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NEC introduces a fresh design concept using advanced high-power 
transistor amplifiers. This all solid-state VHF (Band-ID) transmitter 
series includes 1, 2 and 3-kW models. Since the high-power transistor 
amplifiers use a broad-band matching system, the entire Band-ill 
(170MHz - 230MHz) can be covered without tuning adjustment. 
Reliability is higher, stability is maintained longer. Maintenance/ 
adjustment are greatly reduced. Preheating is eliminated. The switch 
ing regulator lowers power consumption. A floating battery /engine 
generator system can be adopted for non-stop operation during 
commercial power failures. Six units already in operation. 

And new UHF TV transposer! 
This 300W, all solid-state UHF TV transposer incorporates ICs in the 
broad-band linear power amplifier to assure highly reliable perform 
ance. It's practically maintenance/adjustment-free. Redundancy is 
high, including a final power amplifier consisting of 8 IC power 
amplifier units. Equipped with a wide-range AGC and squelch control. 
Ideal for unattended station operation. 

NEC Australia Pty. Ltd. 
649-655 Springvale Road, Mulgrave, Victoria 3170 
Tel: 560-5233 Telex: NIPELCO AA 31009 MELBOURNE 

NEC 
Nippon Electric Co. Ltd 

Tokyo.Japan 



THE TELECOMMUNICATION 
OF AUSTRALIA 

JOURNAL 
Volume 28, No. 2, 1978 

·CONTENTS 

Antenna Multicouplers at VHF and UHF 
Multicoupler Performance Specifications 104 
L. J_ DERRICK 

A Building Block Approach to Multicoupler Fundamentals 11 O 
N. A. McDONALD 

Meeting Specifications with Practical Filters 120 
R. L. GRAY 

The Telecom Telefinder Radio Paging Service 127 
B. E. ROBINSON 

Digital Transmission in National Telecommunications 
Networks 140 
THURMAN. W. H. 

Grade-of-Service and Performance Monitoring of 
Traffic in the Australian Telecommunications System 153 
J.P. FARR 

Hybrid Transformers - Part 2 167 
A. H. FREEMAN 

COVER 

MULTICOUPLERS CAN REDUCE 
THE PROBLEMS ARISING FROM 
CO-LOCATING SEVERAL 
SEPARATE ANTENNAS. 

Manufacture and Test of ARE II Equipment 174 
C. O'REILLY and B. J. McMAHON 

The Papua New Guinea Telecommunications Network 182 
F. A. COATES 

A Method of Providing Full STD Facilities for 
Subscribers in Remote Areas , 195 
G. J. STEVENS 

Other Items: 

A Different Type Face , 109 

New Low-Power Tropospheric Radio System 152 

Erratum. Vol. 27, No. 1 , 165 

Book Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 66 

Scientific Information Services , , , 198 



The Telecommunication Journal of Australia 

The Journal is issued three times a year (February, June and October) by the Telecommunica 
tion Society of Australia. The object of the Society is to promote the diffusion of knowledge of the 
telecommunications, broadcasting and television services of Australia by means of lectures, discussions, 
publication of the Telecommunication Journal of Australia and Australian Telecommunication Research, 
and by any other means. 

The Journal is not an official journal of the Australian Telecommunications Commission. The 
Commission and the Board of Editors are not responsible for statements made or opinions expressed by 
authors. 

Residents of Australia may order the journal from the State Secretary of their State of residence; 
others should apply to the General Secretary. The current subscription rates for both Telecommunication 
Journal of Australia and Australian Telecommunications Research are shown on the inside back cover 
of this issue. All rates are post free (by surface mail). Remittances should be in Australian currency and 
made payable to the Telecommunication Society of Australia. 

Editors of other publications are welcome to use not more than one-third of any article, pro 
vided credit is given at the beginning or end, thus, "The Telecommunication Journal of Australia". Per 
rmssron to reprint larger extracts or complete articles will normally be granted on application to the 
General Secretary. 

Information on how to prepare and submit manuscripts and contributions for the Journal is 
eveilable from members of the Board of Editors and their outposted representatives. 

Membership fees and subscription orders should be addressed to: 
WITHIN AUSTRALIA 
The State Secretary, Telecommunication Society of Australia, 

Box 6026, G.P.O., Sydney, N.S.W. 2001. 
Box 1802Q, G.P.O., Melbourne, Vic. 3001. 
Box 1489, G.P.O., Brisbane, Qld. 4001. 
OVERSEAS APPLICATIONS 
The General Secretary, Telecommunication Society of Australia, 
Box 4050, G.P.O., Melbourne, Victoria, Australia, 3001. 

Box 1183, G.P.O., Adelaide, S.A. 5001. 
Box Tl 804, G.P.O., Perth, W.A. 6001. 
Box l 0,000T, G.P.O., Hobart, Tas., 7001. 

BOARD OF EDITORS 
L. M. MITTON, Editor-in-Chief 
L. TYRELL 
D. A. GRAY 
M. RHEINBERGER 

Secretary: M. R. SEWELL 

REPRESENTATIVES 
New South Wales 
J. F. McCARTHY 

L. N. CUNNINGHAM 
N. A. CAMERON 
R. W. E. HARNATH 
G. MOOT 

R. A. CLARK 
R. C. BARTON 
M. D. BURNS 
H. P. GUTHRIE 

Victoria 
A. MORTON 
F. A. WATERS 

Queensland 
F. M. SCOTT 

Western Australia 
G. WHITE 

ADVERTISING 

Tasmania 
0. C. WINTER 

South Australia 
R. J. SHINKFIELD 

All enquiries from prospective advertisers should be directed to: 
ADVERTISING MANAGER, 
Box 4050, G.P.O., Melbourne, Australia, 3001 
Telephone (03) 630 77 46. 



Antenna Multicouplers at VHF and UHF 

FOREWORD 

The following three papers were presented at 
a Colloquium held in Melbourne on 23rd of 
February 1977. The Colloquium was organized 
by Telecom Australia, and dealt with the 
increasingly pressing problem of how to couple 
many radio services into a small number of 
antennae without intolerable interaction. 

The papers have been revised somewhat to 
make the material more suitable for written 
presentation, but the content is much the same 
as presented at the Colloquium. 

The first paper outlines how some of the 
specifications on antenna couplers are ob- 

tained. The second paper treats the antenna 
coupler design problem from a building block 
viewpoint. outlines the available devices and 
demonstrates how they are used in practice. 
The third paper deals with possibly the most 
complex network the manufacturer may need 
to design - the filter. This paper serves to 
show that there are gains to be made in size, 
cost and performance by mastering the art of 
filter design. 

The attendance and discussion at the 
Colloquium showed that there is a high degree 
of interest in antenna coupler design. 

The situation which can arise when a number of VHF transmitters or receivers use separate antennas on the one 
tower. Antenna Multicouplers, as described here, enable a single antenna to do the same job. 
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Multicoupler Performance Specifications 

L. J. DERRICK, B.E. 

This paper reviews the Telecom Australia requirements for antenna multicouplers in the VHF and 
UHF frequency range and shows how some of the important performance specifications are set. 
Some of the circumstances in which it would be advantageous to use such devices with single 
antennas rather than the use of separate antennas for each transmitter or receiver are also discus 
sed. 

INTRODUCTION 
As greater numbers of radio systems are re 

quired to operate satisfactorily on individual 
sites, it often becomes necessary to have 
available devices which enable the numbers of 
transmitters and/or receivers to share common 
antenna systems. 

The devices or circuits under discussion can 
broadly be defined as systems for combining a 
number of radio equipments into the one anten 
na. This paper restricts itself to narrow band 
devices and does not consider the broadband 
devices such as TV filterplexers and multi-band 
microwave transmitter/receiver combiners. The 
devices are commonly known under one of the 
following titles: 
• Duplexer, (specifically refers to a 
transmitter-receiver coupler for duplex 
operation) 

• Diplexer, (specifically refers to a coupler 
for two radio equipments) 

• Transmitter combiner 
• Multicoupler 
• Multiplexer 
• Transmitter-receiver combiner 
• Receiving antenna splitter 

Telecom Applications 
The main requirements for the multiple use 

of antenna systems exist in the mobile, group 
subscribers, and small capacity radio services. 
At this stage the main frequency bands of in 
terest are the 160 MHz (VHF) and 450 MHz 
(UHF) nominal bands. Some requirements also 
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exist in the 80 MHz (VHF) band. In the mobile 
service, base transmitter combiners, base 
transmitter-receiver combiners and mobile 
transmitter-receiver combiners are employed. 
Base station receiving antenna splitters are also 
sometimes required where a number of 
receivers are fed from the one antenna system. 
In the group subscribers and small capacity 
point to point radio services requirements also 
exist for transmitter and transmitter-receiver 
combiners. 

Three basic types of radio systems are used 
i.e. single frequency and two frequency simplex 
systems employing press to talk arrangements 
and full duplex systems. The simplex systems 
are mainly employed in mobile radio systems 
not connected to the telephone network. 

Future operation of mobile systems in the 
900 MHz region where the use of large 
numbers of radio channels in radio systems is 
anticipated will no doubt require the availability 
of multi-couplers for this band. 

Reasons for using these devices 
The situation often occurs where an existing 

antenna structure is required to accommodate 
additional radio services but there is insufficient 
physical space available or the structure cannot 
be safely subjected to any additional wind load. 
Multiplexing of additional services into existing 
or replacement antenna systems is therefore a 
useful technique to avoid the cost and disrup 
tion involved in the erection of an additional 
structure. Further, there are sometimes 
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aesthetic reasons for limiting the number of 
antennas on a structure. Accommodation for 
antennas on buildings is sometimes allowable 
only on the basis of a small number of un 
obtrusive antennas being installed. 

