc;

a) The losses due to attenuation are called non-reflection

attenuation.
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b) The losses due to mismatch are called reflection attenua-

tion and have two parts viz

1} attenuation due to mismatch at transmitting end.

ii) attenuation due to mismatch of - receiving end.
Typical values of attenuation are

19 dB/Km at 1024 KHz for 0,6 mm cable.

15 dB/Km at 1024 Khz for C.9 mm cable.

4.3.3 Crosstalk:

The definition of crossetalk is given in Chapter-3. In symmetrical
lines (e.g. star quads) cross talk occurs because each line conducting
voltage and current, produces an electro~magnetic field which transfer

or couples a portion of energy carried by one line to another,

There are two types of cross-talk

i) Near end crosstalk (Next) @

This is a function of the coupling between pairs, measured at the

same end of the cable as the signal socurce.

ii) Far end crosstalk (Fext}:

Tris is a function of the coupling between pairs, measured at the

remobe end of the cable from the signal source.

It is to be remembered that where the disturbing line and the
dlsturbed line carry signals in opposite directions, then *'Next' is the
more serious form of crosstalk. The actual value for 'Next!'! can vary

considerably between cables, although 68 dB may be regarded as a typical.
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Mean value of | ranges from 50 to 85 dB..

wWhen the lines carry signals in the some direction, the 'Fext!?
becomes the more serious source of crosstalks A typical mean value

for '‘Fext! may be taken as 54 dB, for a range of value of 38 to 70 dB.

For effectivertransmission, there should be minimum coupling from
one line to ancther. The degree of this coupiing is often referred to
as cross talk attenuation. It is defined as a ratio

| P
a = 10 Log—gl—— dB.
2

4, is the crosstalk attenuation

P is power in the main line and P

4 is the power C€Oupled to the next line.

2

The primary cause for cross talk is coupling between the lines in a

cable. There are basically 3 types of coupling
a) Capacitive couplinge.
b} Magnetic coupling.

c) Galvanic coupling.

4,3.4 Interference

Voice frequency (VF) cgbles are also affected by

i) Exchange interference.

ii) External interference.
Exchange interferencet

This ocaursin the vicinity of a switching equipment. The switéhing
process may cause certain impulse noise spikes which can interfere wjith

the signals carried by the VF pairs. The exchange interference depends
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on the cross.talk attenuation between the VF lines, numher of active
lines and onh the type of exchange. Obviously, strowger type exchanges

would cause more interference than crossbar and electronic exchanges.

External interferences:

Lightning and power cables running parrallel to PCM routes arm. two
major sources of external interferences. When the local terrain has a high
resistivity and the route has a high lightening incidence, then the cables

must be equipped with protective arrangemeﬁt.

Planning of a PCM system over the Existing Analogﬁe Environment in
Bangladesh,

The symmetrical paired cables already installed for voice frequency
lines can be economically utilized for PCM systems, Presupposition for
that is to investigate the network concerning its ability to transmit sige
nals of 2 M bit/s because originally cables were planned for voice frequency
transmission. This necessary investigation can be done by analog as weil as
by digital measuring. The following important parameters for the usé of
PCM are listed below: |

i) Overall loss from MDF to MDF between t;o ex;hangesin refere-

nce to 1MHz,
ii) Near end cfosstalk.

1ii)  Number of simultaneously acting PCMwSystems.

Based on these data, one is able to start with the planning of how to

bring PCM into action,
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To put digital transmission systems into analog environment the

following additional inquiries are essential.

1) Transmission plan.
ii) Level plan.

1ii) Interface conditions.

iv) Structure of the networka
v) Integration of digital switches within digital transmission
systems,

vi) Problems of stability, echo, sirging etc.

4.4.1 Planningg Redquirements:

For reliable planning of digital transmission the following should be

studied in detail.

Route and system parameters:
as The length of the transmission route between two line termina-
ting units.

be. Characteristics of the balanced cable:

i) Conductor diameter.
11) Kilometric eable attenuation at 1 MHz.
-1ii) Maximum cable temperature.
iv) Value of the near-end cross talk to signal ratio.
Y) Associated standard deviation, |
vi})  Number éf 2 M bits/sec signals to be transmitted in a
cable,
Ce Any predetermined repeater locations,
d. It is to be assumed whether the pairs for both transmission

directions are accommodated in the same cable (single cable
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Cperation) or the signals of both transmlission directlons
being carried in separate cables (two-cable operation)

Hhe v ‘
Are/any strong sources of extranecus interference present which

influence digital signal transmission, line data, transmission

etc, 7
Network preparation:

The following distorting networks have to be removed from

the selected pairs

i) Loading coils.

ii) Longitudingl balazncing networks (e.g. Longitudinal balan-
cing capacitors).

iii) Capacitive build-outs,

iv) Other frequency dependent attenuating networks.

The planning should be made assuming that the individual
regenerator sections do not exceed a bit error rate of 1x10

with a probability of at least 99%.

