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C.C.I.T.T. 
IN MELBOURNE 

TELEGRAPH AND PLAN 
SEPTEMBER, 

COMMITTEE MEETINGS 
OCTOBER, 1966 R.D. KERR* 

INTRODUCTION 

From 7th September to 26th October, 
1966, various units of the C.C.I.T.T. 
(International Telegraph and Telephone 
consultative Committee) meet in Mel­ 
bourne. The general description of the 
organisation of the C.C.I.T.T. was given 
in the October 1963 issue of the-r 
Journal (Ref. 1.) on the occasion of 
the meetings of the Telephone Switch­ 
ing Study Groups in Melbourne at that 
time. (See also Refs. 2 and 3.) In com­ 
ment on this further series of meetings, 
it must be explained that the technical 
work of the C.C.I.T.T. falls essentially 
into four departmentsr+- 
Telephone Switching and Signalling 
Telephone Transmission 
Miscellaneous Activities, including 

corrosion, protection, vocabulary 
and symbols 

Telegraphy 
In the latter department there are six 

Study Groups dealing with questions 
concerning the techniques of telegraphy, 
namely:- 
Study Group I - Telegraph Operation 
and Tariffs 

Study Group VIII - Alphabetic Tele­ 
graph Apparatus 

Study Group IX - Telegraph Trans­ 
mission 

Study Group X - Telegraph Switching 
Study. Group XIV - Facsimile Tele­ 

graph Apparatus 
Study Group (Spee. A.) - Data Trans­ 

mission 
Of the foregoing, Study Groups I and 

X have meetings in Melbourne. As 
well as these Study Groups, there exist 
a number of Working Parties which 
deal with questions which cover a broad 
field of study impinging on both operat­ 
ing, switching and terminal equipment 
and which, in consequence, concern sev­ 
eral of the regular Study Groups. Among 
these are Working Parties to study - 

Message Re-Transmission 
World-Wide Telex and Gentex 
Efficiency Factor in ARQ Systems 

These also will hold meetings in Mel­ 
bourne in conjunction with Study 
Groups I and X. 
The method of operation of the 

Working Parties is to study very com­ 
plex questions and to submit draft re­ 
commendations. in their areas of in­ 
terest, to the responsible Study Groups. 
This arrangement might be criticized in 
theory on the grounds that it provides 
too many points at which review could 
take place, but, in practice, it has work­ 
ed very well in the telegraph area be­ 
cause the Study Groups have been pre­ 
pared to accept the Working Parties' 
reports on the questions under study. 
The alternative Working method of 
studying a complex question in one 
Study Group, referring it with an opin­ 
ion to another and continuing this pro­ 
cess while all sides of the question are 

• Mr. Kerr is Assistant Director General. Sub··· 
scribers Equipment, Telegraphs and Power 
Headquarters. 

examined, is apt to prove much less 
satisfactory. During recent years Aus­ 
ualia has taken an active part in the 
work of these Study Groups and Work­ 
ing Parties, and this is one reason why 
the invitation was issued, and accepted, 
at the 1964 Plenary Assembly in Gen­ 
eva, to hold meetings in this field of 
study in this country. 
In the recent development of inter­ 

continental telephony, it is perhaps easy 
for it to pass unnoticed that intercon­ 
tinental telegraphy has also developed 
rapidly; indeed, in the case of Aus­ 
tralia the number of international Telex 
calls to and from Europe, the Americas, 
Africa and Asia total 238,000 for 1964- 
65, while the international telephone 
calls to and from these places total 
237,000 in that year. In the Telex case 
these calls were connected to little more 
than 2,000 Telex subscribers, while the 
telephone calls were to some 2 million 
subscribers. The traditional internation­ 
al telegraph service has continued to 
grow and, as well as the Telex service, 
there has been a great increase in leased 
international telegraph private lines so 
that, in all, Australia's international 
Telecommunications Authority - the 
Overseas Telecommunications Commis­ 
sion - still receives the larger part of 
its earnings from telegraph sources. 

As well as the Telegraph Study Group 
and Working Party meetings mentioned 
above, the Plan Committee for Asia 
and Oceania (Chairman - Mr. Vasu­ 
devan, India) meets at the same time. 
The work 'Of the Plan Committees which 
exist on a regional basis within the 
C.C.I.T.T., and with representation 
from the C.C.I.R., is to review the re­ 
quirements for international telegraph 
and telephone circuits to be provided, 
both by land-line, submarine cable and 
radio (including satellites), within the 
region concerned, so that all adminis­ 
trations are conversant with the region­ 
al plans for overall development of in­ 
ternational telecommunications. As a 
matter of interest, Australia is now in­ 
cluded in the Plan Committee (Asia and 
Oceania), and this came about at 
the 1964 Plenary Assembly in Geneva 
on the sruggestion of one of the Vice­ 
Chairmen. Mr. Vital of Mali, a sug­ 
gestion with which Australia agreed. 
Turning to the work of the Telegraph 

Study Groups and Working Parties, 
which meet in Melbourne, the following 
summarises the posi tion :- 

STUDY GROUP I - TELEGRAPH 
OPERATION AND TARIFFS 

(Chairman - Mr. Vargues, France) 
As the name indicates, this Study 

Group is primarily concerned with traf­ 
fic and charging aspects of the inter­ 
national telegraph services, but as in 
all telecommunications activities the 
inter-play of what operational facilities 
are desired, what technical facilities 
are possible, and what these will cost 

and their practicability mean that most 
questions have many facets, technical, 
traffic, accounting and administrative. 
Among the questions under study is 

a group dealing with the principles of 
charging for Telex calls. With calls 
transrtting several countries, the dis­ 
tribution of charges among the various 
administrations has been determined, in 
the past, by agreed clerical procedures 
on manually-ticketed calls. However, 
the advent of automatic working has in­ 
creased difficulties here as there are dif­ 
ferences in the methods of metering 
or automatic ticketing in the various 
systems, while there are substantial in­ 
vestments in the plant already installed 
in the various national networks, and 
the established clerical procedures can 
no longer be simply applied. 

A further group of questions relates 
to charging for telegrams, which has 
been traditionally based on wordage. 
This system does give considerable op­ 
erating complications and does tend to 
place a high penalty, discouraging long 
telegrams, in comparison with short ones 
so that new possibilities are being ex­ 
plored. Yet another group of questions 
relates to phototelegraph services for 
which the established procedures and 
charging methods have been determined 
in the context of point-to-point opera­ 
tion. With improvements in phototele­ 
graph equipment, and with the advent 
of inter-continental telephone cables it 
bas now become possible to provide for 
complex multi-point phototelegraph 
transmissions. Within the Common­ 
wealth system these have already been 
established for some years and agreed 
standards are required for general inter­ 
national working in this way. Other 
important questions which concern this 
Study Group are dealt with in more 
detail in connection with the working 
parties. 

STUDY GROUP X - TELEGRAPH 
SWITCHING 

(Chairman - Mr. A. Jansen, 
Netherlands) 

This Study Group is concerned with 
switching and signalling techniques for 
the Telex and Gentex services. Al­ 
though the Telex service is well known 
to Australian readers, the Gentex ser­ 
vice is possibly not so well known. A 
number of countries, mostly in Europe, 
operate automatic direct switched net­ 
works which interconnect Post Offices 
and permit telegrams to be transmitted 
from the office of origin to office of 
destinati'on. Technically these networks 
are similar to the Telex service, but 
there is no need for metering and some 
networks do incorporate special 
facilities such as "camp-on-busy" 
and automatic "spill-over" into positions 
in major telegraph centres if a requir­ 
ed connection cannot be effected in a 
stipulated time. These systems have 
been interconnected internationally, and 
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are known as the Gentex service. Some 
countries use separate networks for Tel­ 
ex and Gentex, while others actually use 
the Telex network for both services; al­ 
though in these latter cases there is 
often some sort of barring of access 
between the two groups of terminal 
stations. 

The basic standards of signalling for 
these systems have been established for 
some time but there is a constant need 
for revision and refinement of these 1 

standards to match the increasing com­ 
plexities of world-wide operation of 
these services. 

The particular problems of number­ 
ing and signalling over inter-continental 
circuits are being given special consid­ 
eration in the Working Party 'on World­ 
wide Telex and Gentex, while those for 
message relay working are with the 
Working Party on Message Re-transmis­ 
siou. 

A new area of investigation for this 
Study Group is the extension of the 
Telex service to provide f:or speeds and 
codes other than the 50 baud, 5-unit 
code (international alphabet No. 2) 
which has been rigidly standardised 
hitherto. In particular, the possibility 
of operation at up to 200 bauds with 
the prop'osed new 7-unit information 
code is envisaged by a .nurnber of ad­ 
ministrations. 

WORKING PARTY ON MESSAGE 
RE-'IRANSMISSION 

(Chairman - Mr. Bonacci, Italy) 
As in Australia, where the message re­ 

lay system, TRESS has been introduced 
to eliminate manual operations in the 
Public Telegraph Service at intermed­ 
iate telegraph offices so, in the inter­ 
national sphere, there has been an in­ 
terest in introducing equivalent sys­ 
tems. These may take many forms rang­ 
ing from simple torn-tape relay systems, 
such as have been widely used for leas­ 
ed networks within Australia, to electro­ 
mechanical automatic switching systems 
with perforated tape storage, and to 
computer-based systems which function 
essentially as time division electronic 
switching systems with control by com­ 
puter and magnetic storage of informa­ 
tion. 

Each of these systems has an econ­ 
omic place but their inter-connection in 
a world-wide network requires inter­ 
national acceptance of standardised 
routing codes and message formats. 
During recent years considerable pro­ 
gress has been made in this direction, 
but procedures in respect of special 
classes of traffic remain to be determin­ 
ed and there are substantial problems 
in inter-operation between domestic 
systems, particularly those using Gentex, 
and the international system, For the 
greatest advantages to be achieved, 
these problems cannot be treated only 
as a matter of national responsibility 
and this is generally accepted. Further 
studies are therefore being directed to 
the establishment of internationally 
standardised procedures which will fac­ 
ilitate the inter-connection of a wide 
variety of national systems. With the 
progress which has already been made, 

the Overseas Telecommunications Com­ 
mission is currently considering the in­ 
stallation of a message relay switching 
system for Australia's international tele­ 
graph service. 

It is interesting to note that although 
Gentex provides a technical alternative 
to message re-transmission for inter­ 
national working, and indeed several 
nations using Gentex did not see the 
need for any alternative, the advantages 
of message re-transmission systems, par­ 
ticularly over inter-continental circuits, 
are now generally acknowledged. 