Another reason for sharing antennas is the 
predictability of the isolation between transmit 
ters and/or receivers using this technique, and 
therefore, the level of unwanted intermodula 
tion products is known. If single antennas are 
installed on a structure, the isolation between 
them is not always predictable in the practical 
case because of proximity to structural ele 
ments and other objects. The siting of antennas 
is often decided on site and the system 
designer's assumed isolation between antennas 
may not always be realised. 

There are also some situations where there 
may be suitable space available for additional 
antennas, however, because of a long run of 
feeder cable required, expensive large diameter 
low loss cable is used. The most economic solu 
tion in these cases may be to use shared anten 
nas rather than multiple runs of feeders to in 
dividual antennas. 

Horizontal radiation patterns can also be dis 
turbed by the proximity of antennas mounted at 
about the same level on a structure. Sharing of 
antennas once again can avoid this problem. 

In the mobile situation using a duplex service 
(such as the public automatic mobile service) 
the use of a transmitter- Receiver combiner 
(duplexer) is necessary to avoid the use of more 
than one antenna on the mobile and to control 
the transmitter receiver isolation. 

THE SETTING OF PERFORMANCE 
SPECIFICATIONS 
Transmitter Combiners 

When transmitters are combined into the 
one antenna system, intermodulation products 
are produced in the output stage of each trans 
mitter due to mixing of each transmitter's out 
put with signals from all other transmitters in 
the relatively non-linear power amplifier stage. 
The most significant products are the third 
order 2A- B ones. It is of course necessary to 
limit the level of these products to reduce in 
terference to other channels. The Postal and 
Telecommunications Department specifications 
generally require the level of any intermodula 
tion product to be less than 2.5 micro watts at 
the antenna terminal (-56 d Bw). 

To illustrate this requirement an example of a 
two transmitter combiner is shown in Fig 1 

j 

Fig. 1 - Example of a Two Transmitter Combiner 
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which consists of isolators and filters. A calcula 
tion of the system loss to intermodulation 
product formation is shown below to illustrate 
the level of rejection required in the individual 
components to meet the above specification. 
This system might be used in a mobile base sta 
tion transmitter combiner with typically 50 watt 
transmitters. 
12 loss 
F2 loss at f2 
F, loss at f2 
I, isolation 
T 1 conversion attenuation for 2A- B 
products 
I, loss at 2f, - f2 
F, loss at 2f, - f2 
Total Cable Loss 
Therefore. Total system loss Ls 
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= 1 dB 
= 1 dB 

= 14 dB 
30 dB 

14 dB 
= 1 dB 

= 14 dB 
= 1 dB 

= 76 dB 

5 10 15 20 

Fig. 2 - Transmitter Noise Spectrum 

(the loss due to any mismatch at junction J has 
been ignored) 

For T, and T2 power of 50 watts(+ 17 dBw) 

Intermodulation product level IMP 
= Pr-Ls 
= 17-76 
= -59 dBw 
(target-56 dBw) 
the minimum system loss to meet the specifica 
tion is 73 dB. This calculation is for one of the 
intermodulation products. Similar calculations 
would of course apply to the other main 
product. 

To maintain sufficient effective radiated 
power. the loss in these combining systems 
should be kept to a minimum. Due to un 
avoidable losses in these systems. particularly 
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Fig. 3 - Receiver Desensitization Curve 

where close frequencies spacings exist, high 
transmitter powers and/or antenna gains are 
sometimes required. The higher power solution 
however further aggravates the intermodulation 
problem. 
Transmitter-Receiver Combiners 

The main requirement of the transmitter 
receiver combiner in a duplex system is to 
provide sufficient isolation between the trans 
mitter and the receiver to prevent blocking or 
desensitization of the receiver. Transmitters 
produce a noise spectrum as well as the wanted 
output signal. and noise will exist on the 
receiver frequency. The receiver will also have a 
response off its tuned frequency and on the 
transmitter frequency. Therefore isolation at 
both the transmitter frequency and the receiver 
frequency is required. To illustrate this require- 
DERRICK - Multicoupler Performance Specifications 

ment, an example of a transmitter noise 
spectrum is shown in Fig. 2 and a receiver 
desensitization curve is shown in Fig. 3. The 
desensitization curve shown is for a reduction of 
the 20 dB Signal/Interference Noise and Distor 
tion (SINAD) ratio of 3 dB (0.5 micro volts, 5 
KHz deviation wanted signal). The isolation re 
quirement can be illustrated by superimposing 
the two curves at the transmitter-receiver fre 
quency spacing. An example of 5 MHz spacing 
is shown in Fig. 4. From this figure it is seen 
that a transmitter noise reduction of 47 dB is 
required at the receiver frequency and a 35 dB 
reduction of the transmitter at the carrier fre 
quency is required. 

To allow for tolerance on individual units and 
to reduce the desensitization to a negligible 
amount an additional margin of about 10 dB on 
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Fig. 4 - Transmitter Noise Spectrum and Receiver Desensitization Superimposed. 

the above isolation figures would be required. 
The above isolation figures assume that any dis 
crete frequency spurious signal from the trans 
mitter is stable and would not drift into the receiver 
pass band. 

The loss to the wanted signals in both the 
receiver and transmitter paths should be low. In 
the transmitter case this is required to maintain 
the effective radiated power particularly in the 
mobile case where there is a practical limit to 
the transmitter power and antenna gain. Loss in 
the receiver path effectively increases the noise 
figure of the receiver. Where the limitation to 
reception is external noise pick up, the loss 
figure can be relaxed as the external noise 
becomes the limitation. In electrically quiet en~ 
vironments however the loss is more important. 
Typically a loss of 1 dB is tolerable in most 
cases. 

General 
The isolation of these combining systems 

sometimes depends on suitable matching to the 
antenna. With balance type devices such as 
hybrids the isolation produced will vary with the 
VSWR of the load. Because of this the VSWR 
reference the nominal impedance (often 50 
ohms) of the system is specified to be approx 
imately less than 1.2. 

Systems for mobile applications must allow 
for the environmental situation encountered. 
Specifications in this instance are often required 
to be met under the vibration conditions ex 
isting in this application and over a temperature 
range of -10°C to + 60°C. For fixed installations 
in untreated environmental conditions the 
temperature range may be 0°C to 50°C. For 
mobile use physical size of transmitter 
receiver combiners must be small in view of the 
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typical physical size of the transmitter-receiver 
which may have dimensions such as 365 by 
270 by 125 mm. The frequency bandwidth re 
quired will depend on the particular require 
ment and the transmitter receiver frequency 
spacing will be set by the standard duplex chan 
nel allocations. For the proposed automatic 
mobile service a bandwidth of between 2 
and 3 MHz will be required for the transmitter 
receiver combiner to accomodate about 1 00 
channels. 

CONCLUSION 
As indicated above, to make maximum use 

of existing radio sites it is often of advantage to 

employ combining devices to enable single 
antennas to be shared by a number of transmit 
ters and/or receivers. These combining devices 
must enable transmitters to operate into single 
antennas while attenuating intermodulation 
products, formed in the output of the transmit 
ters, to a tolerable level. The devices must also 
provide sufficient isolation between transmit 
ters and receivers to prevent receiver blocking 
and desensitization. Other parameters of the 
devices such as temperature stability and im 
pedance are shown to be important in maintain 
ing the required performance under all expected 
environmental and antenna matching condi 
tions. 

A DIFFERENT TYPE 

Readers will notice a change of type-face in 
some of the articles in this issue of the Journal. 

When the type, with which you have become 
familiar in the main body of the text of most arti 
cles, was introduced in Volume 23, No. 2, a 
note inside the front cover invited readers' views 
on the large type-face as compared with the 
smalier one used in the last artiicle in that issue. 

There has been little or no comment from 
readers on the subject but a viewpoint from the 
editorial ranks favoured the neat style of the 
small type with the qualification that possibly a 
little larger size would make for easier reading. 

While the Editor in Chief was considering 
means of securing the best features of both 
types it transpired that our printer also had 
reasons to consider changes. 

In line with modern trends in the printing in 
dustry, Standard Newspapers Ltd. is transfer 
ring as much typesetting work as possible from 
linotype to phototype setting; in general terms, 

FACE 

from hot setting to cold setting. 
Advantages are better, uniform quality work 

since the type itself is not subject to wear, 
faster setting, simpler correction procedure; the 
equipment is more compact, quieter and cleaner 
in operation. 

Photon is the trade name of the system used 
in this instance. The articles with the different 
look about them in this issue use type from the 
Photon series of fonts. 

Although the lino type has been an effective 
type-setting medium for some 80 years and is 
not yet obsolete, it seems inevitable that more 
and more of the printed matter which comes 
before us in the future will have been put 
together by one of the more modern cold setting 
processes. 

Your Journal will adapt to and take advan 
tage of these technological changes as ap 
propriate. 

Editor in Chief 
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A Building Block Approach to Multicoupler Fundamentals 

N.A. McDONALD, Ph. D. 

This paper is an introduction to the techniques used in the design and construction of aerial 
couplers. It introduces first the components commonly used in multicouplers and then describes 
how these components may be assembled to make a variety of configurations to suit given require 
ments. The configurations described are encountered in VHF and UHF mobile radio systems. 