Balancing capacitors:

If it cannot be guaranted that all Longitudianl balancing
capacitors have been removed, the maximum distance between the
repeaters must be shortened by the corrective value 4L approx=-
imately given by27,

AL = 0.4 x d.

1

where d conductor diameter,

ft

in Kme

AL
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i. Mafimum starting section:

In the final stage of line planning, interference dﬁe to
signalling pulses running in the pa;allel véice frequency péirs
of the same cable must be taken into account. These tend to
increase the bit error rate of the digital transmission in“gene¥
ral only in the immediate vicinity of the exchange. This influe—
nce can practically always be eliminted by shortening the first
repeater section.

The length is determined as followszi

max Ls

where Ls

il

Length of staring section.

LRS

1

Length of repeater spacinge.
The starting section is 50% of a normal repeater section every
time, because in this section near the line termination equip-

ment the main problems are . cross-talk and impulse noise.

Length of Repeater spacing (LRS) :

The length of repeate%4 spacing is determined as

aR
LRS

aCa

aR = maximum section loss.

%

n

cable attenuation in db/Km.

j. Power feeding:
The power feed length L can be calculated on the basis of the
known repeater spacing. The voltage drop in different cableas

are given below for I = 50mA (const}.



Ka

1.

M

Diameter of the cablefmm) Voltage drop (v)
0.4 . 9.66
0.6 3{51
0.8 1.98
0.9 | 1.53
1.2 0.90
1.4 0.66

The feeding dropped by the repeaters are fixed at a maximum of
13.5 volts.
Power feeding for the repeaters can be done either from one end

or from both ends.

The power feed voltage is 100V or 200V can be selected depending

on the national regulations for personal protection.

Number of cable pairs:

Each PCM system requires two pairs, and a PCM transmission line
requires some additional pairs for spare lines, supervisory lines
and service lines, Pair utilisation for PCM can not reach 100%
because of near end crosstalk restriction523.

The type of the cable : (Layer type or unit type).

The rules to assign the pairs used fof PCM differ according to

the cable type. The rules are based on the evaluation of the avera-

ge crosstalk of each cable type, so that no crosstalk measurement are

‘needed during installation of PCM equipment,

Selecting suitable pairs:
The transmission quality of the digital line path can be
significantly affected by selecting suitable pairs for the two trans-

mission directions. The aim of this selection is to achieve the
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the greatest possible near end crosstalk attenuation betwen pairs

of Adifferent transmission directions,

The scope for selecting pairs may be restricted however by the
way in which the individual production lengths of a cable are |
spliced tcgether.

The fa;ourable method is systematic splicing, i.e. identical
terminais are connected together. Random splicing reduces near-end
crosstalk attenuation and means that the spacing between regenerators
has té be reduced. When systematic spliciqg.is employed, it is
advisable to route the two transmission direction in pairs which are

widely separated or in two separated cables.
Utilisation of existing facilities:

If a number of cable pairs are loaded, the line may be configura-
ted to allow installation of loading coils, which can be utilized
economicylly for the repeater installjtion. In this case, actual

loading sections are chosen as the repeater sectionse.

The nominal loading section specified by an H-code{US specifi-
cationl}, is 1.83 Km and this spacing may be reasonable for a repea—

ter spacing of PCM line over a normal cable.
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4,4.2 The Parameters required for the Investigation:

The following cable data will be required for calculating the vari-

ous parameters of digital communications:

i) chf = Near end crosstalk value in db. This value can be

measured as per Fig. 4.8.

Test ecircuit:

MDF - MOF
. ____lk Al
;:j - D 12082
1= : -1
0d3m | ; o
£~ 300~ 120004 Act i n-various pairs |
‘ I
% e =  nog
g - ¥

Fige. 4.8 : Measurement of Near end Crosstalk.
The near end cross talk attenuation is very important value., The

minimum value of acT should therefore be found within the frequency range

of 800 to 1200 KHz. The . 3¢y value of a 0.9mm, 400 pair cable was found

to be 53,5 db. Practical values might be 60 te 70 dg.

ii) a, = Cable attenuation in dB / Km.

The cable attenuation must be measured at 1024 KHz. The
value of attenuation is given per Km.

27 '
Cable attenuation a, per Km at 1 MHz as a function of the

mutual_Capacitance C and conductor diameter d is referred to a
Cablé termperature of T = 10°c. The f0116Wing equations are applied

depending on the cable dielectric :
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For PE cableis, a = 0.22 %

The value is about 15 db/Km in case of a.6mm cable and 11 db/Km

in case of 0.%mm PE cable.

a = Signal to noise ratio

5N

A signal to noise ratio (agp ) ©f 25 db is required (800 to
1.2 MHz) at the input of a regenerator . of a bit error rate (BER)

1310-7 is to be achieved for a line section with a mgximum of
) -6 23
32 regenerators. An error rate of 10 = has been recoghised

as tolerable for high quality PCM telephone transmission, although

this value has not yet been fixed internationally.