WORKING PARTY ON WORLD­ 
WIDE TELEX AND GENTEX 
(Chairman - Mr. Gosewinckel, 

Australia) 
As originally determined, the stand­ 

ards for international Telex and Gen­ 
tex were evolved in the context of the 
European system. When the ARQ 
multiplex, and later the inter-continental 
telephone cables, made possible the 
world-wide interconnection of these sys­ 
tems, a new series of technical problems 
had to be faced. This working party 
was formed to deal with these problems 
and has made a good deal of progress 
in the establishment of a global num­ 
bering plan. Because the operating and 
administrative arrangements for inter­ 
national telegraphy differ from those for 
telephony in many countries, the Telex 
numbering plan, although similar in 
concept to the telephone plan, must 
differ considerably from it in detail. 
Also, progress has been made in the 
evolution of a high-speed signalling 
system. Aspects which require further 
study are routing arrangements which 
retain the necessary technical and com­ 
mercial flexibility in an automatic sys­ 
tem as has been achieved with manual 
switching, the requirements of inter­ 
national accounting for charges, and the 
transmission characteristics of a world­ 
wide network, 
As all of Australia's international 

traffic is also inter-continental traffic, 
we have played an active part in this 
working party. This was recognised 
at the last Plenary Assembly when Mr. 
W. G. Gosewinckel, of the Overseas 
Telecommunications Commission (Aus­ 
tralia), was appointed chairman of the 
Working Party to fill the vacancy which 
occurred when Mr. Vargues became 
chairman of Study Group I. 

WORKING PARTY ON EFFICIENCY 
FACTOR 

(Chairman - Mr. Wilcockson, Great 
Britain) 

Firstly, it must be noted with regret, 
that the Chairman, Mr. Wilcockson, has 
recently deceased. Mr. Wilcockson had 
been associated with the development 
of automatic teleprinter switching in 
the British Post Office for some time, 
during which he had been a British 
delezate to many C.C.I.T.T. meetings, 
so that his wide ·knowledge, experience, 
and cheerful personality will be missed 
from the Telegraph Study Groups. 

A great deal of the progress which. 

has been made in the development of 
inter-continental Telex working may be 
attributed to the introduction of the 
ARQ multiplex. This system, using 
automatic conversion from 5-unit code 
start stop working on land line net­ 
works to 7-unit synchronous working 
with automatic detection of errors 
and their correction (ARQ) in trans­ 
mission over HF. radio telegraph cir­ 
cuits, was originally evolved by the 
Netherlands P.T.T. in association with 
Radio Corporation of America. It has 
achieved world-wide acceptance, but with 
the extension in its use, some inherent 
problems must be faced. Under bad rad­ 
io conditions the error detection/correc­ 
tion cycle may operate so frequently as 
to seriously reduce the traffic-carrying 
capacity of the channel. Administrations 
are consequently faced with problems 
in deciding at what stage the channel 
should be considered unserviceable and 
"busied out", at what stage of unservice­ 
ably, established calls could be "broken 
down", and what adjustments should be 
made to charging when traffic capacity 
is reduced. The "efficiency factor" has 
been used to measure the performance 
of ARQ systems, and this is how the 
Working Party dealing with these ques­ 
tions gained its name. 

CONCLUSION 

No account of the work of the Tele­ 
graph Study Groups would be complete 
without a mention of the C.C.I.T.T. 
Secretariat. These international civil 
servants handle the documentation of 
the C.C.IT.T.'s work, translation and 
interpretation facilities, and liaison be­ 
tween the various international author­ 
ities interested in communications. Apart 
from the other sections of the Inter­ 
national Telecommunication Union, 
these include such diverse groups as the 
World Meteorological Organisation, In­ 
ternational Civil Aviation Organisation, 
International Standards Organisation, 
and others. The Secretariat is quite 
small, totalling only about 30 persons, 
including all administrative and clerical 
personnel as well as engineering. Of 
these, Mr. Besseyre, Senior Counsellor, 
who has had a long association with 
the former C.C.I.T., as a French dele­ 
gate, and as a member of the Secretar­ 
iat, and latterly with the C.C.I.T.T., 
and his assistant, a Japanese engineer, 
Mr. Okabe, deal with the Telegraph 
Department's affairs. 
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Mr. R. D. Kerr of the Australian Post Office 
and Mr. W. G. Gosewinckel of the Overseas 
Telecommunications Commission (Australia) 
inspect a sub-assembly from an O.T.C. semi- 

automatic telex position. 

Mr. E. STEWART 
Four prominent personalities in Aus­ 

tralian Telecommunications, E. Stewart 
(Headquarters Postmaster-General's De­ 
partment) S. Jones (Standard Telephones 
and Cables, Sydney) T. Skelton (Post­ 
master-General's Department, N.S.W.) 
and H. Robertson (Postmaster-General's 
Department, Victoria) began their car­ 
eers together when they qualified at an 
appointment examination for Junior 
Mechanics-in-Training, Postmaster-Gen­ 
eral's Department held in Victoria in 
September, 1921. Three are still active 
in telecommunications, but one, Mr. 
Stewart, retired recently from the De­ 
partment, an occasion which the Board 
of Editors wishes to mark with this 
brief reference to an outstanding car­ 
eer. 

After completing the Junior Mechanics 
course Mr. Stewart was appointed Cad­ 
et Engineer in 1925. He qualified as 
Engineer, Postmaster-General's Depart­ 
ment at an "Open Engineers" examina­ 
tion and was appointed Engineer in 
1927. He moved to Central Office in 
1928 and spent 6 years in the Trans­ 
miss-ion Section before transferring to 
the Research Laboratories where he was 
promoted Divisional Engineer in 1935. 
At this time, he was associated with the 
design and installation-of the 6WF rad­ 
io broadcasting transmitter in Perth, 
Western Australia. In 1936 he was 
promoted Assistant Supervising Engineer 

in the Research Laboratories and during 
World War II, was associated with 
radar investigations in liaison with the 
Radio Physics group in C.S.I.R.O. 

Mr. Stewart's career entered a new 
phase when in 1950 he was appointed 
to the newly created position of Super­ 
vising Engineer, Technical Planning 
(later Systems Planning) in Central Of­ 
fice. Co-ordination of planning activit­ 
ies in the various Plant Sections and 
provision of high level planning ad­ 
vice to the Engineer-in-Chief became 
major tasks. In addition, he conducted 
preliminary investigations into overall 
problems which rapid post-war growth 
were bringing to the Department, par­ 
ticularly in the Sydney and Melbourne 
networks. During the late 1950's as a 
member of the, Radio Frequency Alloca­ 
tion Review Committee he was engaged 
on special assignments. concerned with 
the re-allocation of radio and TV fre­ 
quencies in Australia. 
In 1961 Mr. Stewart was promoted 

Assistant Engineer-in-Chief, Plant, Cen­ 
tral Office a position which became Sen­ 
ior Assistant Director-General Lines and 
Switching before his retirement from 
it on 31 December 1965. 
Mr. Stewart represented Australia on 

many overseas missions, e.g. Cairo 1938 
- first ITU Administrative Telephone 
and Telegraph Conference, and Atlantic 
City 1947 - ITU Plenipotentiary Con­ 
ference. In 1959 he led the Australian 
Delegation to the ITU Extraordinary 
Administrative Radio Conference at 

Geneva and in 1960 he became the first 
Australian representative to the ITU 
Administrative Council. 
An unhurried, friendly manner, a 

calm, logical approach and a quiet, un­ 
assuming persona_lity won Mr. Stewart 
many friends during his career in tele­ 
communications. The Board of Editors 
on behalf of the Telecommunication 
Society of Australia is very pleased to 
join with readers of the Journal in 
wishing Mr. Stewart the very best in 
his well earned retirement. 
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DEVELOPMENTS IN TELEGRAPH MESSAGE 
SWITCHING SYSTEMS K. B. CASEY, B.E., Grad.I.E. Aust.* 

Editorial Note: This paper was pre­ 
sented at the 38th ANZAAS Congress, 
Hobart, on August 17th, 1965. 

INTRODUCTION 

For many years telegraph message 
switching systems in Australia have 
been quite simple in equipment provi­ 
sion, relying almost entirely on the abili­ 
ty of human operators to achieve a 
satisfactory service. 
With the rapid expansion that has 

occurred in business and industrial cir­ 
cles in the last decade has come the 
need for fast reliable and flexible com­ 
munications, and this has been reflect­ 
ed into message switching as well 
as other communication media. The 
ever increasing labour costs have also 
been reflected into this field, placing the 
emphasis on automatic operation in pre­ 
ference to manual working. 

Message switching systems have 
found their application initially in the 
Postmaster-General's Department for 
handling the Public Telegram traffic, and 
subsequently in the Defence Depart­ 
ments, newspaper, airline and financial 
organisations, manufacturing industries 
and retail trading firms. Each organi­ 
sation established an independent net­ 
work, based on a central switching of­ 
fice with access to all out-stations or 
branch offices. The out-stations were 
equipped with a standard teleprinter 
and connected via P.M.G. land-lines or 
telegraph trunk channels to the switch­ 
ing centre. 

Such systems provide rapid and safe 
transmission of operational adminis­ 
trative or accounting information with 
the advantage of reception in the form 
most suitable for the area's needs, i.e. 
paper tape or page copy. 
The alternatives to such systems are:­ 
(i) The Postal System network; gen­ 

erally too slow for the transfer 
of operational information. 

(ii) The Public Telephone Network; 
generally too expensive in view 
of the volume of traffic and dis­ 
tances to be covered. 

(iii) The Public Telex Network; this 
network is quite satisfactory and 
is widely used where the traffic 
volumes are small, but becomes 
far too expensive for heavy traffic 
users. Further, the operating and 
message handling problems be­ 
come prohibitive with heavy 
traffic densities and with priority 
and multi-address messages in this 
system. 

Requirements of Message Switching 
Systems 

In order to appreciate the relative 
advantages of the message switching 

* Mr. Casey, at time of writing, was Engin­ 
eer, Class 2, Subscribers Equipment, Tele­ 
graphs and Power, Headquarters. 

systems to be discussed, it is firstly 
necessary to define the facilities which 
can be provided, and which are requir­ 
ed of message switching systems. While 
all the principal facilities are listed 
below it should be borne in mind that 
all of these are not required with every 
installation and many successful systems 
have been operated with quite a limited 
number. 
Requirements of message switching 

systems are:- 
(i) The ability to reliably handle 

traffic on a continuous on-line 
basis. 

(ii) To operate with minimum cross 
office switching delay. 

(iii) To incorporate facilities for 
checking the incoming message 
sequence number to detect lost 
messages. 

(iv) The ability to insert a sequence 
number on outgoing messages. 

(v) The ability to cross reference the 
incoming message sequence num­ 
ber against the outgoing message 
sequence number for message 
tracing purposes. This is com­ 
monly known as first line moni­ 
toring. 

(vi) The ability to generate check 
messages to be transmitted to line 
in low traffic periods in order to 
check the continuity of the line. 

(vii) The ability to handle multi-ad­ 
dress messages. 

(viii) The ability to handle priority 
messages. 

(ix) The ability, if required, to inter­ 
rupt the passage of a low priority 
message to an outgoing line when 
an extremely urgent message is 
to be transmitted. 

(x) The ability to store or file a his­ 
tory record of the messages as 
they pass through the system so 
that they can be retrieved and 
re-sent in the event of a lost or 
mutilated message. 

(xi) The ability to handle different 
transmission speeds on different 
lines. 

(xii) The ability to handle a number 
of message formats. 

(xiii) The ability to perform message 
format or code conversion. 

Message Format 

Since a message is to be transmitted 
from an outstation into the system with­ 
out any communication or confirmation 
with the receiving position at the switch­ 
ing centre or the destination station it 
is necessary for the originating station to 
clearly state the message address and 
other instructions and to sequentially 
number messages to avoid lost messages. 
In order to regularise these statements 
operating formats have been laid down. 
These formats vary from a very loose 

convention of start and end of message 
for manual tape relay, up to extremely 
complicated procedures requiring letter 
perfect transmission over approximately 
20 characters. In general, it can be said 
that the more sophisticated the switching 
system the greater the complexity of 
message format required, the greater the 
responsibility placed on originating 
operators and the greater the chance of 
equipment interruptions disrupting the 
transit of the message. 