INTRODUCTION 

The preceding paper by L.J. Derrick has out 
lined the applications of multicouplers in VHF 
and UHF radio communications systems, and 
has shown how the necessary performance 
specifications are determined. This paper will 
provide an introduction to the techniques used 
in the design and construction of such multi 
couplers. The first section will deal with compo 
nents used in multicouplers, and the second 
section will deal with assemblies of these com 
ponents to make various multicoupler con 
figurations. 

The building block viewpoint in this paper 
provides a good introduction to multicoupler 
techniques. It is also a common approach to 
multicoupler construction, especially where 
only a small quantity of a particular multi 
coupler type is required. For larger quantity 
production, the combining of more than one 
building block function in one physical element 
Is sometimes possible. 

BUILDING BLOCKS IN MULTICOUPLERS 

Bandpass Filters 

The first building block element to be con 
side red will be the bandpass filter as 
represented in Fig. 1. On the transmission 
response diagram there is a peak at the pass 
frequency f1 and reduced transmission at all 
other frequencies. Bandpass filters are com 
monly made from one or more coaxial line 
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resonators, although other forms such as comb 
line and interdigital filters are sometimes used. 
Refer to the coaxial line resonator in Fig. 2(a). 
The centre conductor is one quarter wavelength 
electrical, and slightly shorter than one quarter 
wavelength physical because of the end effect. 
Coupling into and out of the resonator is com 
monly achieved with magnetic field loops 
placed up towards the short circuit end of the 
resonator, although electric field probes placed 

T 

PASS f 1 

Fig. 1-Bandpass FIiters 
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Fig. 2-Resonator Construction, Symbols and 
Equivalent Circuits 

towards the open circuit end are sometimes 
used. With very short lead lengths the 
equivalent circuit is that of a parallel resonant 
circuit as shown in Fig. 2(b). If, however, the 
loops are extended out with quarter wavelength 
transmission lines on each side of the resonator, 
these transmission lines act as impedance in 
verters and the equivalent circuit is that of a 
series resonant circuit as in Fig. 2(c). The un 
loaded Q of such a resonator is typically in the 
range of 3000 to 8000. 

Fig. 3-Cascade Connection and Passband Shapes 

A number ot resonators can be connected in 
cascade as in Fig. 3(a). In this way the off 
frequency rejections are additive, but if arbitrary 
interconnections are used between the cavities, 
then an arbitrary passband shape will be ob 
tained. However, with proper design of the in 
terconnections between the resonators. the 

vn,,..... 1...u received the B :E. degree from the University of 
in 1961 and the M.A.Sc. and Ph.D. degrees 
onto, tanada, in 1963 and 1971, respectively. 
3. to 1968. he was a Radio Systems Engineer 

ealand Post Office. From 1961 to 1963 and from 1968 
to 1 with the Department of Electrical Engineering., Univer~ 

From 19 71 to 19 7 5 he designed antennas and antenna 
· with Antenna Engineering Australia Pty. Ltd., 

with the Department of Communication and . 
the Royal Melbourne Institute of Technology. 
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Fig. 4-Bandstop Filters 

(b) 

passband shape can be wide and flat topped as 
in Fig. 3 (b) or rounded and narrow as in Fig. 3 
(c). The passband shape shown in Fig. 3 (d) is 
that of a typical arbitrary interconnection 
between the resonators. 

Many bandpass filters use quarter wave 
coaxial line resonators as they are tunable over 
a wide range and various passband shapes are 
available. For narrowband multicouplers a par 
ticular response shape, namely the "minimum 
loss characteristic", is most desirable. Many 
bandpass filters are made from assemblies of 
individual resonators because of the economics 
of manufacture, by comparison with the costs 
of making interdigital and combline filters. 
Bandstop Filters 

The second building block element to be 
considered is the bandstop filter as shown in 
Fig. 4 (a). The transmission is almost zero at 
frequency f1. It is very simple in practice to con 
vert the symmetric bandstop response of Fig. 4 
(a) into an asymmetric shape such as in Fig. 4 
(b), which shows a stop f 1 pass f2 response. A 
single resonator can be used as a bandstop ele 
ment by using only one coupling loop and. a 
quarter wavelength line which bridges across 
the main transmission line as in Fig. 5 (a). Al 
resonance, the input impedance of the· 
resonator is very high and resistive. so that at 
the other end of the transmission line the im 
pedance is very low and resistive. and therefore 
the equivalent circuit is that of a series resonant 
circuit bridging across the main transmission 
line as in Fig. 5 (a). If the transmission line 
letigt,h is slightly different from one quarter 
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T 

Fig. 6-Resonators used as Bandstop Filters 

1 I BS RESPONSE 
/.At' 

I 
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Fig. 6-Transmisslon of Filters 

wavelength, then this introduces the asym 
metric response of Fig. 4 (b) and the peak can 
be made on either side of the rejection notch 
according to whether the transmission line 
length is longer or shorter than one quarter 
wavelength. A simple analysis of such elements 
can be carried out by use of the Smith Chart. 

A number of bandstop elements can be con 
nected in cascade as in Fig. 5 (b) to give any 
predetermined bandstop filter response. The 
resonators used in such bandstop filters are 
either the coaxial line resonators referred to 
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earlier, or helical resonators. The reason for us 
ing helical resonators can be seen by inspection 
of Fig. 6 which shows a requirement where two 
different frequencies f 1 and f2 are to be isolated 
or separated by a particular attenuation. The 
solid curve gives a typical bandpass response to 
fulfil! the isolation requirement and the dotted 
curve shows a typical asymmetric bandstop 
response to meet the same requirement. For a 
given number of resonator elements and a 
given allowable insertion loss at the pass fre 
quency f1, the required unloaded Q of the band 
pass filter elements is higher than the required 
unloaded Q of the bandstop filter elements. Ac 
cordingly, more helical resonators, which have a 
lower Q than coaxial line resonators, are used in 
bandstop filters than are used in bandpass 
filters. 
Bridge Filters 

The filters considered above all have in their 
physical realisations a finite attenuation at the 
stop frequency. The question arises whether it 
is possible to construct a filtering device in 
practice which has in principle an infinite at 
tenuation at the stop frequency. It will be 
recognised that various bridge configurations 
such as the bridged T network are capable of in 
finite attenuation in their physical realisations. 
Accordingly it should prove possible to make a 
stop filter based on a bridge configuration and 
one such form is shown in Fig. 7. To consider 
the operation of this bridge filter, first eliminate 
the network shown dotted on the left side and 
the resonator and quarter wave transmission 
line shown on the right side. The upper and 
lower transmission lines represent the input and 
output. The two can be interchanged as the 
network is completely reciprocal. A signal 
entering the bridge configuration from the top 
travels one half wavelength through the twoleft 
transmission lines to the bottom and one full 
wavelength through the two right hand trans 
mission lines, and therefore the total signal at the 
bottom transmission line is zero. 

Such a network will give a very deep rejec 
tion but this rejection will occur over quite a 
wide bandwidth. The next problem is to obtain 
at the same time a pass response and this is 
achieved by connecting to the right hand corner 
of the bridge what we would normally regard as 
a bandstop element, but in this case it is used 
as a switch to switch the bridge. The resonator 
is tuned to the pass frequency and the input im 
pedance at the bridge end of the quarter wave 
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line is therefore very low and resistive at this fre 
quency. Consider an ideal case in which this 
resistance is zero. This short circuit will 
transform to an open circuit at the upper and 
lower transmission lines and the signal path is 
therefore from the upper to the lower transmis 
sion line via the left hand pair of quarter wave 
lines. At the stop frequency there may well be 
some residual effect due to· connecting the 
bandstop element to the bridge, but such a 
residual effect can be balanced out by con 
necting a compensating network on the op 
posite side of the bridge. 
Hybrid Power Dividers 

The next building block element to consider 
is the Hybrid Power Divider as represented in 
Fig. 8. This is a 4 port network of which 1 port 
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is often terminated. The emphasis in the title 
Hybrid Power Divider is on the Hybrid term 
which has an analogy with the hybrid 
transformer of telephony practice. An input into 
one port appears with equal signal levels at the 
two adjacent ports and zero signal appears at 
the opposite port. It should be noted that there 
are many other power dividers such as the 
power dividers used in transmitting antenna ar 
rays which are not hybrid power dividers in the 
sense of having isolated outputs. A property 
therefore of a hybrid power divider is that there 
is equal power division, and in principle. com 
plete isolation between the input and the op 
posite ports. In practice with matched termina 
tions an isolation of approximately 30 dB is 
achieved. The hybrid power dividers used in 
multicouplers are commonly constructed either 
in the form of hybrid rings or as 3 dB directional 
couplers, or as the class of transmission line 
networks known specifically as hybrid power 
dividers. 

One property of hybrid power dividers which 
will be made use of later is shown 
diagrammatically in Fig. 9 (a). If there is an input 
to the left port then two equal level signals will 
appear at the adjacent ports and zero level at 
the opposite port. It will be assumed that the 
two outputs are in phase. Some hybrid power 
dividers do not instrinsically have in phase out 
puts but with narrow band devices it is possible 
to bring the two outputs in phase by adding a 
length of transmission line to one of the out 
puts. By reciprocity if two in phase signals are 
applied to the two outputs they will combine at 
the port which was previously the input but if 
instead two out of phase signals are applied as 
in Fig. 9 (b) then the output appears at the 4th 
port and there is no signal appearing at the 
original input port. Hybrid power dividers are 
physically small devices by comparison with 
coaxial line resonators. 