. 7
g{s.N) = sum related allowance is a factor dependent on standard2
deviation and number of PCM systems to be connected in parallel.
For 5 systems the value is 10 . db and for one system the value isO

db. practicgl valugs lies between 10 to 15 db.

ap = Maximum section loss :

The maximum repeater section loss (ag) achievable in terms of

. 3
nearend crosstalk is calculated from 1 -

aR == - aCT - agn - o} (S.N).

Maximum repeater section loss should be confined within 40 db,
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4.4;3 Calculation of the Number of Repeaters Required.

| For imblementation of PCM transmission in different secticns of the
existing analogue networks without changing tﬁe present cables, it m;y be
necessary to adjust the number of repeaters on the basis 6f the average
cable attenﬁation and maximum section loss allowable between two PCM repea-
ters. The average cable #ttenuation of the existing system is obtained by
averaging over the measured data i.e.

L2 e (c/kn

ao = '3_ j o]

where j is the number of measurement.
The maximum allowable section loss an (dB/ km}between two PCM

repeaters has been defined in the previous section. In terms of a, and aR,

the length of repeater spacing {LRS) is given by

3R
LRS = (Km )
a

o]

For the first two repeagers at the.starting sections between two

exchanges the length of the starting section (LS) should be
LS = % LRS {(Km) : .

Let the distance between two consecutive exchanges be L {Km). Then the
number of repeaters required is given by

oL RS 4
LRS
Calculations for different major routes are shown in appendix-C,

R



Economy of PCM Systems:

Frequency Division Multiplexing (FDM) techniques for telephony.
primarily suited for Long-haul transmlission, are often unecondmical23
for short distances., In some countries, small-channel capacity systehs
on symmetrical paired cables do not prove eccnomical for distances of
less than about 15 to 20 km, where the inter- ffice trunk line distri-
bution is often highly concentrated. The reasons are that in FDM sys-
tems the costs for the terminal equipment,dominéte particulariy for

short-distance transmissione.

Signalling equipment associated with the telephone channel makes up
a significant part of terminal equipment costs., For FDM systems, this
signalling equipment is usually separate and constitutes a substantial
part of the total per-channel cost. In PCM transmission, signalling can

be conveniently incorporated with the primary multiplex equipment.

The channel filter of an FDM system makes uprabout 20 to 35% of the
tofal terminal cost. In PCM systems, however, an expensive channel filter
is not required.

If the system cost comparison is considered, it is preferable to
study the cost of the network includinglswitching and subscriber's ter-
minal equipment. According tS\Documents and proceeding of the study day
on Impact 6f Digital facilities on planning of Telecommunication Netwogfﬂ
presented by Sweden to CCITT's planning committee in 1980,. the éost
distribution per subscriber's line in the traditional analog network
and the estimated cost distribution per subscriber's line when such
analog network is employed to the difgital network is estimated as in
Figs. 4.9 and 4,10, From fig. 4.10 it cén be observed that the cosf for
digital installation is 27% less compared with an analogue installation

for identicai_channel capacity.
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Discussion:

In this chapter a detailed study has been made on PCM Principles.
trans ission quality of digital signal, planning consideration, of PCM
system over the existing analouge environment. Calculations were carried
out for digital communication based on the measured data observed in

chapter 3.

It can be predicted that with the lntroduction of digital transmiss-
ion the Present 20% traffic hunt failure due to busy state of line/trunks
can be successfully overcome with the availability of higher transmission

capacity allocated for handling even severg {e¢le-traffic pressure in future.

From the analysis based on existing cable data the following results

are obtained:

1) The existing 0.9mm Polythene cables can be equipped with upto 5

PCM systems without further arrangement or restrictions.

ii) If more than 10 PCM systems are required in one line the
separation of sending and receiving directions is recommendeds
That measn one cable will be used for sendinding direction

and another one for receiving direction.

'1ii) The distance between repeaters is to be dalculatéd by using the
known quantity of cable data. The differente between measured
and real distance is less than 10 percent. As per cable data
given in chapter-2 the ohmic limitation of the different routes
&8 within the acceptable standard for implementation of PCM

system.



CHAPTER-5

AVATLABLE DIGITAL TRANSMISSION

SYSTEM OF THE WORLD.
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Introductions

Before going into the details of the commenly available digital

transmission systems historical background should be narrated.

Digital communicationg3 dates back to the telegraph. Many inventors
t;ied to transmit voice and music by code as in thetelegraph before
telephone was invented by Alexander Graham Bell, Differing from the
telegraph code, Bells invention handled continuous gquantities by chanaing
current according to changes in phonetic pressukef Since then, telephone
technology has developed on the basis of using the analog transmission
scheme to handle continous quantities, and the past forty years have seen

remarkable progress,

In the 1930s digital transmission again began to draw interest
because of the difficulties incurred with multiplexed transmission through
a single line. 1In the early days of analog frequency division multiPlexw-
ing (FDM) transmission, filters were very sophisticated and expensive,
and crosstalk between channels was considered an almost unsolvable
Problem. Some researchers then began to wonder if multiplex transmission
in which channels are successively sampled was not more feasible than
conventional FDM multiplex transmission where channels are allocated one

by one across a spectrum,.