Typically a message format is as fol­ 
lows:- 

(i) Start of address indicator - from 
one to four telegraph characters 
(typically ZCZC). 

(ii) Channel identification code and 
message sequence number. 

(iii) Start of address indicator - one 
or two telegraph characters. 

(iv) Message priority indicator - a 
two letter code. 

(v) Message address or addresses. 
Each address being a two to seven 
letter code. 

(vi) End of address indicator - one 
or two characters. 

(vii) Message text, i.e. the main body 
of the message. 

(viii) End of message indicator - from 
cine to four telegraph characters 
(typically NNNN). 

TYPES OF MESSAGE HANDLING 
SYSTEMS 

Manual Systems 

Fully Manual Torn Tape Rela,y: 
While it may not be strictly valid to 
refer to these systems as switching sys­ 
tems they do perform the functions of 
message transfer and are worthy of 
analysis in view of their simplicity and 
of the number installed. In Fig. 1 the 
principles of the systems are shown. 
The receive lines from the outstations 

am terminated on tape reperforators. 
An operator tears off each message, 
sorts it in regard to priority and address 
and inserts it at the first opportunity 
into a tape transmitter fixed to the, out­ 
going line. For multi-addressed mes­ 
sages, the operator must retrieve the tape 
from the first transmitter and re-insert 
it into subsequent transmitters. 
A log of message numbering is 

achieved by manually checking each in­ 
coming message sequence number 
against a check sheet, and numbering 
on the outgoing side is achieved by tab 
(that is short sequentially numbered 
tapes inserted before each tape), or alter­ 
natively by automatic equipment. As an 
additional safeguard against lost mes­ 
sages a first line monitor can be con­ 
nected to the transmitter so that incom­ 
ing and outgoing number sequences are 
cross-referenced. 
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Fig. I-Operating Principles of a Manual Relay Cenrle 

Systems of the type shown in Fig. 1 
have been quite popular in the past, 
undoubtedly because they can, so long as 
sufficient efficient operators are provided, 
satisfy all the requirements for switch­ 
ing systems set out above. However the 
physical problems of sorting, storing 
and transmitting become prohibitive as 
the number of lines in the system in­ 
creases beyond 20, particularly if 
these lines are heavily loaded. In quite 
small systems of up to ten lines an 
operator could be expected to handle 
up to 200 messages an hour, depending 
on the amount of message logging re­ 
quired. In large systems this figure 
falls considerably, due to the physical 
distance to be covered and the need for 
each message to be handled by two oper­ 
ators, one removing the tapes from the 
incoming machine, sorting and storing 
them in an intermediate rack, and a 
sending operator who removes the tapes 
from the rack and inserts them into 
the transmitter. 

Semi-automatic Line Selection Sys­ 
tems: In an endeavour to overcome the 
physical problems of handling a large 
number of torn tapes and to mini­ 
mise the number of .operators re­ 
quired, systems of the type shown in 
Fig. 2 were devised. 
Instead of individual transmitters be­ 

ing fixed to each line, a transmitter 
position is associated with a push button 
panel and is able to select any of the 
outgoing lines. By arranging the receiv­ 
ing reperforators in tiers within arm's 
reach of the operator who is seated in 
front of the transmitter it is possible 
for one operator to handle from six to 
ten incoming lines, depending on traffic 
loading, together with three transmitters. 
In this way, provided the system is 
adequately dimensioned and with opti­ 
mum grouping of reperforators and 
transmitters to facilitate traffic flow, it is 
possible for the operator to handle up 
to 300 messages per hour, thus achieving 
optimum utilisation of operating labour. 

SEND 
TRANSMITTERS 

OUTSTATION 
RECEIVE 

POSITIONS 

A distinct advantage of this system 
is that the time required to transmit 
multi-addressed messages is greatly re­ 
duced as the operator can select a com­ 
bination of out-going lines by pressing 
a number· of push buttons and simul­ 
taneous transmission can be made to 
each line from the one transmitter. The 
limitations on this type of system are 
physical, occurring when the operators 
can no longer reach the number of 
incoming reperforators or due to a reduc­ 
tion of operator efficiency as the trans­ 
mitters encounter switching delays be­ 
cause of increased outgoing traffic load- 
ing. ' 
This type of system achieves the most 

efficient use of manual operators and has 
been successfully operated up to 30 lines, 
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although this would appear to be ap­ 
proaching the maximum efficient size. 

A feature of manual systems which 
should be borne in mind when compar­ 
ing them to automatic systems is the 
relative inability of the manual operator 
to cope with traffic peaks. While 
operators can sustain a rate of 300 mes­ 
sages per hour, i.e. 12 seconds per mes­ 
sage, they are not capable, naturally 
enough of greatly reducing this handling 
time if a peak of traffic arrives, and the 
system then goes into delay, and can­ 
not be cleared until a considerable time 
after the peak has passed. As will be 
shown later the switching time of the 
common equipment of an automatic 
system even with the slowest systems is 
around one second and thus while traffic 
peaks may put the system into delay, 
clearance is effected much quicker, than 
with the manual working. 

Automatic Systems 
The obviorus advantages to be gained 

by automatic systems are the elimination 
of human operators, which affords con­ 
siderable savings in running costs par­ 
ticularly in large systems, a reduction in 
lost and mis-routed messages and a 
greatly decreased message switching 
delay. Further the physical limitations of 
system size and the congestion which 
occurs with heavy traffic peaks are 
eliminated. Since the human operator 
has been removed intelligence of the 
switching control must be placed in com­ 
mon control equipment which is of 
necessity complicated. The reliability 
of the system is therefore largely a func­ 
tion of the reliability of the common 
control equipment. Whereas with man­ 
ual systems a circuit fault puts one line 
out of service, a fault in the common 
eqruipment of an automatic system can 
prevent operation of the entire system. 
It is therefore essential, in order to 
achieve system reliability to duplicate 
common equipment and this considerably 
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Fig. 2-0perating Principles of a Semi-Automatic System 
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increases the cost involved, particularly 
for the more sophisticated systems. In 
operating automatic systems, it must be 
observed from the outset, that, whereas 
with manual systems the message for­ 
mat can be quite unrestricted relying on 
the intelligence of the operator to inter­ 
pret the address, with automatic systems 
the start and end of message and start 
and end of address indicators, together 
with the address and priority coding 
must adhere to a strict procedure. This 
places considerable responsibility on the 
originating teleprinter operator in order 
to ensure the transit of messages through 
the system. As a result more highly 
skilled operators must be employed at 
the outstations otherwise the advantages 
to be gained in automatic working are 
jeopardized by an excessive number of 
message re-runs. Alternatively, where 
skilled operators cannot be justified, for­ 
mat generating equipment can be asso­ 
ciated with the outstation teleprinter so 
as to insert the start and end of message 
sequence on each message. The oper­ 
ator is therefore only required to type 
the message text. Such equipment is 
not cheap and could rarely be justified 
at all outstations. 
Automatic systems fall into three 

basic types, classified by the method of 
message storage and logic control -­ 

Sequential access storage. 
Random access storage using fixed 

circuit logic. 
Random access storage using pro­ 

grammed logic. 
Sequential Access Storage: The stor­ 

age medium in this type of system is 
either paper tape or magnetic tape or 
core storage of small capacity. The 
basic mode of operation of these systems 
is shown in Fig. 3. 
As the message is received from the 

outstation and taken into the incoming 
store, incoming equipment scans the 
message for the incoming channel code 
and message sequence number to en­ 
sure that no messages have been lost. 
The output side of the store scans the 
message looking for the start of address 
indicator, then pauses for the common 
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control equipment to be connected. This 
feature is particularly necessary when 
the cross office transmission speed is 
greater than line speed to ensure that 
the cross office connection is not held 
unnecessarily due to the read-out of the 
store catching up to the read-in. 
When the common equipment is con­ 

nected, the address of the message is 
read from the store into the common 
equipment where analysis and selection 
of the outgoing line takes place, and 
also into a small capacity store so that 
it will be available for re-transmission 
to the outgoing line. 

Once connection has been made to 
the outgoing line, the common equip­ 
ment is released and a, test is made to 
determine whether the outgoing line is 
busy or free. If busy, the transmitter 
must "camp-on" the outgoing line, and 
continue to retest until the line becomes 
free. When free, the automatic number­ 
ing equipment associated with that line 
inserts the heading line of the message 
including an outgoing channel number. 
The address is sent from the address 
store, followed by transmission of the 
message text from the incoming store. 
On the end of message indicator the 
cross office connection is released. 
Transmission of the message from the 

outgoing store to line can commence 
immediately the message starts to arrive 
at the input side as speed changing is 
usually from a higher speed of cross 
office to the lower line speed. 
The sequential nature of the incom­ 

ing store imposes the limitation that 
messages can only be taken from the 
store in the order of their arrival. Thus 
if a message at the head of the queue 
is waiting to switch, all other messages 
behind it in the store are in delay. 
This delay can be avoided if a pool 
of intermediate stores are provided such 
that instead of a message "camping-on" 
a busy line, it is diverted into an inter­ 
mediate store thus allowing the next 
message in the queue to be switched. 
The provision of these intermediate 
stores is quite expensive and they are 
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Fig. 3-0perating Principles of a Sequential Access System 
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provided only with the more sophisti­ 
cated systems. 

Provided certain traffic loading condi­ 
tions which are beyond the scope of 
this paper, are satisfied, systems of this 
type can efficiently handle large volumes 
of traffic with cross office delays of less 
than one or two times the message 
length, and can readily switch up to 3000 
messages per hour. 
In general sequential access storage 

systems do not lend themselves to hand­ 
ling priority or multi-address traffic 
Again because of the limitations of 
sequential accesses, a priority message 
arriving behind a number of low priority 
messages cannot receive attention until 
all the other messages ahead of it have 
been switched. Obviously this results 
in considerable delay to the priority 
message. However, once the priority 
message has reached the head of the 
incoming queue it is relatively easy to 
arrange for it to be given preference in 
gaining access to the outgoing line, or 
alternatively it can be switched via a 
special outlet which by-passes the out­ 
going store and be sent directly to line. 
With multi-addressed traffic the limit­ 

ation is imposed by the capacity of the 
address store to hold a number of 
addresses and for reasons of economy 
this is usually limited. This limitation 
can be avoided if reversible transmitters 
are employed. Such transmitters read 
the message header into the common 
control, and then reverse back to the 
start of address of that message, so that 
the address can subsequently be sent to 
line. Further, as a multi-addressed mess­ 
age has to switch to a number of lines, 
complications arise if on testing these 
lines not all are free. The message must 
wait until all are free simultaneously 
or alternatively if intermediate stores are 
provided, the messages can be sent to 
the idle lines as well as being held in 
the intermediate store until such time 
as the busy lines become free. While 
the first approach results in the most 
simple and economical solution, it is 
from a traffic handling standpoint far 
inferior to the second. With intermediate 
stores both the common control and 
the address store must be capable of 
recognising the lines to which the mes­ 
sage was sent on the initial attempt, and 
deduct these from subsequent transmis­ 
sions of that message. The equipment 
required to perform this 'operation is 
quite complicated and expensive. 
First line monitoring equipment for 

logging the incoming message sequence 
number against the outgoing sequence 
number is possible with these systems, 
though is not always provided when 
tape stores are used, as these stores 
present a ready checking point for lost 
messages. 
When considering sequential access 

magnetic stores it should be noticed that 
as they are usually of rather limited 
capacity (2000 characters being typical) 
it is not possible to keep a permanent 
record of one day's traffic as it is with 
tape storage, thus first line monitoring 
facilities are more applicable to these 
systems. This contributes to magnetic 
storage systems being generally higher in 
cost than tape systems. 
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Fig. 4-0peraling Principles of Random Access Fixed Circuit Logic Systems 