INPUT 

0 
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(a) 

OUTPUT 

(b) 

Fig. 9-Phase Relations in Hybrid Power Dividers 

(a) (b) 

Fig.10-Clrculator and Isolator Symbols 

Circulators and Isolators 
The next items to consider as building blocks 

in multicouplers are circulators and isolators as 
depicted in Fig. 10. A circulator is a 3 port 
device having a particular direction of signal 
rotation as shown in Fig. 10 (a). This is the first 
non-reciprocal device encountered in this sum 
mary of multicoupler elements. A signal enter 
ing the left port of Fig. 10 (a) rotates clockwise 
to the right port, a signal entering at the right 
port rotates clockwise to the lower port, and a 

signal entering the lower port rotates clockwise 
to the left port. If the lower port is terminated 
with a matched load as in Fig. 10 (b), then the 
circulator becomes an isolator and a signal will 
travel from the left port to the right port with 
very small attenuation but a signal entering at 
the right port does not appear at the left port as 
it is dissipated in the load. Typical electrical 
characteristics of an isolator are 25-30 dB 
reverse isolation for a forward insertion loss of 
0.5 to 1 dB. They also are physically small 
devices by comparison with coaxial line 
resonators. 
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Other Components 
For completeness. the following devices 

should also be included in any summary of 
building blocks for VHF and UHF multicouplers. 
These devices are: 
(i) Transmission line sections. which are often 

more than simply devices to interconnect 
equipment items, insofar as they are fre 
quently used as impedance matching or im 
pedance inverting devices. 

(ii) Amplifiers. for the reason that there are 
some multicouplers known as active receiv 
ing multicouplers, in which amplifiers are 
used. 

(iii) Low pass filters and high pass filters which 
are sometimes incorporated in mul 
ticouplers. 

MULTICOUPLER CONFIGURATIONS 
The next part of this review is an outline of 

some of the various common multicoupler con 
figurations. Because of the considerable 
number of building blocks that have been con 
sidered above. it will be recognised that there 
will be a very large number of ways in which 
these building blocks can be interconnected and 
only the more common resultant multicoupler 
configurations will be dealt with here. The first 
multicoupler configurations to be considered 
will be those which use as their basis frequency 
selective filters. as these are by far the most 
common multicouplers encountered in practice. 
Parallel Coupled Bandpass Filters 

Fig. 11 (a) shows an interconnection of two 
bandpass filters fulfilling a multicoupling or 
diplexing function for frequencies f1 and f2. It is 
apparent that isolation will be provided 
between the equipments on frequencies f1 and 
f2 as a consequence of the selectivities of the 
two bandpass filters. However there is an ad 
ditional requirement to be met. and that is im 
pedance matching at the junction between the 
two bandpass filters and the main transmission 
line. Consider, for example. a signal travelling 
from the main transmission line to the equip 
ment item operating on the frequency f1. To 
provide satisfactory impedance matching at the 
junction. it is apparent that the pass f2 filter 
must present a very high impedance at the 
junction at frequency f 1. and likewise the pass 
f1 filter must present a high impedance at the 
junction at the frequency f2. 

It is not difficult in practice to achieve this 
impedance requirement particularly over the 

small bandwidths of VHF and UHF mul 
ticouplers used for mobile radio systems. 
However, there are other multicouplers such as 
military multicouplers which are required to 
tune over typically one octave and the im 
pedance matching requirement in such situa 
tions is more difficult to achieve. In Fig. 11 (b) 
there is an extension of the parallel coupled 
bandpass filter configuration to a case where 
there are four channels operating on separate 
frequencies, and it is seen that by appropriate 
connection of four bandpass filters the mul 
ticoupling requirement of physical combining 
and electrical isolation can be achieved. 
Parallel Coupled Bandstop Filters 

The question arises whether a combining 
function can be achieved by use of bandstop 
elements only, and a bandstop diplexer is 
shown in Fig. 12. The isolation between the f1 
and f2 equipment items is provided by stop 
filters in this case. and where there are only 2 
channels as shown in Fig. 12 it would be com 
mon to make the stop filters asymmetric so that 

PASS f1 t-f1 

(a) 
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they have a combined pass and stop response. 
The outline of Fig. 12 is the very corn mon 
bandstop diplexer configuration which is fre 
quently constructed using helical resonators. If 
it is desired to extend a bandstop diplexer 
beyond two channels, to make a bandstop mul 
ticoupler, then the number of elements required 
increases considerably, as illustrated by the ex 
ample in Fig. 13 which shows a three channel 
multicoupler comprised only of bandstop filters. 
Each frequency has to be protected against the 
other two frequencies so that in principle there 
are six elements involved. However it is possi 
ble to combine two of the stop f3 filters shown 
in Fig. 13 (a) into the form of Fig. 13 (b) which 
gives a minimum element configuration for a 
three channel multicoupler using only bandstop 
filters. The transition from the bandstop diplexer 
of Fig. 12 to the bandstop multicoupler of Fig. 
13 (b) is a transition from devices which are en 
countered very commonly in practice, to 
devices which are hardly ever encountered. 
Ther:e are two reasons for this. One is the added 
complexity of the bandstop multicoupler by 
comparison with its bandpass counterpart, as 
seen above for three channels, and the other 
factor is one of multicoupling philosophy. 

If there is a number of allocated frequencies 
it is in principle best to make a multicoupler 
which passes only the frequencies that are 
regarded as desirable, and this multicoupler will 
then provide some attenuation at other frequen 
cies such as those of intermodulation products 
and harmonics. On the other hand, if only band 
stop devices are used, then attenuation is 
usually only large at the operating frequencies, 
and spurious frequencies such as those of inter 
modulation products are not reduced to a large 
or significant extent. It is therefore very com 
mon for multicouplers with more than two 
channels to incorporate bandpass filters wh.ere 
frequency separations and physical space per 
mit. 
Sequentially Connected Bandpass Filters 

It would be extremely convenient if a number 
of bandpass filters could be sequentially con 
nected to a transmission line as shown in Fig. 
14. While such an arrangement does indeed 
provide isolation between the various radio fre 
quency equipment items operating on the dif 
ferent frequencies, the configuration is not 
satisfactory as shown because of the lack of im 
pedance matching at the junctions between the 
bandpass filters and the main transmission line. 
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There are two common ways of obtaining cor 
rect impedance matching at these junctions. 
The first, which is quite common in broadband 
microwave bearer systems, is to terminate the 
lower end of the main transmission line with a 
reactive load (normally a short circuit) and then 
to place a phase shifter below each junction of a 
bandpass filter with the main transmission line. 
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The phase shifters are then adjusted from the 
bottom in turn so that the correct impedance is 
presented at the transmission line junctions. 

An alternative technique which is more com 
mon in VHF and UHF multicouplers is to place a 
bandstop filter below each junction as shown in 
Fig. 15. A bandpass filter and bandstop filter 
can be manufactured as a combined package, 
and a system can be extended in the number of 
channels that it operates by adding such a 
package at the end of the main transmission 
line. The bandstop filter is located so that it pre 
sents an effective open circuit at the cor 
responding junction between bandpass filter 
and main transmission line. 
Hybrid/Filter Combinations 

The next multicoupler configuration to be 
considered is the Hybrid/Filter combination. 
Although a hybrid power divider used alone has 
an inherent 3 dB power division loss, this does 
not mean that all devices using hybrid power 
dividers are lossy. In the configuration shown in 
Fig. 16, two hybrid power dividers are used 
together with two band-pass filters. For a sim 
ple explanation of how this configuration 
operates. consider a frequency f1 applied to the 
lower port. This signal will divide equally in the 
lower hybrid power divider and pass through 
the bandpass filters for combining at the upper 
hybrid power divider. The f1 signal therefore ap 
pears at the main transmission line at the top of 
the diagram. Consider now a frequency f2 ap 
plied to the 4th port of the upper hybrid power 
divider. This signal will divide equally in the up 
per hybrid power divider, and the two compo 
nent signals will travel towards the two band 
pass filters. However the bandpass filters do not 
transmit frequency f2 which is therefore 
reflected. The two reflected components arriv 
ing back at the upper hybrid power divider are 
now out of phase because of the quarter wave 
difference in the two transmission line lengths. 
The two components of f2 therefore recombine 
in the upper hybrid power divider to give an f2 
output on the main transmission line. This ap 
proach can be extended to more than two fre 
quencies when it is recognised that there is no 
unique feature which determines the frequency 
f2. Therefore if frequencies 2, 3, 4 and 5 are ap 
plied to the upper hybrid power divider and fre 
quency f1 to the lower hybrid power divider, 
then all frequencies f1 to f5 will appear at the 
main transmission line. This configuration 
therefore provides a method for extracting a 

particular frequency out of a large number of 
frequencies. When hybrid power dividers are 
used without frequency selective elements, 
then the 3 dB power division loss must be ac 
cepted. 
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Hybrid/Isolator Combinations 
The next configuration to be considered is 

the hybrid/isolator combination. In the above, it 
has not been important whether the radio 
equipment items in the multicoupler configura 
tions have been transmitters or receivers, as 
only reciprocal devices have been considered, 
and it is only in the amounts of isolation re 
quired that the two cases are different. 
However when non-reciprocal elements are in 
corporated into multicouplers, it is necessary to 
know whether transmitters or receivers are be 
ing used. Fig. 17 (a) shows a combining 
network for two transmitters. This combiner 
would be used where the frequencies of the two 
transmitters are so close that frequency selec 
tive filters cannot be used. The combining func 
tion in Fig. 17 (a) is provided by the hybrid and 
additional isolation between the two transmit 
ters is provided by one or more isolators in each 
transmitter path. From each transmitter to the 
transmission line there would be approximately 
4 dB attenuation. Of this, 3 dB would be power 
division loss in the hybrid, and the other 1 dB 
would be dissipative loss in the isolator and 
hybrid. Whereas the hybrid on matched loads 
would have an isolation of approximately 30 dB 
or more, the isolation obtained in the configura 
tion of Fig. 17 (a) will be dependent on the im 
pedance of the antenna connected at the end of 
the main transmission line. If the antenna has a 
VSWR of 1.5, this corresponds with a return 
loss of 14 dB. A signal entering the hybrid from 
one transmitter is therefore reduced initially by 
3 dB due to power division. It leaves on the 
antenna transmission line and returns from that 
line reduced by another 14 dB. That returning 
signal is further reduced by 3 dB before leaving 
in the direction of the other transmitter. The 
isolation provided by the hybrid is therefore 20 
dB as against its rather higher value obtained 
with two matched loads. It is not desirable 
practice to over design the antenna system for 
very low VSWR, as if circumstances such as ic 
ing are encountered, then this will affect the 
antenna VSWR in any case. 