The first research on time division multiplex systems started around
1930 in the Pulse amplitude modulation (PAM) scheme. This scheme, however,

had the drawbacks of considerable crosstalk, external noise and. distortiona.

In 1937, Alec. H. Reeves, of ITT Laboratories found that it was possi-

ble to change the combination of pulses (O and 1) as the input veice signal
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changeds He eventually developed the concept of PCM{Pulse code modula-—
tion) in which each sampled voice signal is ccded into a combination of

pulses for transmission.

After world war II, the wide band and cost barriers were comple-
tely removed by the advent and rapid development of transistors and othef
semiconductor devices,. Researchers began to study the application of
PCM systemlto interurban transmission systems about 1954 when commerical

semiconductors began to appear.

Operational PCM Systems:

There are three typeg6 of operational PCM system available in the

wo;ld:

i) The USA 24 channel system -
ii)  The UK 24 channel system.

1ii) The Euroupen 30-channel system.

The 30-channel-system is now the CCITT international standard adopted by
many countries including UK-and other European countrijes, and sub~conti-
nent for regional use, and all countries for international use. The CCITT
have agreed to the 24 channel USA (T4} system as an alternative standard
for international communications as is used in the USA, Canada and Japane
The UK 24 channel system, which continues to be used nationglly, has now .

been superseded by the CCITT international and regional 30-channel systems,
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Features of the Transmission System PCM 301

The Primary transmission system24 PCM 30 Permits Simultaneous
transmission of 32 calls via two symmetrical wire pair of an audio .cable.
Schematic representation of a PCM transmission is shown in Fig.

5.1 :« For this Purpose 30 channel time slots are Provided. Anotﬁer
two chaﬁnel time slots serve for conveying synchronizing and signalling

information and alarms.

S5e3.1 Pulse Frame:

Pulse frame: 1In analogue system we call a VF channel = 0.3 to 3.4 KHz
bandwidth. In digital we call a VF channel = 64 K bits. Because samp—
ling rate is B KHz and 1 sample 15 8 blt. Sc total number of bits=8x8

kbits = 64 kbits,

The 32 channel time slots of a tranmission system PCM-30 form per
sampling interval, 125}15 of a pulse frame. 30 are for speech, one for

Frame alignment.

The pulse frame structure is shown in fig. 5.2 which indicates thats

Each pulse frame is made up of 32 channel time slots each slots

comprising B bits. Hence. a pulse frame comprises 32x8 = 256 bits.

The channel time slot dvuration is 125}45 / 32

= 3.9 ps.

-~ The 32 channel time slots of the pulse frame are numbered as
followss

= Pulse frame alignment signal or service word (in alternate

frames}.
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1 & . .o 15 and )

_ ) Speech channels,
17 .. . . .o 31 )
16 Signalling channel.

= The repetition rate of the pulse frame is B000/s.{sampling

frequency = 8000Hz).

Bit rate:

—_— Eight bit enéoding is used giving 256 levels to represent the
épeech samples, Each digit thus occupies 3.9/8 =0.488 ',JS made up o’

of an 0.244 ps pulse and 0.244}JS seperation,

— The bit rate per channel time slot is obtained by multiplying
the number of bits per chnnel time slot with the repetition rate:

B bits x 8000/s = 64 kbits/s.

—— The bit raté of a PCM 30 transmission system having 32 channel

time slots is 32 x 64 kbits/s = 2048 kbits/s= 2.048 Mbits/s.

——-  The Permissible tolerance of the PCM 30 transmission system

bit mte is + 50 bits/s, referred to 106 (5 x 10—5).

Multiframe:

Multiframe: Duration of each time frame is 125 FSec. 16 numbers
of time frame together forms a multiframe. Duration of a multifra-

me is 125,15 X 16 = 2 Ms,.
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5.3.3 Signalling:

Signallin%5 {e.g. answer, clearback and dial signals) is provided

[y

for in Time sloct 16.

Two types of signalling are available for PCM 30 transmission

systems.
al Channel-associated signalling for 30 speech circuits
b) Signalling via common channel with 64 kbits/sec.