Random Access With Fixed Circuit 
Logic: Random access is the term 
applied to storage devices, which permit 
a message to be removed from the store 
at any time after its arrival irrespective 
of its time of arrival or of other mess­ 
ages already in store. 
This facility represents a considerable 

advance on the techniques of message 
handling and removes the limitations 
on priority and multi-address which 
were inherent in the previous systems. 
Random access storage gives in effect 
the same flexibility possible with the 
purely manual relay system, but with 
vastly improved handling speeds and 
reliability. 
A common method of providing the 

large capacity random access storage 
is with a rotating magnetic drum. 
Typically a drum 5 ft. high with a 12 in. 
diameter and rotating at 1500 r.p.m. 
is capable of storing 250,000 telegraph 
characters and can be used at a speed 
of 50 kilobauds. 
Fig. 4 shows a typical trunking dia­ 

gram of the system. 
Since the message is received at the 

incoming circuit at speeds of between 
50 and 200 bauds, a scan is made to de­ 
tect the start of message signal. Once 
detected, each character is taken into a 
one character line store and at the 
end of that character is transferred at 
50 kilobauds to an incoming track on 
the rotating drum. The incoming line 
circuit meanwhile has been scanning for 
the end of message signal, and when 
received, the message is transferred 
from the incoming track via a group 
and link circuit to the central store. As 
it passes through the link circuit the 
message header is taken into the com­ 
mon control. 

From the message header the incom­ 
ing message number is checked and the 
priority and address analysed. This in­ 
formation is placed in a booking regis­ 
ter. 
The booking register is continually 

scanned and compared to a register of 
outgoing lines, and once it has been 
recognised that a message is waiting and 
that the outgoing line is free, the high­ 
est priority message is read from the 
store via the outgoing link circuit to the 
outgoing line track, an outgoing number 
being inserted in the message on the 
way. 
From the outgoing track the message 

is transferred character by character 
at 50 kilobauds to a store in the out­ 
going line circuit and from there to 

{ 
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line at the desired telegraph operating 
speed. 
For multi-address messages, a mark 

is placed in the booking register for 
each of the required outgoing lines and 
thereafter the message is treated as a 
number of individual messages. This is 
possible because the read out of a mes­ 
sage from the central store is non-des­ 
tructive and the message is available 
there until it is replaced by another mes­ 
sage being read-in, which is not allowed 
until the message has been cleared to all 
addresses. 

Over-flow magnetic tape stores are 
provided in the event of the common 
store approaching its maximum capac­ 
ity (due to failure of outgoing lines for 
example). Messages can be transferred 
from the common store to these tapes 
and retrieved later when the line is 
available. 

Since the individual line circuits are 
extremely simple, containing virtually 
only a one character store, the remain­ 
der of the system being on a common 
basis, the need for circuit reliability is 
greatly increased. A failure in the com­ 
mon control or drum storage equip­ 
ment will not only prevent switching, 
but will result in messages being lost as 
there are no individual line stores for 
holding the incoming traffic. This traf­ 
fic will continue to arrive until such 
time as all outstations are contacted and 
asked to stop sending. This is in con­ 
trast to systems having individual line 
stores where a common control failure 
will stop switching but will not result 
in lost messages. It is therefore neces­ 
sary to duplicate virtually the entire 
system to achieve reliability, and this 
of course greatly increases the cost. 

Random Access with Programmed 
Logic: The distinguishing feature of 
this method of working is the use of a 
standard electronic computer pro­ 
grammed for message switching, work­ 
ing via interface equipment to telegraph 
lines or data links. The basic operating 
principles are shown in Fig 5. 
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Fig. 5-0perciting Prlneiples of a Random Access Programmed Logic System 
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As a message switching system it can 
of course provide all the required feat­ 
ures, at extremely high cross office 
speeds and with the utmost flexibility 
in address decoding and multi-access 
working and system trunking. 

Since the message interpreting and 
address decoding equipment is not tied 
to fixed logic circuits it is possible to 
accommodate a wide range of telegraph 
operating speeds and to handle messages 
with different message formats or even 
with different code alphabets as code 
translation can be readily handled in 
the programmed control. 
Further, since the Control logic of the 

system is dictated by programme, it is 
possible by changing the control pro­ 
gramme or portions of it to quickly 
alter the trunking, the operating speed 
of any line, etc. This enables the size 
and operating conditions of the net­ 
work to be altered as the traffic varies 
with daily or seasonal requirements or 
when additional lines are added. 
Many systems have the ability to per­ 

form error detecting or correcting func­ 
tions on each received character, or in 
the event of a mntilated message, the 
computer can generate a request to the 
outstation to re-run messages. 
The inclusion of large capacity mag­ 

netic tape or disc file stores enables his­ 
tory records of all messages to be re­ 
tained and on a request for a re-run of 
a message from an outstation, the com­ 
puter can retrieve this message and re­ 
send it without recourse to a manual 
operator. 
Alternatively the mutilated message 

can be presented to an operator, on a 
television screen for example, where it 
can be corrected or edited by a simple 
keyboard operation. 
Extending beyond the strict telegraph 

message switching field this system can 
also switch data traffic either independ­ 
ently of the low speed telegraph traffic 
or by grouping large volumes of tele­ 
graph traffic onto a broad band group 
(1,000 bands or higher) for transmission. 
This feature can be used for large 
volume links to other switching centres 
or into a subsidiary computer for pro­ 
cessing. The only computer based system 
scheduled for installation in Australia to 
date is for a major airline operator, and 
incorporates this facility in order ta 
transfer messages from the switching 
computer into a seat reservation and 
booking computer. Information as to 
the seat details are then returned to the 
switching computer and sent as a tele­ 
graph message to confirm the booking 
to the outstation. 

A further possibility claimed by most 
manufacturers is to time share the 
computer's capacity, which is not fully 
utilised particularly in light traffic 
periods so as to simultaneously run the 
switching programme with a routine 
data processing programme. In this way 
administrative or clerical .data process­ 
ing can be performed on the same 
computer without interfering with the 
message switching and this is obviously 
a most attractive feature from the user's 
viewpoint. The computer can also give 
regular reports and statistical data on 
the traffic being carried and on the 

performance of the system itself. The 
stringent reliability requirements im­ 
posed by real-time continuous on-line 
operation dictated the installation of a 
dual system. In order to avoid any 
interference to the traffic in event of a 
failure the two computers are operated 
in parallel, with each message actually 
being processed by them both, al­ 
though only one is actively on line at a 
time. Line patching facilities are also 
offered which can automatically replace 
the line circuitry. 
Typically a system with a storage 

capacity from 5 to 500 million bits 
could switch a 500 line system carry­ 
ing 60,000 messages per hour, the cross 
office transmission time for each mes­ 
sage being less than 60 milliseconds. 

Such systems, at this stage appear to 
offer the ultimate in message and data 
handling, but as will be discussed, the 
cost is extremely high and a consider­ 
able effort must be deployed to organ­ 
ise the executive programmes. How­ 
ever, once installed the speed and flexi­ 
bility and supplementary facilities are 
most attractive. 

COST STRUCTURE 

In order to obtain information on 
the cost of message switching systems 
an analysis was made of the systems al­ 
ready installed in Australia and general 
estimates were obtained from system 
manufacturers, particularly in relation 
to those systems of which there are no 
examples in this country. While the 
figures quoted could not be considered 
applicable to any particular system, due 
to the wide variety of facilities and 
manufacturing techniques employed, it 
is felt they are representative of the 
range of cost for each system type and 
of the relative cost relationships be­ 
tween types. 
Fully manual systems range in cost 

from around £500 per line to £1,200 per 
line for systems fitted with automatic 
message numbering. Due to the absence 
of common control equipment the cost 
of these systems increases linearly with 
the number of lines, that is cost per 
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line is independent of the number of 
lines. 
With automatic selection systems the 

cost not only varies with facilities, but 
also with the type of equipment used. 
It is interesting to note that these sys­ 
tems can be cheaper than fully manual 
systems principally due to the reduc­ 
tion of the number of cross office 
transmitters. However, quite elaborate 
semi-automatic systems are available, 
which include intermediate stores for 
handling multi-address traffic. Such 
systems can cost up to £3,000 per line. 
Automatic tape storage systems in­ 

corporating the minimum of facilities 
(particularly if facilities for multi­ 
address and priority are excluded) can 
cost as little as £1,500 per line. When 
multi-address and priority facilities are 
included the cost for tape storage sys­ 
tems approaches £5,000 per line. Since 
the common equipment in these systems 
is not of great complexity and as the 
storages are provided on a per-line 
basis, the cost per line is again more 
or less independent of the number of 
lines. 

With automatic magnetic storage sys­ 
tems the cost per line for equivalent 
facilities is up to twice that for a tape 
storage system being made up mainly of 
the difference in cost between the 
tape and magnetic storages. It is usual, 
however, for magnetic storage systems 
to be installed with a wider range of 
facilities than tape storage systems 
mainly as a result of the inherent ad­ 
vantages of magnetic storage, f:or ex­ 
ample, higher cross office transmission 
speeds. Further, as the storage capacity 
of the magnetic stores is limited (up to 
4,000 characters), such systems invari­ 
ably incorporate intermediate stores. 
While this immediately results in dis­ 
tinct advantages in traffic handling the 
cost of such systems with intermediate 
storage can be as high as £8,000 per 
line. 
A most important aspect of the cost 

structure of the systems so far discussed 
is that the cost per line is, particularly 
with the manual systems and to a lesser 
extent with the automatic sequential ac- 
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cess systems, independent of the number 
of lines. Such systems are therefore ap­ 
plicable to small installations, and en­ 
able an operator to tailor both the size 
and facilities of his system to his lim­ 
ited capital, and to increase the size and 
facilities in subsquent years as more 
capital is available, or as traffic growth 
demands it. 
This is in direct contrast to the ran­ 

dom access systems, in which both the 
line storage and switching control is 
provided on a common basis. The 
initial capital outlay for such systems 
is in general mainly independent of the 
number of lines and thus for small sys­ 
tems the cost per line can be ex­ 
tremely high, of the order of £10,000 to 
£15,000 per line but can be quite com­ 
petitive for large systems approaching 
£5,000 per line. 