It may be considered that one method of im 
proving the isolation provided by the hybrid 
power divider would be to insert an isolator in 
the main antenna transmission line as shown in 
Fig. 17 (b).This should eliminate any reflected 
signal from the antenna and therefore enable a 
higher isolation to be achieved across the 
hybrid. However placing an isolator in such a 
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location is not good practice. because isolators 
have a finite range of linearity and can generate 
intermodulation products and harmonics. In the 
location in Fig. 17 (b), the isolator is subject to 
strong levels from both transmitters and this is 
the worst situation for the generation of inter 
modulation products. In addition, any such 
products generated have unimpeded access to 
the antenna. 
Filter/Isolator Combinations 

When transmitters, having a significant fre 
quency separation. are to be combined but 
there is insufficient physical space to allow a 
multicoupler constructed only of bandpass 
filters to be used, the filter/isolator combination 
shown in Fig. 18 is useful. The configuration in 
Fig. 18 is suitable for two transmitters. but the 
technique is also applicable for larger numbers. 
The two bandpass filters are simple and provide 
the multicoupler combining function. The ad 
d itiona I isolation required between the 
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transmitters is provided by the isolators. By 
comparison with the configuration shown in 
Fig. 17, the configuration shown in Fig. 18 has 
the advantages that there is no 3 d 8 power divi 
sion loss in a hybrid, and that any intermodula 
tion products or harmonics generated in the 
isolators have to pass through frequency selec 
tive filters before reaching the antenna. 

BP FLT HPID 

Fig.19-Active Multlcouplers ( Receiving) 

Active Multicouplers (Receiving) 
The final multicoupler configuration to be 

considered in this review is the active receiving 
multicoupler. In this configuration, shown in 
Fig. 19, an amplifier is used to amplify the 
received signal before it is divided between the 
receivers with a hybrid power divider. The 
hybrid power divider can have many outputs, 
and numbers up to 32 are common. To prevent 
blocking of the sensitive main receiving 
amplifier by nearby transmitters, the amplifier is 
preceded by a bandpass filter, of bandwidth ap 
propriate to the channels being received. This 
configuration is most useful in two-frequency 
plan situations. where the transmitters at the 
base station occupy one segment of the al 
located frequency band, and the receivers oc 
cupy another segment. This configuration is at 
present used only for receiving situations 

because of the difficulty in obtaining the 
linearity that would be necessary for it to be 
used in a transmitting case. For example, con 
sider the case of ten, 50-watt outputs. Fifty 
watt is a convenient power level to consider as 
it is not uncommon and it corresponds with 50 
volts on a 50 ohm transmission line. If ten 
signals are to be combined so that the total out 
put power is 50 watts on each of ten different 
frequencies, the average output power require 
ment of the amplifier is 500 watts. However 
because the ten signals are not related in any 
way, there will be times when the ten signals 
combine in phase to give a voltage of 500 volts, 
which on a 50 ohm transmission line corres 
ponds with a power of 5 kilowatts. Therefore 
the linearity must be that of a 5 kilowatt 
amplififer, although the average output power is 
only 500 watts. 
CONCLUSION 

The above are the more common mul 
ticoupler configurations in use for VHF and UHF 
mobile radio systems. Many other configura 
tions are of course possible. Some are patented 
and some physical realisations of the mul 
ticouplers shown above are patented. Other 
multicouplers, such as in military communica 
tions systems, need different approaches, to 
satisfy such requirements as rapid retuning, 
often over a wide frequency range. The op 
timum multicoupler configuration for a par 
ticular application is determined largely by the, 
frequency plan. It is at the time when the fre 
quencies are allocated that the difficulty of the 
subsequent multicoupler design is established. 
In addition, the frequency plan will determine 
the maximum number of radio frequency chan 
nels or equipment items that can be accom 
modated on one site. 
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Meeting Specifications with Practical Filters 

R. L. GRAY, B.E. (Hon.) M.E., Ph.D. 

An essential element of the better couplers is the frequency-selective filter. The following 
paper sets out some principles in a quantitative way for the assistance of radio system designers 
who may wish to examine the cost or feasibility of various coupler proposals. It discusses a 
theoretical relation between stopband rejection, frequency separation and loss for a given choice of 
elements and complexity and suggests an optimum trade-off. This theme is further developed to 
show the extent to which performance can be improved, or complexity reduced, by matching the 
filter stopband response more closely to the requirement. 

INTRODUCTION 
The couplers discussed here owe their direc 

tional or signal-separating property to their fre 
quency selectivity. That is, they are filters which 
have a common input or output. Such mul 
tiplexers are sometimes called "filterplexers". 

The problem most frequently discussed in 
the technical literature about the design of 
these devices is the minimising of interaction 
between the filters at their common input ( Ref. 
1 ). This interaction is apparent to the user as 
reflection from the common input and conse 
quent loss through the filters and standing wave 
on the feeder. However, at VHF and UHF 
several factors combine to make the problem of 
resistive transmission loss of even greater im 
portance. These are: 
• the need to separate signals which are close 

in frequency and consequently 
• the need for stable, low loss resonators in 

the filters, and 
• the necessity of making resonators large to 

achieve these high Q factors. 
The result is frequently either a large filter. or 

a lossy one; both undesirable properties, par 
ticularly for mobile applications. 

The aim of this paper is to show how to 
make the best use of lossy resonators in filters 
120 

which meet desired attenuation requirements. 
Although the examples are directed to VHF and 
UH F. the principles outlined are applicable to 
any filter which consists of resonators coupled 
together. be they waveguide, electro 
mechanical. TEM coaxial or lumped LC. 

Fig. 1 - Coupled Helical Resonator Filter Cross 
sectional View and Circuit Diagram. 
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COUPLED RESONATOR BANDPASS 
FILTERS 

Suppose we are given a number of lossy 
resonators and some means, which can be ad 
justed, of coupling them together and to the 
resistive terminations. The requirement is to re 
ject unwanted frequency bands while passing a 
wanted signal through the filter with the least 
attenuation possible from the given 
elements. A schematic of such a circuit is 
shown in Fig. 1, together with a cross-section 
view of a coupled helical resonator filter (Ref. 2) 
where the coupling of the helical resonators is 
via apertures in the separating walls. The 
screws shown are for opening and closing the 
apertures. Screws for tuning each resonator are 
shown coloured. 

The Effect on Loss of Narrower Bandwidth 
As the unwanted frequency bands are 

pushed closer to the wanted frequency, the 
filter is compelled to be narrower and narrower 
in order to provide the required rejection at the 
stop band edges. To achieve this narrowing of 
response, the coupling between resonators of 
the filter in Fig. 1 is being reduced by closing up 
the apertures. The effect on loss at the wanted 
frequency is illustrated in Figs. 2 and 3. Note 
that not only does the narrower filter have more 
loss at the wanted frequency, but the edges of 
the filter passband become more rounded. 

Other Filter Types. The Minimum Loss Filter. 

The responses shown in Fig. 2 are for a 
Tchebycheff filter type for which the coupling 
coefficients are computed assuming lossless 
resonators. The effect of resonator losses is to 
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smooth out the ripples which are characteristic 
of the Tchebycheff passband response as well 
as cause an increase in insertion loss. Since the 
Tchebycheff behaviour is so utterly destroyed by 
resonator losses, there would seem to be little 
value in using a lossless design. The question 
then arises: can a different type of filter 
response be chosen so that the effect of losses 
is reduced? Some other common types are il 
lustrated in Fig. 4 where the couplings have 
been computed to give Butterworth, 
Tchebycheff (as in Fig. 2) and the "equal 
element" responses. The last type has been 
shown by Cohn (Ref. 3) to be the optimum in 
terms of mid-band loss. Also shown in Fig. 4 is 
a predistorted or "loss-compensated" filter. This 
is included to emphasise that. although it is 
possible to achieve a Tchebycheff response in 
the presence of losses, this can be done only at 
the expense of a large increase in insertion loss. 
It does produce a flat passband but at the ex 
pense of an increased insertion loss. 

Increasing the Number of Resonators. The 
Effect on Loss. 

So far, it has been shown that making a filter 
narrower increases the insertion loss and that 
the best filter type to use to minimise insertion 
loss is the equal-element filter. The examples 
chosen to illustrate these points all used four 
resonators. What about changing the number of 
resonators? Might we expect fewer resonators 
to give a lower insertion loss? The answer to 
this question is surprising at first sight. It can be 
illustrated with a numerical example of a filter 
ing problem stated in the following way. Sup 
pose the given resonators have a Q factor of 
1000. A number of these resonators are to be 
coupled together to form a filter which has at 
least 60 dB rejection of all frequencies above 
1 55M Hz, and below 145 MHz while passing 
the wanted frequency, 150MHz, with the least 
attenuation possible. The minimum loss or 
equal-element filter is used to illustrate the ef 
fect of number of resonators on the attenuation 
at 1 50M Hz and the responses are shown in 
Fig. 5 for two, three, four and five resonators. 