In case of channel-assoclated signalling (Table 5.1) time slot
{(TS) 16 is subdivided so that particular bits are avallable for each of
30 Telephone chnnels. For this.reason, 16 pulse frames are combined
to form a multiframe. A bunched multiframe alignment signal in channel
Time slot 16 of pulse frame O is transmitted at the start of the
mu1£iframe. The bit pattern of this bunched multiframe alignment signal
is "CO0C". Each of the chamnel time slots 16 in a multiframe are divided
into two groups of 4 bits (a, b, ¢, d}. One of these 4 bit goups in the

multiframe is allocated to each of the 30 telephone channels for signalling. -
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Pulse frame

Bits in channel time slots 16

nos, a b c d a b c d
Q O. O 0 0 X Y X X
1 Telephone channel 1 Telephone channel 16
2 Telephone channel 2 Telephone channel 17
3 Telephone channel 3 Telephone channel 18
4 Telephone channel 4 Telephone channel 19
S Telephone channel 5 Telephone channel 20
6 Telephone channel 6 Telephone channel 21
7 Telephone channel 7 Telephone channel 22
8 Telephone channel B Telephone channel 23
9 Telephone channel 9 Telephone channel 24
10 Telep one channel 10 Telephone channel 25
11 Telephone channel 11 Telephone channel 26
12 Telephone channel 12 Telephone chanriel 27
13 Telephone channel 13 Telephone channel 28
14 Telephone channel 14 Telephone channel 29
15 Telephone channel 15 Telephone channel 30

Table 5,1 :

Allocation of the bits in the channel time slots 16
of a PCM30 multiframe to the telephone channels for

channel-associated signalling.

0000

X

il

Y

reserve bit

bunched multiframe alignment signal.

bit for signalling failure of multiframe alignment.
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Thus the signalling rate per channel 1is 4 bit526 per multifrme

4 x Bk

= 2kbits/sec. This is in fact a very generous signalling
16

i.e
capacity which is permanently associated with a speech channel even when
there is no signalling taking place. The use of the 4 bits for signall=-=
ing ts shown in the following table 5.2. Clearly the use of the 2kbité/
sec signalling capacity is ﬁery poor from an informmation theory pcaint of
view but it does have the Practical merit of being simple and cheep to
install in a PCM multiplexer. In practice the PCH signalling units conta-
in the hybrid transformer which performs the two-to-four-wire conversion
(if required) and incorporates the pre-sampling low pass filter. Signa-
lling information is extructed from the co-direction and after signal
coding (Table 5.2) sent in TS 16 during the appropriate time in the

multiframe.

Table 5.2: Typical Allocation of Signalling codes:

Digits 1-4 or 5-8 Signalling condition Signalling condition

appearing serially inforward in backward direction
in TS 16. directione.

a b C d

1 1 1 1 Circuit idle Circuit busy

0 0 1 1 Circult seized . Called Sub-answer.
1 0 1 1 Dial Break -

0 1 1 1 —— Circuit Free

0 0 0 1 Trunk offer Manual held.

1 0 0 1 - | Coin fee checke

. . + . . +
1 1 o] 1 Disconnection Disconnection

A e e e e Em Ew em AR e mA Em e an SR e e e EE am R s am mm Ew MR A e am s R e mm mm mm g e
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'+' For use in-signalling units that extend AC type signalling by means
of phantom circuits derived from transformers associated with each PCM
signalling undt.

If timeslot 16 ( = 64 kbits/sec) is not to be used for channel-

associated signalling it can be used for transmitting other digitél sig=

nals, e.dg. for common chamnel signalling (CCITT Nc.6, 7) or for data

transmission.

Frame Alignment:

Time slot O is employed for carrying the frame alignment Pattérn

and alarm signals. The use of the available 8 bits is shown bel.w:

Y O ¢ 0 1011 Y 1 g X X X X
Alternaté framess Alternate frames
frame alignment | Not word
word.
where X : digits not allocated to any particular fitnction and set to 1.

Y : Resewed for international use (normally set to1l)
# : Digits normally O but changed to 1 when loss of frame

alignment occurs and/or system-fail alarm- occurse.

1 1
The spare capacity in the Not word alternate frames may be for network

synchronisation signallinge.

24 Channel System(Tl)

This system is used in America, Canada and Japan.
This system has a 125 ps frame with 24 time slots each 8 bits
aLIOCated to 24 speech channels., Speech normally is encoded intc 8 bits

using the p-law compandor.IuEvery sixth frame the least sidgnificant bit
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of each channel is used for chamnel assoclated signalling giving a 3.667.
KHz rate, The frame alignment pattern is carried by a sign bit at the
5eginning of the frame. Thus the frame contains 1+ 24x8 = 193 bits, the
gross system bit rate being 1.544 Mbit/sec. The line code is ADI/AMT

giving a line fundamental frequency of 772 KHz.

UK 24 Channel system:

The 125 Fs fraﬁe26 contalns 24 time slots each 8 bits allocated
to 24 speech is encoded into 7.bits using an A.LaQ_compander, occupying
bits of 2-B in time slot. Channel associated signalling is provided by
use of bit 1 of each channel every other frame giving a signalling range
of 4 KHz. The frame alignment patfern is conveyed by bit 1 of time
slots 9 to 24 in (non-signalling)alternate frames. Thus the frame con-
tains 24x 8 = 192 bits, the gross system bit being 1.536 Mbits/sec. The

line code is ADI/AMI giving a fundamental line frequency of 768 KHz.

Comparison of PCM Systems:

Table 5.3 displays the differing parameters for the three PCM
systems in operation. The UK 24 channel system is now superceded by the
CCITT international and regional 30 channel system. The USA 24-channel

system is the alternate CCITT system for regional use onlye.