Typically the initial cost of a ran­ 
dom access fixed logic system is of the 
order of £300,000 and range up from 
£800,000 for a programmed logic sys­ 
tem. The lower cost of the fixed logic 
systems comes from the fact that these 
systems have been engineered particu­ 
larly to the message switching applica­ 
tion. By contrast, programmed logic 
systems employ a computer adapted 
from a general purpose design with a 
resulting redundancy of circuit pro­ 
vision. Further, storage must be pro­ 
vided in the programmed logic system 
to accommodate the executive pro­ 
grammes, and this is not required with 
fixed logic systems where the executive 
control is to a large extent hard wired. 
In general it can be said that when 
considered as a means of switching 
low speed (50 to 200 bauds) telegraph 
messages, the, fixed logic systems repre­ 
sent the most economical method of 
realizing the facilities set out in the 
introduction. This is certainly true for 
small systems, but for large systems .the 
programmed logic systems, even at to­ 
day's prices can be competitive, and 
can be far more attractive if the data 
processing capabilities or the flexibility 
of these systems are utilised. 

So far the capital investment involved 
in message switching systems has been 
discussed, but it should be noted that 
this does not necessarily represent the 
cost of the system to business, industrial 
or governmental department using the 
system. It is common practice through­ 
out of the world for the communication 
administration or for major electrical 
manufacturers to provide and install 
such systems and to lease them for a 
smaller annual charge to the operator. 
This practice is adopted in Australia 
where the Department has for many 
years rented fully manual and semi­ 
automatic selection systems, and will be 
applied shortly by a major computer 
manufacturer who is to lease a pro­ 
grammed logic system to a major air­ 
line operator. 

The annual rentals charged vary be­ 
tween 20 to 40% of the installed capital, 
but it should be remembered that this 
charge also includes the cost of system 
maintenance, and an allowance for ulti­ 
mate replacement. 

EXISTING INSTALLATIONS IN 
AUSTRALIA 

A survey of the message handling 
systems at present in Australia is sum­ 
marised in Table I. In total there are 
approximately 50 systems, representing 
a capital investment of over two million 
pounds. 

tal outlay involved is a considerable 
deterrent. There is a tendency therefore 
to install the most economical semi­ 
automatic or fully automatic systems 
for the present with a view to writing 
such · systems off, if in a few years the 
sophisticated systems become more 
economical. There are two factors 
which could precipitate this. Firstly, 

TABLE 1 

Type 
No. of 

Installations 
Average No. Average Capital 

of Lines Investment per 
Line 

Full Manual Relay 34 10 
£ 
750 

Semi-Automatic Line Selection 8 16 1,300 

Automatic Sequential Access Storage 7 90 1,500 

Automatic Random Access Storage. 2 
Fixed Circuit Logic. 

40 6,500 

Automatic Random Access Storage. 
Programmed Logic. 

Of these systems 31 are owned and 
maintained by the P.M.G. Department 
but leased to private business, indus­ 
trial or governmental organisations. All 
of these are of the manual or semi­ 
automatic types. 

Seven integrated automatic tape stor­ 
age systems are operated by the De­ 
partment to carry the public telegram 
traffic. Generally these are quite large 
systems, one being of 350 lines. The 
seven systems are interconnected in an 
Australia-wide network and for the last 
six years have carried approximately 
20 million messages annually. 

Approximately 12 systems are owned 
and maintained by operators outside 
the Department, principally by the 
armed forces. 

FUTURE DEVELOPMENTS 
Up until six years ago only manual 

systems were operating in Australia. 
Increasing operating costs and the need 
for greater efficiency and reduced 
handling times precipitated the instal­ 
lation of eight semi-automatic and nine 
automatic systems since then to replace 
existing manual systems. This trend is 
continuing, and at present a further 
three semi-automatic systems are being 
developed, and one automatic tape stor­ 
age system is being installed. 
It could be expected, that for smaller 

systems of up to 20 lines, this tendency 
of replacing manual with semi-auto­ 
matic or sequential access systems will 
continue for a few years, but it is 
doubtful if this trend will result in the 
replacement of all manual systems. On 
the other hand many users, particularly 
in the Airline and Governmental fields 
are becoming interested in random ac­ 
cess systems, and quite recently a major 
Airline company announced plans to 
install a computer based system (ran­ 
dom access programmed logic) to re­ 
place their rather large manual system. 
This is the first of the programmed 
logic systems scheduled for Australia. 

While many of the operators would 
like to follow this lead and avail them­ 
selves of the very attractive facilities 
offered by such systems the large capi- 

as electronic computers become more 
widely used their cost would reasonably 
be expected to decrease with techno­ 
logical and manufacturing refinements. 
Secondly, as has already been discussed, 
these systems are quite competitive 
providing there is a need for a large 
number of lines. This suggests that a 
common carrier network could be es­ 
tablished, possibly by the Department or 
another legally Constituted body, con­ 
sisting of inter-connected programmed 
logic systems in order to lease inde­ 
pendent groups of lines to the smaller 
users. 
The programmed logic, allowing 

flexibility in traffic, operating format 
etc., is ideally suited for this applica­ 
tion. However the organisational and 
administrative problems associated with 

.this approach should not be under­ 
estimated, and there is naturally con­ 
siderable reluctance on the part of a 
user to allow his vital communications 
to be controlled from outside his 'or­ 
ganisation, and there is also the, fear of 
loss of privacy particularly among 
competing organisations. 
The above trend could result in 

manual semi-automatic or tape storage 
automatic systems being converted 
directly to the programmed logic sys­ 
tems and subsequently in very few in­ 
stallations being made in this country 
of complicated sequential storage sys­ 
tems of the magnetic variety or of fixed 
programme random access systems. 

Another branch of development will 
undoubtedly come from the data trans­ 
mission field as a result of computers 
being applied in organisations which to 
date have had no message switching re­ 
quirements. This requirement will be 
inter-computer high speed traffic and 
also lower speed transmission from data 
collection points into a central computer 
for processing. While it is true that 
such traffic could be handled on direct 
private lines, and in all probability will 
be so handled initially, this traffic 
could be readily accommodated at high 
speed on a common carrier switching 
network with a considerable saving in 
trunk channel charges. 
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ARM SO CROSSBAR TRANSIT EXCHANGE 
K. BARNES, B.Sc., Grad. I.E. Aust.* 

INTRODUCTION 

The L. M. Ericsson ARM 50 system 
is a common control group selector 
system designed for small and medium 
size telephone and telegraph transit 
switching centres. The system was first 
installed in Finland in 1954, and is now 
in use in a number of countries over­ 
seas. The pilot installation for the Aus­ 
tralian Post Office will be the SO-line 
Automatic Telex exchange at Canberra 
(1), which is due to be placed in service 
some time in 1966. 
It has been pointed out by Wright (2) 

that the ARM 50 exchange will find an 
application in the telephone network in 
some of the smaller centres, where there 
are four wire switching requirements 
and where the 20 year capacity of the 
trunk exchange is not likely to exceed 
three 200-line units. 
The common control equipment of 

the ARM 50 system is generally similar 
to that of the ARM 20 system, the main 
difference being that no test blocks are 
provided in ARM 50, the test and selec­ 
tion of a free line on the required 
route being effected by a marker (M) 
after route determination has been car­ 
ried out by a route marker (VM). The 
registers and line relay sets are the 
same as those used in ARM 20, the 
types provided depending on the method 
of signalling used. When the common 
control equipment is built out to its 
maximum capacity and the system is 
required to handle approximately 6000 
calls per hour, call waiting times ap­ 
proach three seconds. 

GENERAL DESCRIPTION 

System ARM 50 is a group selector 
stage built up of crossbar switches and 
comprising initially two partial stages 
GV A and GVB, verticals of GVA being 
connected to verticals 'of GVB to form 
links. The system 'operates on the by­ 
path principle, the switches being oper­ 
ated under the control of markers. The 
selector stage is one-way (from GV A to 
GVB), the incoming lines being connect­ 
ed to the GV A stage and the outgoing 
lines to the GVB stage. A both-way 
line, therefore, must be connected to 
both GV A and GVB partial stages. 
The type of ARM 50 system selected 

by the A.P.O. is known as ARM 503/2, 
in which the crossbar switches are per­ 
manently wired to the rack. For the 
sake of simplicity, the term ARM 50 
will be used in this article to refer 
specifically to the ARM 503/2 exchange. 

Basic Switching Unit 
The basic switching unit consists of 

two crossbar switches each with 10 verti­ 
cals comprising the GV A stage, and 
two similar switches comprising the 
GVB stage, the outlets of each pair of 
switches being horizontally multipl ed. 

* Mr, Barnes is Engineer, Class 2, Subscribers 
Equipment, Telegraph and Power, Head­ 
quarters. 

GVB GVA 

}----20 
~ 

20 i/ •••• 
A 20-group. Fig. 1- 

This unit, called a 20-group, is shown in 
Fig. 1, and contains 20 inlets in GVA 
and 20 outlets in GVB, with 20 GVA­ 
GVB links. 
Two 20-gtoups can be accommodated 

in one GV rack, and due to this mech­ 
anical design the system has an initial 
capacity of 40 inlets and 40 outlets, or 
40 both-way lines, with 40 GVA-GVB 
links. The 20 links from each GV A 
group are distributed over all GVB 
groups. In some cases, the 20 links can 
be equally distributed, for example 
where the GV equipment consists of one 
rack or two 20-groups, in which case 
each GVA group is connected by 10 
links to each of the two GVB groups, 
as shown in Fig. 2. 

Fig. 2 

However, in other cases the 20 links 
cannot be distributed equally 'over all 
GVB groups, for example where the GV 
equipment consists of three racks or six 
20-groups, in which case each GVA 
group is connected by four links to two 
GVB groups and by three links to the 
other four GVB groups. 

Internal Congestion 
Internal congestion in ARM 50 means 

that no free link is available; that is, 
the selected outgoing line is connected 
to a GVB grorup which cannot be reach­ 
ed from the GV A group containing the 
incoming line because all links are busy. 
In such a case, the connection can be 
routed via an overflow link in another 
20-group. An overflow link OFLR is a 
relay set interconnecting one GV A inlet 
and one GVB outlet in each 20-group, 
and the way in which a call is routed 
via an overflow link is shown schematic­ 
ally in Fig. 3. In this example, an in­ 
coming line in 20-group No. I may be 
routed to a free line located in the GVB 
multiple of the same 20-group if one of 
the 10 links from GV A to GVB in the 
same 20-group is free. If all these links 
are occupied, as indicated in the, figure, 
test is made of an overflow link OFLR 
in 20-group No. 2. If this overflow link 
is free, connection is made from GVA 
of 20-group No. 1, over one of the free 
links to GVB of 20-group No. 2, via the 
overflow link OFLR to GV A of 20- 
group No. 2. If now there are free links 
from this GV A to GVB of 20-group 
No, 1, the connection is established as 
indicated in Fig. 3. 

Since an 'overflow link is connected 
to one GV A inlet and one GVB outlet 
in each 20-group, the effective capacity 
of each 20-group is reduced to 19 inlets 
and 19 outlets. 

Link Interconnections 
As stated previously, all 20-groups 

are interconnected by means of links, 
the method of interconnecting depend- 
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Fig. _3 - Routing of a Calf via an Overflow Link. 
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Fig. 4 - Link Interconnection Scheme for an Installation Having Two GV Racks. 
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ing on the number of GV racks install­ 
ed. As an example, the link intercon­ 
nection scheme used for an installation 
having two GV racks, or four 20-groups, 
is shown in Fig. 4, while the GV group­ 
ing plan for this exchange is shown in 
Fig. 5. It can be seen how the effective 
capacity of an exchange of this size is 
reduced to 76 inlets and 76 outlets, by 
the allocation of one inlet and one out­ 
let in each 20-group for overflow links. 
The incoming and outgoing lines on 

a route are equally distributed among 
all 20-groups, and because of the link 
distribution an incoming line in any 
GVA group can be connected to an out­ 
going line in any GVB group, as tong 
as a link is available. 