It can be seen that an increase, not a 
decrease, in the number of resonators is needed 
to reduce the loss. Notice that because the 
various filters have been chosen for the same 
60 dB bandwidth, the pass bandwidth of the 
higher order filters is greater than for the lesser 
orders. The wider pass band filter has lower in- 
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sertion loss. Note also that. while the improve 
ment gained by using more than four resonators 
is only slight. the insertion loss of a two 
resonator filter is very poor. 

Shown in Fig. 6 is a graph of insertion loss 
against number of resonators. The ordinates for 
this graph are the minima of the responses 
shown in Fig. 5, but the number of resonators is 
extended out to twelve. It can be seen that there 
is a shallow minimum at about seven resonators 
and a steep rise below three resonators. 

The expression for mid-band loss of 
minimum-loss filters has been shown (Ref. 4) to 
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be approximately 

4.34 n F 
0 L 

0 B Q r 

A + 6 r exp(-----) 
8.7n 

..... ( 1) 

where F is the pass frequency in MHz 
0 

L is the pass frequency loss in dB 
0 

B is the stopband width in MHz r 
A is the stopband attenuation in dB r 
Q is the resonator Q factor 
n is the number of resonators. 
The graph of Fig. 6 is a plot of this expression 
for L0 with F 

O 
= 1 50, Br = 1 55 - 145 = 1 0, 

Ar = 60 and Q = 1 000. Differentiation of 
equation ( 1) with respect to n shows that the 
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Note that this is independent of all parameters 
except stopband rejection. Although approx 
imate, the two formulae ( 1) and (2) are suf 
ficiently accurate for most purposes when Ar 
exceeds 20 dB. 
The Effect of Number of Resonators on Q 
and Volume for a Given Requirement. 

The graph of Fig. 6 and the expression for 
loss in equation ( 1) can equally well be used as 
the expression for the Q factor which is neces 
sary to meet a given requirement. For example, 
if the Q specification of 1000 is removed and an 
insertion loss requirement is substituted, say L 
= 1 dB, in its place, then a graph for Q againsq 
n can be plotted. This curve has the same shape 
as Fig. 6. However, writing the expression in 
this form presents an opportunity for other 
quantities, related to Q, to be assessed. For ex 
ample, if helical resonators are used, the filter 
volume may be calculated from the number of 
resonators and the knowledge that the volume 
of a helical resonator is proportional to the cube 
of Q. It can be shown, in a similar way to the 
derivation of equation (2), that the optimum 
number of resonators for minimum volume is 
three quarters of the number giving minimum 
Q. Another quantity which may also be 
evaluated in this way is filter cost for which it 
might be expected that a somewhat lower 
number of resonators is the optimum. 
GRAY - Practical Filter Specifications 

Notice that the optimum number of 
resonators depends only on the stopband at 
tenuation. For example, if 30 dB of attenuation 
is required to isolate, for example, two co-sited 
transmitters, then four resonators should be 
used for minimum Q and three for minimum 
volume. If 70 dB of rejection is needed say, to 
separate transmitter and receiver, then nine 
resonators give the minimum Q and minimum 
volume is achieved with seven. These formulae 
make it a simple matter to determine, at least 
approximately, the consequences of setting a 
particular specification for the frequency 
separation, isolation and insertion loss for a 
transmitter-transmitter or transmitter-receiver 
combination. 

Stopband Attenuation Peaks 
The attenuation of the ideal filters discussed 

so far rises to the desired stopband level and 
then continues to rise without limit. In practice, 
it is usually sufficient for the attenuation to rise 
to the desired level and then not fall below this 
level anywhere in the stopband. The question 
then arises of what can be gained by designing 
a filter which achieves the stopband rejection 
desired and no more. That is, can some of the 
unnecessary attenuation be "given away" in 
return for, say, a lower insertion loss? The 
answer is that it can, and the means for achiev 
ing this is to introduce finite peaks of attenua 
tion (Ref. 8). This can usually be done without 
increasing the complexity of the filter 
significantly. 
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Double Sided Attenuation Peaks 
To illustrate this, Fig. 7 shows the response 

of a four resonator minimum loss filter having a 
60 dB bandwidth of 10 MHz at 150 MHz 
centre frequency. The Q factor of the resonators 
in this filter is 1000 and the passband loss 
(shown on the ten times expanded dotted inner 
curve) about 1. 7 dB. Superimposed on these 
curves, is the response of a filter having the 
same number of resonators with the same Q 
factor as before, but modified so that a pair of 
attenuation peaks is introduced. The locations 
of these peaks are controlled so that the filter 
has the same 60 dB bandwidth as before and 
so that the attenuation minima ensure that the 
minimum requirement is achieved everywhere 
in the stopband. It can be seen that the inser 
tion loss of this filter is reduced to about 1.2 dB; 
that is, two thirds of the "unpeaked" value. 

Both of these structures are equal element or 
minimum loss designs in which each resonator 
is coupled to its neighbour in the manner shown 
earlier in Fig. 1. However, in the second case an 
additional coupling path is introduced between 
the input and output resonators (Refs. 6, 7). 
(one-to-four coupling). If this crosscoupling is 
opposite in sign to the main coupling path, it 
produces a pair of attenuation peaks sym 
metrically disposed about the centre frequency 
and has very little effect on the pass frequency 
loss. The effect of the attenuation peaks is to 
reduce the stopband width, which, when the 
filter is rescaled to the original stopband re 
quirement, results in a reduced pass frequency 
loss. Put another way: the second filter is 
created by cross-coupling an unpeaked filter 
which has a wider stopband and therefore 
lower insertion loss. 

Single Sided Attenuation Peaks 

Attenuation peaks can be used to obtain 
even less pass frequency loss when the stop 
band attenuation is required on only one side of 
the wanted frequency. In this case, all the peaks 
can be concentrated on this one side to max 
imise the attenuation here at the expense of the 
other side. 

A simple way of designing such filters is to 
apply a frequency transformation to the 
minimum loss filter (Ref. 5) to create multiple, 
coincident peaks of attenuation in the stopband. 
This technique simplifies calculation of the 
response of the one-sided filter by relating it 
directly to the two-sided response. The transfor- 
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mation may also be applied directly to the cir 
cuit elements of the filter as well as in the 
calculation of response. The effect on the 
minimum loss filter of Fig. 2 is to transform 
each parallel resonant branch into a branch 
which has both series and parallel resonances. 
The resonators are identical, as before, but each 
one is now series resonant in the stopband in 
addition to being parallel resonant near the pass 
frequency. It can be shown that the optimum 
number of resonators is the same as for the 
previous cases, but the pass frequency loss is 
reduced to half. 

The previous example is used in Fig. 8 to il 
lustrate the response obtained when the stop 
attenuation is required only on the upper side of 
the wanted frequency. Note that the attenua 
tion on the lower side slowly approaches 60 dB. 

This circuit configuration has two disadvan 
tages which tend to reduce its practical value. 
Firstly, the more complicated resonator tends to 
have a lower Q factor than the simple one and 
secondly, it is no longer feasible to use aper 
tures to provide coupling. Filters using helical 
resonators may, however, be coupled with 
cables which, although solving the coupling 
problem, also add to the filter insertion loss. 

It is also possible to apply this transformation 
to the cross-coupled filter configuration and 
thereby reduce the insertion loss to one third. 
The stopband response in this case will have at 
tenuation peaks which are not coincident, but 
distributed through the stopband. This produces 
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a circuit configuration which has both cross 
coupling and modified resonators. However, the 
additional complexity is usually not warranted 
because an equivalent performance can be ob 
tained by making the resonators different. The 
change necessary is a retuning of each 
resonator so that its series resonance corres 
ponds to one of the desired attenuation peaks 
while its parallel resonance is maintained near 
the passband. The design of this type of filter 
will not be considered here. 

It should be pointed out that it is also possi 
ble to use generalised cross-coupling arrange 
ments between simple resonators to give this 
type of response. These possibilities would nor 
mally only be considered when a particularly 
difficult filtering requirement was encountered: 
for example, where a wide, flat passband and 
sharp transition to stopband, or where a con 
trolled phase response were required. 

The "Bandstop" Case 
In the cases discussed so far, the stopband 

has extended to zero and/or infinite frequency. 
The greatest improvement in performance is 
possible when the stopband, in addition to be 
ing single-sided, is confined to a finite fre 
quency band. As this band becomes narrower, 
the improvement in performance increases. 
Such a case may occur, for example, in an aerial 
diplexer where a transmit frequency is to be 
excluded from a receiver input while an adja 
cent frequency is to be admitted at that receiver 
input. The design of diplexers having this type 
of specification is discussed in reference 5. 
These filters have the same type of asymmetric 
response as discussed in the previous section 
and are similarly based on transformation of the 
minimum loss filter. It can be shown that if the 
width of the desired reject band is W MHz, and 
the separation of the pass and stop centre fre 
quencies is S MHz, as shown in Fig. 9, then the 
insertion loss at the pass frequency is reduced 
by the factor W/2S. Since this factor is com 
monly less than 0. 1, the practical difficulties 
brought about by using complicated resonators 
may be easily out-weighted by the savings in 
overall complexity possible through reducing 
the number of resonators required. 
Conclusion 

In this paper, the use of frequency difference 
to separate signals is discussed. The filters 
which do the separation are inevitably made 
from lossy components, but it is possible to 
GRAY - Practical Filter Specifications 
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rrururruse the undesirable effects of loss by 
properly proportioning the filters. 