90

Table 5-3 :Comparison of Commercially available
PCM Systems:

9 SYSTEM
PARAMETERS i CCITT i 24 CH, I 24 Channel
' ¢ }  uUsAa (T1) -} UK System,.
§ § )

No.of speech channels 30 24 ' 24
No. of 8 bit time 32 24 24
SlOtSo
No. of encoded bits 8 8e 7
forspeech.
Encoding law A H . : A
Signalling Bunched in 1 bit per chann- 1 bit per channel

TS 16, 4 bits el every & ‘every other frame,

per channel frame,

every 16 frames
Frame alignment 7 bits bunch- 1 bit per frame 16 bit distributed
pattern, ed in TSO between TS 9-24- _

' alternate frames.

Bits per frame 256 193 . 192
Bit rate ' 2.048 Mbit/s.  1.544 Mbit/s 1.536 Mbits/a.
Line code, ' HDB3 ADI/AMI ADI/AMI,

Note: *7 when channel associated signal bit is used in every 6th frame.
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Higher Order Digital Systems:

The PCM Systems may be further Time Division Multiplexed to higher
capacity digital line systems. The international Telegraph and Telephone
Consultative Committee {(CCITT) has during recent years agreed on a trans-

mission hierarchy on which many national PCM networks are now based.

Two main hierarchies22 existing within the world today (Fig.5.3,
5.4 } are those based on a time division multiplexer that a word inter-
leaves 30 éeparate speech channels {(European, African, South American
S5cheme}, and those that a word interleaves 24 separate speech channels
(North Amefican, canadian, Japanese; and the earlier British system}.
The functions performed by those equipments are identical Only the'freq_
uencies ipvolved are different due to the greéter bandwidth requirement

for accomodating 30 channels compared to 24,

PCM 30 hierarchy :
First order hierarchys

The binary digit information rate, or bit rate, at the output of
the 30-channel multiplex is 2.048 Mbit/s. This bit rate is obtainéd by
interleaviné 32 words, or time slots, before the cycle is repeated;
Thirty of these words contain the amplitude values from the 30-channel
voice signals, while the remaining two time slots contain digits that
are used for the synchronization of the demultiplexer to the multiplexer,
and signalling information. The transmission medium required fér this

Flivet order level are symmetricsl vabley Hedi@inkg oleph Fidbpe,
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Second—-crder hiérarchy;

The Second-order equipment contalns a multiplex that - combines
four signals each of bit rate 2.048 Mbit/s into a signal of rate 8.448
Mbit/s. This multiplex contains no encoder and'performsthe vequired
operation by simply bit interleaving the four input signals. The channel
capacity for this Second-order is 120. Speciallsymmetrical cable, co-
axial caﬁle and Radio link are the.transmission medium for second order
equipment,
Third order hierarchy:

Four second order multiplexes are time division multiplexed to
form the Third ordeQ multiplex of 480 channel at 34,368 Mbits/sec.

Transmission medium used for this are special symmetrical cable,

co—axial cable of small dia, Radio link, glass fibres.

Fourth order hierarchy:

Four third order multiplexes are time division multiplexed to
form the fo;rth order multiplex of 1960-channel at 139.264 Mbits/s
{140 Mbits/s.) Trananission medium required for this types are co-axial
cable of small dia, Co-axial cable of large dié, Radic link and glass

fj_brEQ
Fifth order hlerarchy:

Four fourth order multiplexes are time  division multiplexed to
form fifth order multiplex of 7840 channel at 560 Mbits/s. The fifth

order still lacks international agreement,
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24=-Channel hierarchical Structure:

The equivalent bit rates for the 24-channel hierarchical structure

(Fige 5.4) as used in North America, Canada and Japan are:

Order , No. of Telephone Bit rate
Channels,
First order. | 24 1.544 Mbit/Sec.
Second order 96 . 6.312 Mbit/Sec.
Third‘order 672 44,736 Mbits/Sec.
Fourth order 4032 2744176 Mbit/Sec.
Discussion

In this chapter. a comparative study of the characteristics of commer—
cially available PCM systems was carried out., 1In accordance with the
CCITT recommendations PCM 30 has got the optimum properties and is

getting wide applications.
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In the preceeding chapters a study has been carried out on the
feasibility of digital transmission and reception of signal over the
existing analogue environment of telecommunication in Bangladesh. The
analogue environment, its advantages and disadvantages were studied
on the basis of data obtained from major communication routes. For
planning of digital system it becomes necessary to study the call hand~
ing capaCity’problems with multiplexing of analogue signals and possi-
bility of using the existing cables in different routes. These
parameters were discussed in chapter-3 after an extensive survey

of the existing network made in chapter-2.

It is found that the amount of matured telephone call depends
apparently on getting of the Line/Trunk. The Trunk/Line capacity can
be increased by using PCM system over existing cables. With the intro-
duction of PCM into the existing system Trunk/line'hunting' can be
increased and the rate of matured telephone calls will greatly

increase.