Exchange Capacities 
The practical upper limit of a 2-stage 

ARM 50 exchange, imposed for traffic 
reasons, is 10 groups or 200 inlets and 
200 outlets. The exchange is built up 
beyond this capacity by the addition of 
a third switching stage GVC, which 
allows the practical upper limit to be 
extended to three such 200-gr:oups, or 
600 inlets and 600 outlets. The GVC 
stage is common to all 200-groups, 
which in turn are interconnected via 
GVA-GVB overflow links, while the 
normal overflow links between 20-groups 
within the same 200-gmap are not pro­ 
vided. A number of GVB outlets are 
connected to GVC verticals to form 
GVB-GVC links. The outgoing lines of 
major routes are connected to remain­ 
ing GVB outlets, while the lines of 
minor routes are connected to GVC out­ 
lets. The trunking arrangement used for 
3-stage working is shown in Fig. 6. 
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Fig. 5 - GV Grouping Plan for an Installation Having 
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Fig. 6 - Trunking Arrangement for 3-Sta,ge 
Working. 
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ARRANGEMENT AND FUNCTIONS 
OF EQUIPMENT 

Fig. 7 shows the block diagram of a 
2-stage ARM 50 transit exchange. The 
arrangement and functions of the 
various units of equipment shown in 
the diagram are described in the follow­ 
ing sections. 

Line Repeaters - FIR, FUR 
The lines connected to the transit 

exchange may be of many types, and 
each type has its own repeater. For 
example, the lines include among others, 
inter-transit exchange trunks, junctions 
to the local terminal exchange and cir- 
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cuits to test and service positions. No 
further reference to types will be in­ 
cluded in this article. 

Register Finders, RS 

A register finder provides access be­ 
tween incoming repeater and register. 
The type of register finder marker RSM 
used depends on the number of wires 
to be through-connected, being either 
the RSM-64 line, with capacity for 64 
repeaters and 20 registers for a 10-point 
connection, or the RSM-64/20, with 
capacity for 64 repeaters and 20 regis­ 
ters for a 20-point connection with RS 
switches working in pairs. 

Register, REG 

A register directs and controls the 
connection to the called subscriber. It 
receives and stores information regard­ 
ing the calling subscribers classification 
and tariff zone, and the called sub­ 
scribers touting digits, and passes this 
information on to the route marker 
when connected. After the connection 
from incoming line to outgoing line is 
completed, the marker releases and the 
connection is held under the super­ 
vision of the register which transmits 
signals forward over the outgoing line 
so that a connection may be set up to 
the called subscriber. The register is 
released when the connection is com­ 
pleted, or when control of the connec­ 
tion has been taken over by another 
register in the subsequent exchange. 

Call Distributor for Route' Markers, 
RK/VM 

RK/VM contains free marking relays 
and a call distributor, which distributes 
incoming calls so that route markers 
will be occupied consecutively. 

Register to Route Marker Connector, 
RM 

The connection between register and 
route, marker is a 48-wire connection, 
which is completed by means of multi­ 
coil relays in RM. The smallest RM 
unit consists of a relay set which con­ 
nects eight registers ( divided into two 
groups of four) to two route markers. 
Only one register in each group of four 
can be served at a time, and one route 
marker can in turn serve 10 RM units, 
which is the capacity of the RM rack; 
that is, one RM rack, fully equipped, 
can connect 40 registers to two route 
markers. 

RK/VM and RM relay sets are mount­ 
ed on the RM rack. 

Route, Marker· VM 

The marker functions of the system 
are divided between two units, route 
marker VM and marker M. 
The route marker identifies the calling 

register, establishes connection with it 
via RM, and receives from it tariff and 
routing information. It analyses this in­ 
formation, selects the required route 'or 
part of a route in a direct or alternative 
route which has free lines, transmits 

back to the incoming line repeater the 
tariff rate appropriate for the connec­ 
tion, and connects itself to a marker. 
The marker then sets up the connection 
by selecting both a free line on the 
selected route, and a free path through 
the switching stages. 
The route marker normally contains 

equipment for 20 routes, although the 
system is designed for a maximum of 
55 routes. A route can consist of three 
line groups, each comprising a maxi­ 
mum of 40 lines distributed to two 
route parts each of 20 lines. This 
arrangement can be used, for example, 
for one direct route with two route 
parts, and two alternative routes each 
with two route parts. Thus if all three 
groups or six route parts are used for 
the direct route, the latter can contain 
a maximum of 120 lines. 
The ARM 50 system at present being 

installed for the A.P.O. has a maximum 
capacity of two route markers, which 
are installed on the one VM rack. 
Each route marker contains the follow­ 
ing relay sets:- 
AK-REG Call chains for registers. The 

call chains can identify, in two 
stages, calls from 10 register groups 
each of four registers. 

REG. 

~--------jOFLR 

-+--+-------~---+- 

RR 

KM-S A relay set for the reception of 
digit and tariff information from the 
register. The relay set also receives 
information to determine to which 
marker the route marker is to be 
connected. 

S A relay set for routing and tariff 
analysis and determination. A route 
marker can contain either one or 
two S-relay sets, depending on the 
degree of complexity of analysis 
required. 

ZS A relay set containing rate setting 
relays which operate on a particular 
combination of originating tariff 
zone, subscribers classification and 
routing digit information, and re­ 
turn the appropriate tariff rate to 
the incoming repeater for metering 
purposes. 

VVR A relay set tor route marking, 
and for the test and selection of 
a route part. The relay set also 
contains relays which initiate the 
setting up of a call to an overflow 
link should internal congestion be 
encountered, as well as control 
relays for time supervision, fault 
registration and other special func­ 
tions. 

M 

TR 

~- VM,-M : 

VVR 

KM-S s 

zs 

I 

I 
I 

J 
Fig. 7 -· Block Diagram of a 2-Stage ARM 50 Transit Exchange. 
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Marker, M 

The marker sets up the connection 
through the selector stages. It selects a 
free line on the required route, finds a 
free path through the selector stages 
from the incoming line to the, selected 
outgoing line, and completes the con­ 
nection by causing the appropriate hori­ 
zontal and vertical magnets to operate. 

The ARM 50 system has a maximum 
capacity of two markers, which are in­ 
stalled on the one M rack. In the 2- 
stage system, each. marker contains the 
following relay sets. 

VM-M A relay set for completing the 
74-wire connection between marker 
and route marker. 

RR A relay set '{or the indication and 
marking of role GVA-GVB links. 
The relay set also contains relays 
which connect marker identification 
code to the route marker, to ensure 
that the correct marker-route mark­ 
er connection is established. 

TR A relay set for the test and selection 
of a free line on the required route, 
by the use of line test relays in 
series with cold cathode tubes. The 
same test circuits are used for test 
and selection of a free overflow 
link. The relay set also contains 
control relays for test supervision, 
as well as relays for the testing and 
operation of horizontal .ari,:Lyerti0 
:cal 'magnets in both selector stages. 

nect the OFLR links to the marker for 
test and selection of a free overflow 
link. A VMR relay set has a capacity 
of 10 route parts, each of 20 lines, and 
additional relay sets are wired to the 
VMR rack as required. 

3-Stage Working 

Additional units of equipment are re­ 
quired when a GVC stage is added. 
Briefly, these units are: 

GVC The smallest GVC unit consists 
of a crossbar switch with 10 verti­ 
cals for links to GVB outlets, and 
20 outlets for connection to out­ 
going repeaters. When more links 
are required, additional switches are 
wired· to the GVC rack. 

IKR-C A relay set wired to,;;the GVC 
rack and used to connect the test 
and control wires- 'of the-marker to 
the GVC switch group. 

IKR-B A relay set used to connect test 
and selection wires to MLR relay 
set for the indication of idle GVB­ 
GVC links. 

MGR A relay set added to the marker 
for the purposes of marking the 
200-group, for marking idle GV A­ 
GVB links, and for controlling the 
operation of horizontal magnets in 
the GVC stage. 

Group Selector Equipment, -ov 
A GV rack comprises: two 20-groups, 

and contains four GV A· and four GVB 
switches wired to the rack and connect­ 
ed together by - means of links as pre­ 
viously .described.: The GV rack also 
contains the following relay sets: 

TKR A relay chain per 20-group per­ 
m~nent1y·wired to the rack, 'Icrthe" · - 
identification and selection -of the In the telephone, case, dialled impul­ 
incoming : repeater and the opera- ses are received and stored in the 
tion of GV A - horizontal magnets register; and transferred to the route 
corresponding to its position in marker in the forrri of a D.C. "2 out of 
the GV A multiple. The relay set 5,"- ·code for route .and tariff determina­ 
also contains relays for the connec- tion. After switching is completed, the 
tidn of the test and control wires called number is forwarded from the 
of the marker+to the -GV A switch register in ·the form of lo'op disconnect 
group, 1 D.C. signalling to 'a step-by-step termi- 

• · - . rial exchange, or in the form .. of MFC 
TMR/T_lJR -~ re}ax_s-:! __ p:r _ 2~-~~~lp compelled.i.sequenee signalling to ah 

for the test and selection · of a ARK terminal exchange or to the next 
marker. crossbar transit exchange (2). 0 

MLR-A relay-set added to the marker 
for the · purposes of marking idle 
GVB-GVC links, and for the sub­ 
sequent selection 'of a GVC vertical 

"which can be reached via an idle 
GV A:GVB link. 

VMR-C A relay set used to connect to 
the marker, for line test, 'those out­ 
going lines of a route part which 
are connected to the 'GVC stage. 

the ARM 50 2-stage exchange can follow 
one of two possible forms. These are: 

(a) Normal connection, in which the 
call is switched on a free link Irorn 
the GVA group containing the in­ 
coming line to the GVB group con­ 
taining the selected outgoing line. 

(b) Connection using OFLR, in which 
the call is switched via an -over­ 
flow link relay set, as shown scheme 
atically in Fig. 3, owing tothe un­ 
availability of a free GVA-GVB 
link. 

These two types of connections are des­ 
cribed separately in the following sec­ 
tions. 

Signalling 

OFLR One relay set per rack contain­ 
ing two overflow ·link circuits+ each-­ 
of which ' is wired to horizontal 
position '20 in the GVA and GVB 
multiple, oc( the same 20-group. 

Route Connector, VMR 

The operation of a particular route 
marking and. route test relay combina­ 
tion in the , route marker causes the 
operation of ,a particular multicoil relay 
in the route connectingrelay set VMR, 
which connects the lines on the selected 
route part to-the markee-for-test=The 
relay set also contains' relays' which con-. 

_ Jn. _the J!!J,!igraph case, digits in the 
form of start-stop telegraph characters 
are received 'and stored in the 'register, 
and transferred to the route marker on 
a 5-wire basis for __ each character, earth 
representing space. After switching is 
completed the called number is forward­ 
ed as start stop telegraph characters to 
the telegraph terminal exchange, or to 
the next transit exchange (1 ). 