Some of the principles to be followed in filter 
design are somewhat surprising at first look. For 
example, to diminish the insertion loss of a 
filter, it may be advantageous to increase, 
rather than decrease, the number of resonators 
(Cohn's principle). 

The trade-off between stopband rejection 
and insertion loss at the pass frequency is dis- 
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cussed for bandpass, single-sided and bandstop 
specifications. It is shown that the following im 
provements in performance are possible over 
the simple coupled-resonator filter 
• the use of attenuation peaks in the filter stop 

band may reduce the insertion loss to two 
thirds 

• a single sided stopband response may reduce 
the insertion loss to one half 

• a narrow stopband or "Bandstop" filter may 
reduce the insertion loss by half the ratio of 
the stopband width to the frequency spacing. 
It is hoped that an awareness of these princi- 

ples will contribute to better multicoupler 
design and more efficient use of our spectrum 
resources. 
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The Telecom ''Telefinder" Radio Paging 
Service 
B. E. ROBINSON, B.E., M.I.E. Aust 

Since its introduction in 1973 in Sydney and Melbourne the Telecom Telefinder radio paging service 
has been in high demand and has been expanded to include Canberra and all State capital cities. 
The service will be extended to serve many of the larger regional cities and will be improved to offer 
additional facilities. 

INTRODUCTION 
The Telecom "Telefinder" radio paging service 
is a one-way communication system which 
provides a means of contacting each customer 
of the service individually, at any time, while al 
lowing him freedom to move about within the 
service area. The method used to contact a pag 
ing customer is to call his number from any 
telephone connected to the Telecom telephone 
network. Telephone calls to a paging customer 
are directed to a paging terminal which encodes 
the calls and transmits them through a number 
of radio transmitters located throughout the re 
quired service area. Each paging customer car 
ries a pocket-sized radio receiver which receives 
and decodes all of the transmitted calls, but res 
ponds only to its own exclusive code, by 
generating an audible, visual, or tactile alerting 
signal. The alerted paging customer then takes 
some pre-arranged course of action, which 
might be, for example, to telephone his 
secretary to obtain a message. The Telefinder 
system is capable of serving up to 100,000 sub 
scribers over a single, voice frequency 
bandwidth radio channel. 

THE RADIO PAGING SERVICE 
The service, first commissioned in Sydney and 
Melbourne in December 1973 with equipment 
of 3,600 customer capacity in each city, was 
highly successful and achieved a high growth 
rate in the number of customers connected, so 
that within 2 years, replacement of the 
switching terminals with terminals of 10,000 
customer capacity was necessary to meet de 
mand. Within a further 2 years, expansion to 

ROBINSON - Telecom Radio Paging Service 

20,000 customer capacity was required in each 
city. In 197 6, the service was extended to in 
clude Canberra and Brisbane and in 1977, 
Adelaide, Perth and Hobart were served. A 
functional illustration of the system is given in 
Fig. 1 and Table 1 gives information on the 
equipment locations and transmitter powers. 
Fig. 2 shows the growth in the number of pag 
ing customers connected to the services. Each 
area served includes a major city and the 
telephone network unit fee call area associated 
with the city. 

THE NETWORK CONFIGURATION 
The equipment used in the Telefinder network 
comprises a paging switching terminal which in 
terfaces with the telephone network, a number 
of circuits carrying paging calls and control and 
supervisory signals between the terminal and 
the paging transmitters and a number of paging 
transmitters. 

The Telephone Network Interface 
The paging switching terminal is designed to 
connect into the telephone network, via a 
number of circuits, at Group Selector stage level 
and to use decadic signalling. Future systems 
will be required to operate with multi-frequency 
code (MFC) signalling. 

The Paging Switching Terminal 
The Telefinder system requires equipment 
known as a paging switching terminal, to accept 
paging calls from the National Telephone 
Network and to generate paging codes. A 
modern paging switching terminal comprising 
one 1930mm height by 533mm width rack of 
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TABLE 1 - EQUIPMENT 

TERMINALS TRANSMITTERS 
SYSTEM 

LOCATION SIZE LOCATION POWER 
I CUSTOMERS) {WATTS I 

SYDNEY HAYMARKET EXCH. 2 x 10,000 PARK REGIS 150 

WAVERLEY 150 

MT ELLIOT 150 

DURAL 150 

CECIL PARK 150 

CANBERRA SYDNEY 1 x 10, 10,000 BLACK MOUNTAIN 200 

MELBOURNE LONSDALE EXCH. 2 • 10,000 LONSDALE EXCH. ,so• 
MT DANDENONG 150 

ARTHURS SEAT 150 

PRETTY SALLY 150 

BRISBANE EDISON EXCH. 1 x 10,000 COMMUN I CATION HOJSE 80 

MT COTHA BO• 

EAGLE HEIGHTS 80 

ADELAIDE WAYMOUTH EXCH. 1 x 10,000 WAYMOJTH EXCH. 80 

MT LOFTY BO 

MT RONYTHON 80 

PERTH PIER EXCH. 1 x 10.000 PIER EXCH BO 

MT BICKLEY BO• 

FREMANTLE 80 

HOBART MELBOURNE 2 x 10, 000 MT WELLINGTON BO• 

• A COLD STANDBY TRANSMITTER IS PROVIDED 
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DIAL THE 
PAGING NUMBER 

ON ANY 
AUTOMATIC 
TELEPHONE 

Fig. 1 - The Telefinder System. 

equipment is capable of serving up to 10,000 
paging customers. To provide service to several 
tens of thousands of paging customers, as is re 
quired in the Sydney and Melbourne networks, 
a number of these racks may be connected in 
parallel at the output. An allotter is used to allot 
to each terminal time slots for access to various 
groups of paging transmitters. Integrated cir-. 
cuits are used extensively throughout this 
equipment. 

Call Input Protedure 

A paging number is accepted from the ex 
change into the terminal which is equipped with 
a number invalidator unit for preventing invalid 

ROBINSON - Telecom Radio Paging Service 

numbers from being accepted by the terminal. If 
the number is invalid, 7 seconds of invalid 
number tone is sent to the calling customer and 
the trunk is released. If the number is valid, 4 
seconds of ring tone is sent to the calling 
customer, the number is stored and the calling, 
customer is charged. A call accepted announce 
ment stating "your call has been accepted and 
will be paged", is sent to the calling customer 
and then the circuit is released. The procedure is 
repeated for other calls entering on that circuit. 
To handle the paging traffic, a number of circuits 
are required between the exchange and the 
switching terminal. The equipment is capable of 
accepting simultaneous calls on these circuits 
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Fig. 2 - Radio Paging Customers Connected. 

with a delay of not more than 25 milliseconds to 
any one call. 

Call Output Protedure 
All valid incoming calls are put into a store. In 
the call output procedure, which is largely in 
dependent of the call input procedure, the calls 
are taken out of store, encoded and sent to the 
radio transmitters. If the store is not empty, the 
next available number is removed from store 
and the encoding circuits are prepared. If the 
transmitters are not switched on, they are 
first switched on, and test modulation is sent. If 
the transmitter carrier and modulation levels are 
normal, the test modulation is removed and the 
call is encoded and sent. If transmitters are 
faulty, but the fault is not major then the call is 
processed, otherwise a major alarm stops the 
terminal operation. After sending a call. the next 
call in store is processed. When an empty store 
is found, the transmitters are held on for 66 
milliseconds to allow calls to come in and to be 
processed without a transmitter check. 
Modulation level and power output of a 
transmitter is checked each time that it is 
turned on. 

Detailed Operation 

With Reference to Fig. 3, a number of circuits 
from an exchange connect to a corresponding 

number of input modules in the switching ter 
minal. The input modules, together with a store 
are connected in parallel across an input bus. A 
number of transmitter control units (TCU), a tone 
coding timer and a tone synthesizer are con 
nected in parallel across an output bus. A con 
troller scans the input modules continuously at 
a rate of one module per millisecond, addressing 
each module in turn. 
When an input module is addressed and is not 
busy sending supervisory or clear down signals 
back into the network and has a call ready for 
processing, then it puts the number which it has 
in its store onto the input bus and prompts the 
controller to process the call. The invalidator, 
which is also connected across the input bus, 
responds if the number is invalid and marks the 
bus accordingly. If the input bus is not marked 
invalid and the controller has been prompted by 
the input module, then the controller prompts 
the store which stores the number in the next 
available empty location. However, if the input 
bus is marked invalid, the controller prompts the 
input module to send number unavailable tone. 
If the store is full when the input module is ad 
dressed, then the controller does nothing. The 
store is addressed in the same manner as an in 
put module and when addressed, if the output 
circuits are not busy processing a call, then the 
next call in store is placed in the controller out 
put latch. An empty store, however, would 
result in no action. The latch holds the number 
on the output bus, freeing the controller to 
process other calls through the input bus. The 
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Fig. 4 - Coding of a Paging Transmission. 

tone coding timer, when prompted by the con 
troller, encodes the number in conjunction with 
the tone synthesizer and sends the call through 
the transmitter control units to the transmitters. 
After a call has been sent, the output modules 
signal the controller that call processing is com 
plete. 