Different problems regarding the multiplexing of the analecg sig=-
nals are studied and it was found that it is affected by lnherent ther-
mal and shot noise, crosstalk due to Improper filtering and intermodu-
lation noise due to nenlinearities. It is also found that multiplexing
units like FDM of analecg signals are costlier than digital *FDM systems

for a given channel capacity.

The measured data of different parameters of the cables (shouwn
in chapter 3) reflects the conditionof cables. It is found that the
condition of cables from sher-e-Banglanagar to Mirpur and from Central
to Narayanganj is not satisfactory. The insulation resisfance In most

cases is very low,
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In chapter 4 it was analysed that about 20% traffic hunt failure
was caused due to busy state of line/Trunks. With the introduction of

digital transmission (PCM) this can be successfully overcome.

From the analysis of the existing cable data in chapter 4 the
following recommendations can be made in favour of digital &ransmission.‘
(PCM}.

i) Thg existing 0.9mm polythelene cables can be equipped wifh
upto 5 PCM systems in same cable wlithout further arrangement
of thé cables,

ii) If mere than 10 PCM systems are required in one line the
separation of sending and receiving direction is recommended.
That means one cable wlll be used for sending directlon and
another oné for receiving direction.

iii) The distance between repeaters ié to be calculated by using
the known guantity of cable data. The difference between

measured and real distance should not be les than 10 percents

It is also found from the cable data in chapter-3 that the ohmic
limitation of the different routes (except sher-e-Banglanagar to Mirpur
and Central to Marayanganj) is within the acceptable standard for imple-
mentation of PCM system,

It has been pointed ocut that any communication route can be designed
for digital transmission system if the probabilistic traffic data:and
cable specifications or medium characteristics (for wireless) are given.
With the availability of various commercial PCM products as discussed in

chapter-5, there remains the scope of consultative works to suggest BT&T
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' W
Board for selecting the appropriate equipment. PCM via optical
" '
fibre ‘is becoming promizing field of digital transmission. Investi-

gation in this line will he very helpful in the future development

works on the telecommunication system of Bangladesh,
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APPENDIX-A

Measurement of Cable Characteristics

1. Measurement of Insulation Resistance, Loop resistance and capacitance.

Spécification of the measuring equipment is as follows:
KABEL MESS KOFFER - KMK-VI
Cable test set - LN-903-013-01
F & G, WEST GERIMANY,
Measurements have been taken from main Distribution Frame(MDF)
of one Telephone exchange to main Distribution Frame (MbF) of another

exchange in accordance with the connection diagram shown in Fig. A-1. = __

;

MDF MDFI STATICN-B
2070 | ofatllhN-D
r | I
CABLE XA | A wire. '
TEST O —Q —
SET ! T — Loop fer
_ 1 Cable pair, '
i | reas
3 B wire, Z
b—-—-——-a | Loop
' resistanca,

! E ] |
°T

|

1.

—d

i

! {

Fig. A-1, Measuring Circuit for obtaining cable parameters.

Measurements: i) Insulation Resistance between

al A wire to earth and B
b) B wire to earth and A
ii) Loop resiséance.
Resistance of both A and B wire in ohm/kms
iii) Capaciténce.

Capacitance between A and B wire ( nF/km)
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The following measurements were taken by the above mentioned

equipment.
i) Insulation Resistanée between
a) ; A-wire to earth in Mega-ohms.
b) B-wire to earth in Mega-ohms,.
c) A-wire to B-wire in HMega-ohms.

ii} Loop resistance
Resistance of both A and B wires in ohms/Km.
iii) Capacitance

Capacitance between A and B wire in nF/Km.

2e Measurement of cable attenuatiorn at 1 MHz,.

The Specification of the Measuring equipments are as follows:

Signal Generator:'
Level Generator
PS-~12
W&G, West Germany

(Having impedance 124 ohms)

Level meter:
Selective level meter
SPM-12
W&G, West Germany,

(Having impedance of 124 ohms)
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‘As shown in Fig. A-2 the Signal Generator at 1 Mz is connected
between A-wire ;md B-wire of MDF of one exchange and with the help of
the level Meter attenuation is measured‘at MDF of another exchange.
The attenuation is measured in dB and dividing it by total 1engthl

attenuation in dB/Km is obtained.

STATION-A MDF : MDFI STATION-B
| - "4 .
1 MHZ | I
! ‘ i —
’,:;{‘;: ' : 1 Caule pair. i l/
' I B wire.} 3
Z=12L L - BAL | ! f 2=1Z4 0TBAL
' l ]

Fig. A-2 Setw-up for measurement of cable attenuation,
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Appendix-B

Coding laws {non-uniform coding)

Non-uniform coders used in modern PCM systems manage non-uniform
quantizing and coding together, according to one of two encoding laws,
-the A-law or the F—law. In either case, the encoding law 1is established

3
on the companding law and code assignmentz'.