SWITCHING PROCEDURE 

Referring -again to Fig. 7, the pro­ 
cedure -for .establishing a call through 

Normal Connection 

On an incoming call, the line repeat­ 
er FIR is connected to a free register 
REG via a register finder RS. REG 
receives and stores information regard­ 
ing the calling subscribers originating 
tanff zone and classification markings 
as well as the routing digits. Upon the 
receipt of sufficient digits for route 
determination, REG calls a free route 
marker VM, via a route marker con­ 
nector, RM. (The VM to be used for 
this call was pre-selected by the VM 
call distributor RK/VM, which now 
selects and allots a VM to receive the 
next call.) The calling REG is identi­ 
fied in two stages in the AK-REG relay 
set in VM, after which connecting relays 
in RM operate to connect REG to VM. 
Routing and tariff information are 

transferred from REG to the digit re­ 
ceiver KM-S in VM, and subsequently 
to the digit analyser S, where route and 
tariff are determined. The tariff is 
determined by an analysis of the calling 
subscriber's tariff zone and classification 
markings together with the routing 
digits, combinations of which operate 
particular relays in S which in turn 
operate the appropriate relays in the 
tariff transmitter ZS, to return the tariff 
rate to the incoming repeater. The route 
is determined by an analysis of the 
routing digits, combinations of which 
operate particular relays in S which in 
turn operate appropriate route relays in 
the route marking relay set VVR, to 
indicate whether or not a free line exists 
on either the direct route or any alter­ 
native route. The originating tariff zone 
and calling subscriber's classification 
markings may also be used to impose 
certain limitations of route choice; for 
example, in cases where subscribers from 
a particular tariff zone or having a 
particular classification are allowed ac­ 
cess to certain routes and barred access 
to others. 

When VM has established that a 
free line exists 'on the required route, 
the switching process commences. The 
incoming line is identified in the GV A 
group to which it is connected by the 
relay chain IKR. A free marker is 
selected by the marker test set TMR/ 
TUR and connected through IKR to the 
GV A group. Idle links between the 
GV A group containing the incoming 
line and all GVB groups are indicated 
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by relays in the link marking relay set 
RR. The marker now transmits a sig­ 
nal to KM-S in VM, to indicate to VM 
which M has been selected, after which 
VM completes the VM-M connection. 

M now operates horizontals in GVA 
corresponding to the multiple position 
of the incoming line. VM then operates 
a relay in the route connector VMR to 
connect the outgoing lines on the select­ 
ed route part to M for line test. Al­ 
though the route part may contain free 
lines distributed over all GVB groups, 
only those lines are tested which can be 
reached via an . idle GVA-GVB link. 
This is done by connecting test relays in 
the line test relay set TR to outgoing 
repeaters via contacts of link marking 
relays in RR. M selects a free line in a 
GVB group which can be reached via 
a GVA-GVB link. 

The GVB group to which the selected 
line is connected is tested and busy­ 
marked from M, which now operates the 
GVB horizontals corresponding to the 
multiple position of the selected outlet. 
GV A and GVB verticals are now oper­ 
ated in series from M, and the through 
connection is completed from incoming 
1: ne through the selector stages GV A 
and GVB to the outgoing line. After 
the through connection is checked, VM 
transmits an "end of selection" signal 
to REG, which takes over the holding 
of the connection and initiates the re­ 
lease of common equipment. REG re­ 
mains in circuit if it is to control sub­ 
sequent switching, and only FIR, FUR 
and verticals in GVA ancl, GVB remain 
occupied during the call. 

Connection Using OFLR 

Assume that VMR has connected the 
lines of the selected route part to M 
for line test. Because the test of out­ 
going lines is carried out by relays in 
TR via RR relay contacts, the success 
of the test will depend on the avail­ 
" bility of free links, as indicated in RR, 
from the GV A group containing the 
incoming line to some of the GVB 
groups containing free lines on the sel- 

ected route. If the test now is unsuccess­ 
ful, the reason may be that there are no 
free links available. A connection is 
now set up to an OFLR link. 

First, VM operates a relay in VMR 
which connects OFLR links to M for 
test, in the same-way as it connected out­ 
going lines for test.'. M now tests for and 
selects a free OFLR in a group other 
than the group containing the incoming 
line, in the same "manner as it tested 
for a free outgoing· line; that is, the 
OFLR test circuit has the same charac­ 
teristics as the FUR test circuit. The 
GVB group containing the selected 
OFLR is tested and busymarked from 
M, which then operates GVB horizon­ 
tals corresponding to the multiple posi­ 
tion of the selected OFLR, hereafter 
called OFLR (B side). GVA and GVB 
verticals now operate in series, and the 
connection from incoming line to OFLR 
(B side) is completed. VM remains held, 
but M and relays in VMR now release. 

VM carries out a route test again and 
selects a route part on the original 
route containing a free line. The OFLR 
selected is now identified in the GVA 
group to which it is connected by relays 
in IKR. Hereafter this side of the OFLR 
will be called OFLR (A side). TMR/ 
TUR now tests for and selects a free 
marker, which is connected via IKR to 
the GV A group containing the OFLR 
(A side). Idle links from this GVA 
group to all GVB groups are then indi­ 
cated in RR. M now transmits a signal 
to VM to indicate which M has been 
selected, after which VM completes the 
VM-M connection. 

M now operates GV A horizontals 
corresponding to the multiple position 
of the OFLR (A side). VM then oper­ 
ates a relay to VMR to connect out­ 
going lines of the selected route part for 
line test. after which M tests for and 
selects ~ free line in a GVB group 
which can be reached via an idle link 
from the GV A group containing the 
OFLR (A side). The GVB gr'ou p to 
which the selected line is connected is 
tested and busymarked from M, which 

then operates GVB horizontals corres­ 
ponding to the multiple position of the 
selected line. M then operates G VA 
and GVB verticals to complete the con­ 
nection from OFLR (A side) to out­ 
going line. Four verticals are now oper­ 
ated· and the connection from incoming 
line, through the switching stages and 
OFLR to the outgoing line, as indicated 
schematically in Fig. 3, is completed. 
VM transmits the "end of selection" 
signal to REG as before, after which 
REG takes over the holding of the con­ 
nection and initiates the release of corn­ 
mon equipment. 

CONCLUSION 

This article has dealt primarily with 
the 2-stage ARM 50 exchange, the first 
installation for the A.P.O. being the 
Auto. Telex exchange at Canberra due 
for cutover in 1966, to be followed by 
telephone switching centre installations 
at Gladstone, Jamestown and Melrose in 
South Australia, and Bruce Rock in 
Western Australia. It is understood that 
at the present time there is no plan for 
the initial installation of a 3-stage ARM 
50 exchange. In all probability, how­ 
ever, the addition of a GVC partial 
stage to one of the above 2-stage instal­ 
lations will receive serious considera­ 
tion when these exchange capacities 
approach 200 lines. 
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SEACOM: NEW SOUTH WALES LAND SECTION 
J. LIIV, A.M.l.E Aust." and B. W. G. PENHALL, B.E.** 

INTRODUCTION 

The general planning aspects of and 
various details of the Brisbane-Cairns 
microwave radio system associated with 
the SEACOM Submarine Cable System 
have been described previously (Ref. 1, 
2, 3, 4). This paper describes the general 
equipment features of the two main 
links, which comprise the, SEACOM 
land section between Sydney and Bris­ 
bane, together with the short coaxial 
tails connecting the SEACOM Super­ 
group from Paddington O.T.C. to Red­ 
fern and inter-connecting the radio link 
to the coaxial cable system at Lismore. 
The main links are the Broadband Radio 
System between the Redfern (Sydney) 
and the Goonellabah (Lismore) Radio­ 
telephone Terminals and a coaxial cable 
system between Lismore and Brisbane. 
For the purposes of the SEACOM 

system, the overall transmission link 
between Sydney and Cairns will provide 
a through circuit for a basic super-group 
having a 240 Kc/s bandwidth in the 
frequency range 312 to 552 Kc/s, This 
supergroup is being provided in both 
directions of transmissions on a four­ 
wire basis. The SEACOM supergroup is 
received from the O.T.C. Intercontinen­ 
tal Exchange at Paddington at the basic 
supergrcup frequency and is transmitted 
to the City South Carrier Terminal over 
a short haul coaxial tail operating over· 
two tubes of a 12 tube cable of 1.57 
miles. At City South Carrier Terminal, 
the supergroup is translated into its 
nominated line frequency of 812 to 
1,052 Kc/s (SG4) to be used between 
Sydney and Brisbane and is then com­ 
bined with the other supergroups (up 
to a maximum of 15) before being 
transmitted to the Redfern Radio Ter­ 
minal via another short haul coaxial 
tail of 2 miles, At Goonellabah Radio 
Terminal Station the 4 Mc/s telephony 
baseband is connected to coaxial tail 
equipment over a 3 5 mile section of 8 
tube coaxial cable to Lismoro. The 
telephony baseband is taken to the 
supergroup demodulating equipment in 
the Lismore Carrier Terminal and is 
translated into the 16 supergroups some 
of which, including the SEACOM super­ 
group (SG4), are connected via super­ 
group filters, in order to prevent cross­ 
talk and noise between systems, to the 
supergroup modem equipment associated 
with the Lismore-Brisbane Coaxial 
Cable System. 
The first part of this article deals 

with the Sydney-Lismore Broadband 
radio link and the second with the Lis­ 
more-Brisbane Coaxial Cable System 
and the shorthaul coaxial tails. 

Overall supergroup regulation will be 
provided by means of a 408 Kc/s pilot 
which will be injected at the output of 

* Mr. Liiv is Engineer, Class 3, Trunk Service, 
New South Wales. 

"'* Mr. Penhall is Engineer, Class 3, Radio, 
New South Wales. 

the O.T.C. modem equipment at both 
Paddington and Cairns. Regulation in 
the north bound direction will be car­ 
ried out at Brisbane and Cairns Carrier 
Stations and in the south bound direc­ 
tion at Brisbane and City South Carrier 
Stations. 
The pilot frequency will be monitored 

at City South and Lismore in the 
northerly direction, and at Cairns and 
Lismore in the southerly direction. Re­ 
corders and alarm facilities will be pro­ 
vided at City South, Lismore, Brisbane 
and Cairns. 
The route details from Sydney to 

Tweed Heads are shown in Fig. 1. 
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SYDNEY-LISMORE RADIO 
SECTION 

The main length of the N.S.W. section 
of the SEACOM route is via a 4,000 
Mc/s broadband radio bearer which 
extends from the main Sydney radio 
terminal at Redfern to Goonellabah 
radio terminal near Lismore via twelve 
repeater sations. 

This bearer will be described under 
the following broad headings:- 
• History of the route. 
• Description of the equipment. 
• Description of a typical installa­ 

tion. 
• Propagation behaviour of the 

various paths. 
• C.C.I.R. Performance Standards 

applied to this route. 
• Upgrading of the route and the 

estimation of its performance. 

IDSTORY OF THE ROUTE 
The section of the route from Heaton 

to Meerschaum was selected nrior to 
1956 to form the backbone for" a flood 
emergency network following the dis­ 
ruption of communications during the 
disastrous floods of 1949 and following 
years. To meet this need a 12 channel 
450 Mc/s bearer was considered suffici­ 
ent with auxiliary 4 channel 160 Mc/s 
bearers providing town to town com­ 
munication along the same route. The 
addition of 2 Gc/s and 4 Gc/s bearers 
of larger capacity was considered a 
future possibility. With the above in 
mind a"r01:1te with fairly long paths wa-s 
chosen, five of the eleven paths beir.g 
greater than 40 miles. The only appare nt 
consideration of a suitable pat'i vvas 
availability of line of sight wit':!._."! :;u 1(\/\ 
Mc/s first fresnel zone clear of obrtr 11c­ 
tions assuming unit earth radius. ,'1 atu­ 
rally ease of access and availabilii y of 
commercial power were (.oremost in the 
selector s eye, nevertheless the provision 
of both of ,these services exceeded 
£10,000 at several sites. 

Small ,J.irick buildings giving an 
equipment -floor area of 300 sq. ft. and 
an emergency plant floor area of 150 
sq. ft with 1; 000 gallon water tanks and 
toilet facilities-, were erected along this 
route. Light duty B.I.C.C. masts to 120 
ft were erecter', to carry VHF aerials, 
and future 45v~ Mc/s aerials. 10 kVA 
Petbow diesel ai'temator sets were in­ 
stalled to cater fo. r the extended black­ 
outs which occurrec' days at a time dur­ 
ing floods. In all, a ,·oute was develop, 
ed sufficient for the the ·n planned needs. 
The present route is sshown in Fig. 1 

with original paths not now in use 
shown in broken 1:,nes. A major change 
was the replacrement of Mt. Douglas 
with Gan Ga,n to give an interconnect­ 
ing point w'ith the proposed North Coast 
Coaxial Cable at Gan Gan (Pt. Steph­ 
ens). Thre route of the cable has since 
been cl ranged and Port Macquarie is 
the po int of possible interconnection. 
The Parrot's Nest repeater, which gave 
a four mile line-of-sight path to the 
roof of, the Lismore Exchange, has now 
been cchanged to Goonellabah which is 
two ·miles east of the exchange, and 
corrnected to it by an eight tube coaxial 
cable link. This re-arrangement saves 
a frequency planning problem associa­ 
ted with extending the route north. 
< )ther than these two changes the route 
remains unaltered from that originally 
proposed for 12 to 60 channel bearers, 
although now it is required to cater for 
960 channel high performance broad­ 
band radio bearers. Some short term 
propagation tests ( 4 weeks approximat­ 
ely) including height-gain tests were 
carried out by the P.M.G. Research 
Laboratories on paths which had pos­ 
sible troublesome ground reflections. 
These tests showed that the South 
Grafton-Woodford Island path was 
found to require space diversity for 
control of this possible source of deep 
fading. 
The section of the route Sydney to 

Heaton has a different history. It was 
conceived as a medium capacity route 

and ori ginally involved the two coastal 
paths, \>Vaverley Exchange to Mt. Elliott, 
(near G osford) then to Heaton, but fol­ 
lowing inspection in 1956 by visiting 
engineers from Standard Telephone 
and C;ables Ltd. (London), the alternative 
paths, Redfern-Dural-Mangrove-Heaton 
were selected. During 1957 /58 S.T.C. 
(S1ciney and London) carried out short 
term propagation tests under contract 
and pronounced the paths clear of ir­ 
regularities of propagation. The paths 
have actually shown only occasional 
mild fading. 
A 600 channel S.T.C. system installed 

on the Sydney-Heaton section of the 
route, and extended into Maitland, was 
commissioned in 1960. This system in­ 
cluded two 4 Gc/s bearers in each 
direction operated in parallel to provide 
automatic standby facilities. A larger 
brick building was erected on this sec­ 
tion of the route providing 500 sq. ft of 
equipment floor space, 300 sq. ft for 
diesel alternator plant and 3,000 gallon 
water tanks. A 30 kVA diesel alternator 
was provided for emergency power and 
heavy duty towers to 200 ft in height 
erected each being capable of supporting 
about six 10 ft parabolic aerials. 
During 1963 the Sydney-Heaton sys­ 

tem was expanded by the commissioning 
of an S.T.C. 4 Gc/s TV Bearer 
Type RL4D while the original protec­ 
tion bearer was modified to allow it to 
carry 960 channels or a TV channel and 
switching facilities added to allow both 
the 600 channel bearer and the TV 
bearer access to the modified protection 
bearer. Also at this time an S.T.C. 960 
channel system, type RL4D, comprising 
two parallel bearers, was installed be­ 
tween Heaton and Lismore with a back 
to back baseband repeater at Port Mac­ 
quarie. This system did not use Goon­ 
ellabah as the Lismore terminal but 
had a repeater at Parrot's Nest, and then 
terminated directly in the Lismore 
Exchange. This equipment was installed 
in the existing small brick repeater 
buildings with the exception of Gan 
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Fig. 3 - Rout~ Diagram. 

Gan and Port Macquarie at which larger 
buildings were specially provided, which 
included space for no-break power 
plant besides, normal diesel alternator 
units. Again heavy duty self-suporting 
towers to 200 ft were provided at all 
stations to support 10 ft parabolic 
aerials fed by relatively high loss (type 
WG.12A, 1.8 db per 100 ft) S.T.C. wave­ 
guide. Space diversity equipment using 
phase shift RF combiners was installed 
on the South Grafton-Woodford Island 
path to control the ground reflections as 
recommended by the P.M.G. Research 
Laboratories. 
The early experience with the 600 

channel system and the initial experi­ 
ence with the new 960 channel system 
confirmed the necessity to provide No­ 
break Power Plant. This involved ex­ 
tending all buildings to provide an ad­ 
ditional 525 sq. ft of floor space. In the 
case of the smaller brick buildings, 
(Cabbage Tree through to Meerschaum) 
this extension also catered for the new 
larger capacity diesel alternator power 
plant allowing the old power plant 
space to be used for projected system 
expansion. A typical building layout as 
it now exists is shown in Fig. 2. 
In 1965 the Heaton-Port Macquarie 

section was expanded by the addition 
of an S.T.C. 4 Gc/s TV Bearer. 
;ype RL4E. This would normally in­ 
volve only the addition of sy..il~ 
H'eaton and Port Macquarie to allow 
sharing of the protection bearer, but 
with the pending SEACOM traffic a 
complete re-arrangement was made re­ 
quiring the addition of another bearer, 
also S.T.C. 4,000 Mc/s 960 channel 
equipment, type RL4G, between Red­ 
fern arid Heaton, with through connect­ 
ing "af JF of the bearers at Heaton. 
Thi$ route as arranged in this manner 
was completed early in 1966. Also in­ 
clude-cl in this work, preparatory to 
SEACOM traffic, was the installation 
of baseband c;imoiners. The use of 
these units on the Port Macquarie­ 
Lismore Section is, straightforward by 
simply placing the "baseband switching 
equipment wit.1-, \Ja~band combiners. 
These units rather than selecting the 
output of either bearer when one de­ 
grades or fails actually ,combines--...t,.be 
two in a variable ratio to give constarx 
level and optimum signal to noise per­ 
formance. The use of combiners is also 
being investigated for the lower half of 
the route, but the installation is not so 
straightforward. The method of inter­ 
connection of the bearer in this case is 
shown in Fig. 3, which also shows the 
bearer arrangement for the whole route. 
The use of baseband combiners in 

conjunction with normal baseband 
switching equipment has problems as­ 
sociated with reliability when inter­ 
connected in the simplest way shown in 
Fig. 4, as, no automatic protection is 
provided if the combiner fails. Never­ 
theless, the use of combiners in this 
manner on a route intended to carry 
telegraph traffic and possibly data also 
would improve the automatic change­ 
over times for 90% or more of the 
changeovers. This improvement is con­ 
sidered necessary because the S.T.C. 
equipment when operating in a shared 
protection scheme suffers 70 millisecond 
traffic breaks in case of sudden failure 
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Fig. 4 - B•aseband Switching. 

of the working bearer. Since the pro­ 
tection bearer is free for 90% of the 
time when called upon to only protect 
two bearers then by interconnection as 
shown in Fig. 4, the normal changeover 
can be arranged so that when the 
protection bearer is not in use by the 
TV channel it is being used for tele­ 
phony traffic via the baseband com­ 
biner, the switching time being then 
less than 1 millisecond if the normal 
telephony bearer fails. 

Description of Equipment 
The bearer equipment installed on 

this route was manufactured by S.T.C. 
London, and involves two basic types, 
RL4E and RL4G, both employing 
vacuum tubes, which were manufactured 
around 1963 and 1965 respectively. 
The equipment is capable of carrying 
960 telephone channels or one TV 
channel to CCIR standards (using suit­ 
able paths) and has the following per­ 
tinent characteristics:- 
R.F. output : + 36dbm 
Output device : periodic magnetically 
focused travelling wave tube. 

Typical receiver noise factor : 13 db. 
Receiver threshold : - 76 dbrn. 
Typical fixed equipment losses per 
path: 3db (CBF, filters, isolaters, 
etc.) 

Input level for O dbmo : - 45 dbm. 
Output level for O dbmo : - 20 dbm 
Modulation : CCIR pre-emphasised 
FM using 200 Kc/s RMS nominal 
deviation for O dbmo. 

Equipment basic and inter-modulation 
noise for 960 channel with white 
noise loading (+ 15 dbmo) per 
typical section (172 mls) assumed as 
follows (pWo weighted in a 
standard 4 Kc/s telephone channel). 

1002 Kc/s 
(SEACOM) 

Modem, basic 50 
Modem, Internal 25 
Group Delay 
Distortion 55 

Waveguide Internal 
for path 12 

Aerial Interference 100 

3886 Kc/s 
(Top 

Channel) 
20 
20 

65 

20 
100 

The frequency plan employs the re­ 
commended CCIR arrangement (recom­ 
mendations 278 and 296, Los Angeles, 
1959) using common transmit fre­ 
quencies (and receive frequencies) at 
most stations. This fixes the route 
capacity in the 4 Gc/s band as, six main 
bearers and the supervisory bearer as 
detailed in Fig. 5. The interlevel plan 
is used at some stations to reduce inter­ 
ference by over-shoot, unwanted an­ 
tenna coupling, etc.; this involves a 
shift down in all frequencies of 14.5 
Mc/s compared to the normal frequency 
plan shown in Fig. 5. 

The diagram of a repeater appears in 
Fig. 6, showing the typical radio fre­ 
quency filter arrangements. The wanted 
4 Gc/s channel is extracted from the 
waveguide after reception by the aerial 

s' 3' 

by a band stop filter, which directs the 
wanted channel via a band pass filter 
and isolator within the repeater bay to 
a crystal mixer. A crystal mixer then 
converts this signal into a 70 Mc/s sig­ 
nal which is amplified by a 27db fixed 
gain low noise pre-amplifier and then 
further amplified in the main ACC con­ 
trolled IF amplifier to give a standard 
70 Mc/s output level of half a volt rms 
for a range of inputs of -30 to -75 
dbm. This signal is then further ampli­ 
fied by a limiter amplifier and then 
converted up in a balanced mixer to 
4 Gc/s again, (213 Mc/s nominally re­ 
moved from the incoming frequency) 
and then finally amplified by a travel­ 
ling wave amplifier to + 36 dbm. The 
channel is then passed via isolators and 
a band stop filter to the outgoing wave­ 
guide system and aerial. 
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