1. A=law:

According to this law the quantizing level Y, for an input level x is

1

determined as

AX
Y1= . R R O“L_XL 1 /A,
1+ loge A -
_ __A+loge(AX)  1/p /X /1
Yy ® T"i+loger XL
where A = B7.6

The A-law, recommended by CCITT, Rec. G711, is a 13 segment piecewise

linear approximation of the value Y as illustrated in Fig. B-1 Table-~A.

.1,

2e J-=law (used in America and Japan mainly, and limited to the PCM=24

System)

According to this law the quantizing level Y, corresponding to an input

2

level x is determined as

v = loge (1 + u X ) , qz.x A} .

loge(1+ u ) =

where 3 = 255,

The P - law, recommended by CCITT, Rec. G711, is a 15 segment

plecewise linear approximation of the value Y., as illustrated in Fig.B-1

2
Table-B.,
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The working range of the coder is indicated by the input .value
normalized to 1.0 in Fig. B-1. This value, . 1.0 at maximum, must coin-
cide with the load capacity of the PCM system. The loadlcapacity is +3.14

dBmO in the case of the A-~law, and +3.17 dBmO in the. case of the p-law.

The working range can be also expressed with 4096 times of the
normalized unit value which corresponds to a half of the minimum decisioﬁ
value in the A-Law at the lowest level segment. In the case of the u-law,
the working range is expressed with 8159 units and a unit corresponds to

the minimum decision value,
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' Calculation of the Number of Repeaters Required

Moghbazar-Central:
Length = 3. TKm.
ao = _:;_. 2. aoj (j = no. of measurement).
J t
J

ao =

"105

9.7 + 9.7+ 9.8 4+ 11.0 + 9.4 + 9.5 + 9.4 + 9.5+ 9.5+411,1+49.9

11

= 9,86 db/Km at 1 MHz measured.

Maximum Section Loss (aR):

aR = aCT - asn =~ q (s.n).

acT = 53.5 measured for 0.2 mm cable,
ash = 20 assumed

aR = 53.5-20-q(s.n) (one system),

= 33.5 dB (for one system)
aR = 53.5-20-10(dB) (five System).
= 23.5 (for five system).
Length of repeater spacing (LRS)

LRS = B8R_ _ _23,5 = 2,38 km.
g 9.86

Length of the starting section (LS)
LS = LRS x 0.5 = 2.3Bx0.5 = 1.1%Km,

No. of Repeater (R) :

R = Total length - 2 Ls +1
LRS
- 3.7 = 2x 1.19 +1 = 2.

2.38



Moghbazar to Shere-e-Banglanagars

Length = 3.6 Km.

Cable attenuation/Km (40) :

20 = 14.5+ 14.6+ 14.5+14.6+14. T5+14,6+14.6414.6+14. 4 +14.8

106

+14.7

11

14.6 db/km.

Maximum Section Loss (aR):

aR = acp = asN - g (sgn}s

55-~20-10 (for five system)
= 25 db.

Length of repeater spacing (LRS} @

LIRS = 2R = _25 = 1,71km.

8 14.6

Length of the starting section (LS):
LS = LRS x O.S = 1.71 X 0-5 = 0086 ke

No. of Repeater{(R):

S N- £ P
1. 71

Shere-e-Banglanagar — Mirpur:

Length = B,.,4 km cable ¢  .9mm dia.

ao = 0.22 x a
= 0.22 % ﬁg%;ll_ - 8.78 db. 9 db/km.
aR = aop l- asN = g (S.N)
= 55-20-10

25 dB.

n
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LRS =  _22 = 2.77 km
g
LS = 2.77% 5 = 1.38km.
R = .8._‘...4_;__2_'—'.714- 1 = 3
2.717

Moghbazar to Gulshan:

Length. = 6.2 km.

Cable attenuation{ao) :

ao = 12.0412.0+ 11.8+11.8+49.2+49.249.249.2+9.2+13,9+13.7
11

11.01 db/km

it

Maximum section loss{aR)

aR = acp - aSN - g (S.N), (ae=55db measured).

I

55-22-10 asSN = 22 assumed.

33dB.

Length of Repeater Spacing (LRS):

LR = 2B _ 33 = 2.9%m.
ao 11.01
LS = LRS X 0s5

2.99 x 0.5 = 1.4%m.

H]

6-2 — 2-99 + 1
2.99

No. of Repeaters (R) =



Central-Narayanganjs:

Length = 18.3km.

ao 0.22x%

0.22% Eﬁ.

0.9
8,31 db/km.

[

~

i

9 db/km.
Maximum section loss (aR} :

aR = aCT - aSN ~ q (S.N)

i

55-20-10(for five system).

i}

25 db.

Length of the repeater spacing (LRS):

aR - _25  _ 2.7km.
LRS = a0 g

Length of the starting section (LS):
Ls = LRS x 0,5 = 2.7 X 0«5 = 1,35km,
No. of Repeater (R):

R - 18.3 - 2.7 + 1

7 repeaters.
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