Area Steering 

Calls may be steered to one or more different 
areas. Each of these areas will be served by a 
transmitter or group of transmitters. Each pag 
ing number may be "tagged" in the terminal 
with an area code and each transmitter control 
unit in the terminal may be strapped to transmit 
calls tagged with one or more of the codes. The 
controller selects the areas one at a time and 
following each selection, it takes from store 
calls tagged for the area, encodes them and 
sends them to all transmitter control units. Prior 
to the first of these calls being sent, the 
transmitter control units strapped for the 
selected area switch on and test their 
transmitters in preparation for call transmission. 
The equipment currently used allows seven 
different areas to be served. 
ROBINSON - Telecom Radio Paging Service 

THE CODING SCHEME 
In order that a paging number when dialled may 
cause the corresponding customer, and no other 
customer, to be alerted, a method of 
representing a paging number uniquely is re 
quired. This method, or code, must be suitable 
for transmission over interconnecting circuits. 
which may be physical lines or radio systems. 
The coding scheme used by Telefinder is a 5 
tone sequential decimal digital system shown in 
Fig. 4. For each paging call. five tones are sent 
in sequence. each tone representing one digit of· 
the pager number. There are ten tone frequen 
cies. to represent the digits 0-9 and an eleventh 
tone. called a repeat tone. is used to replace any 
tone which would otherwise be repeated. when 
two adjacent digits in the number are identical. 
This allows the paging receivers to detect the 
end of one tone and the start of another, when 
adjacent, identical digits are received, as il 
lustrated in Table 2. After a period of at least 35 
milliseconds of no tone. all pagers reset ready to 
decode the next call. A typical paging transmis 
sion starts with test tone. to test the transmit 
ters. followed by a period of no modulation. then 
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TABLE 2 - CODE TONE FREQUENCIES 

TONE FREQUENCY (Hz) 

R 459 
0 600 
1 741 
2 882 
3 1023 
4 1164 
5 1305 
6 1446 
7 1587 
8 1728 
9 1869 

DUAL ADDRESS 2010 

USE OF THE REPEAT TONE 

NUMBER TONE SEQUENCE 

15332 153R2 
11122 1 R12R 
11111 1R1R1 

preamble tone which is used to deactivate a 
battery saving facility provided in some paging 
receivers. Next a group of paging calls, 
preceded, separated and followed by a reset 
period of no modulation are sent. All paging 
calls requiring transmission at this time are sent 
and transmission of the next group starts again 
with test tone. 
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THE SYSTEM CAPACITY 
The duration of each tone of the code is 33 mil 
liseconds and the duration of each paging call is 
about 200 milliseconds. Therefore the traffic 
capacity of the radio channel is 5 paging calls 
per second or 18,000 calls per hour. The 
measured paging call rate, based on the number 
of calls in the busy 3 minutes of any one week 
period, is equivalent to a maximum of 13 per 
cent of the connected paging customers being 
paged per hour. Therefore the maximum 
number of customers which may be served on 
one radio channel is 18,000 calls per hours traf 
fic capacity divided by the calling rate of 13 per 
cent or somewhat more than 100,000. The five 
digit code allows 105 or 100,000 paging 
numbers to be encoded. Therefore traffic 
capacity and coding capacity are similar. 

INTERCONNECTING CIRCUITS 
Interconnecting circuits are required from the 
paging switching terminal to each radio paging 
transmitter to carry the transmitter turn-on 
signal and to carry the paging tone codes from 
the terminal to the transmitter. A circuit is also 
required to signal normal operation of each trans 
mitter to a terminal. The allowable variation in 
the level of a signal received from a circuit is 
less than 6 decibels for satisfactory paging 
system operation. Therefore paging transmitters 
are equipped with an under-modulation alarm 
set at 2 KHz deviation and an over-modulation 
alarm set at 4 KHz deviation. The Telecom Plan 
ning Specification for data transmission circuits, 
which is applied to the circuits carrying the pag 
ing tones sets the frequency-amplitude 
response limits for the paging tone frequency 
range of 450 Hz to 2,000 Hz within + 3 to-1 
decibles, or 4 decibels total range. The limit set 
for loss variation of a circuit with time is ± 4 
decibels or 8 decibels total range. Therefore the 
levels of tones received over these circuits may 
vary as much as 12 decibels with frequency and 
time and constant level amplifiers may be re 
quired at the transmitters to reduce these level 
variations to less than 6 decibels. 

RADIO PAGING TRANSMITTERS 
The frequency modulated radio transmitters 
used in the Telefinder system are similar to 
those used in mobile radiotelephone applica 
tions. however, power outputs may be up to 
200 watts and no pre-emphasis is used as it 
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has no advantages for the sequential tone 
modulation system used. A VHF radio fre 
quency of 148.0125 MHz is currently used for 
all paging transmitters. Facilities are provided 
for remote on and off switching of the transmit 
ters. Alarms are generated if the carrier level is 
low or if the modulation level is below or above 
the set limits. Transmitters currently being 
purchased for the Telefinder service use solid 
state devices throughout including the final 
power amplifiers. 

RADIO PAGING RECEIVERS 
Fig. 5 shows several types of radio paging 
receivers, commonly called pagers. The pagers 
are small and fit readily into the shirt pocket. All 
pagers of any one type are identical, except for 
a coding plug or coding link board which may 
be programmed or strapped with the paging 
customers number and which may be changed. 
This allows any pager to be assigned to any 
paging customer with change of plug or links 
only and without modification of the pager cir 
cuitry. One type of paging receiver has a switch 
with "off", "store call" and "on" positions and a 
push-down "cancel" and "interrogate" position. 
When switched from "off' to "on" if the battery 
voltage is satisfactory an alert is given which 

may be cancelled by pushing the switch down. 
In the "on" position, reception of a page gives 
an immediate alert. In the "store call" position a 
received page is held in memory and no alert is 
given until the switch is pushed down, which in 
terrogates the memory and gives ah alert if a 
call has been received previously. If the 
customer does not cancel the alert it self 
cancels in about 1 5 seconds. Other facilities 
available in some paging receivers include dual 
address, silent alert and battery saving. The dual 
address pagers use two telephone numbers and 
a different type of alert will be given depending 
on which number is called. Two types of alert 
available include continuous tone and inter 
rupted tone. The silent alert paging receiver 
provides a sub-audible frequency vibration out 
put. The battery saving facility allows the pag 
ing receiver to turn itself off for a high propor 
tion of the time when paging calls are not being 
sent which extends battery life by typically 
three times. Some typical battery life figures are 
given in Table 3. 
Paging receivers are commonly double conver 
sion superheterodynes and the antenna may be 
a small loop built into the pager case, providing 
a gain of about 20 decibels below that of a half 
wave dipole. Following demodulation of the 

Fig. 5 - Radio Paging Receivers. 
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TABLE 3 - BATTERY LIFE 

Battery Type Battery Life 
(in weeks) 

Alkaline 
Mercury 
Nicad 

With Saving 

17 
26 
2 

Without 

6 
10 
0.8 

carrier signal, a 5-tone decoder and sequencer 
connects or programs tone selection filters un 
der the control of a coding plug with maybe a 
small programmable read-only memory or a link 
board. In the absence of any detected tone for 
33 milliseconds, the sequencer, via the coding 
plug, selects the filter for the tone frequency 
representing the first digit of the pager number. 
In other words, it resets. If this tone frequency is 
received, however, the sequencer selects the 
filter for the tone frequency representing these 
cond digit of the pager number, and so for all 
five digits. If all five tones are received then an 
alert is given. For the pager to alert, all five 
tones of the pager code must be received and 
received in the correct order, between reset 
periods. False calls due to received noise are 
prevented, by limiting the maximum level of the 
demodulated audio frequency signals and by 
preventing the tone detection circuits from 
responding below a certain tone level. 
Protection is achieved because the energy of a 
tone signal is concentrated within one tone 
filter passband whereas noise, limited to a 
similar level, is spread over a wider bandwidth 
and little noise energy falls with a filter pass 
band. The paging receiver sensitivity is 
measured with a receiver worn on a person who 
is rotated through an azimuth angle of 360° in 
steps of 451>; at each step the minimum field 
strength needed to receive a paging call is 
measured. An average of these eight readings is 
taken and for the pager to be acceptable, this 
average must be a field intensity of not more 
than 10 microvolts per meter, for a call success 
rate of at least 50 per cent. 

RADIO PAGER TYPE APPROVAL 
Radio paging receivers are rented or purchased 
by the customer from one of a number of 
marketers. In order to ensure that a particular 
type of paging receiver will provide a satisfac 
tory service to the customer, use in the 
Telefinder service is permitted only if it corn- 

134 

plies with certain standards laid down by 
Telecom Specification 1119. The specification 
describes the relevant characteristics of the 
system, the performance required and the 
procedure to be followed by a potential 
marketer who wishes to seek type approval for 
his paging receiver. To determine compliance 
with the specification, a programme of 
laboratory measurement is carried out on the 
pagers and if the pagers comply, type approval 
will be granted. Any alteration to a type of 
pager requires a new type approval. 

SYSTEM DESIGN 
Wide Area Coverage 
Telefinder provides a service over large areas 
such as the extended local service area (ELSA) 
of the large capital cities. As the radius of these 
areas is typically about 40 kilometers and the 
service area which may be achieved with a 
single transmitter of acceptable power level is 
typically 15 to 30 kilometers, several transmit 
ters located through ELSA are required. Calls 
could be sent simultaneously through all trans 
mitters or could be sent sequentially. Sequen 
tial transmission would result in a number of 
problems: 

• A radio paging receiver in a location capable 
of receiving several transmitters would 
produce several alerts. Under high traffic 
conditions, these could be spaced over such 
a period that they would be an annoyance to 
the customer. 

• The traffic capacity of the radio channel 
would be reduced in proportion to the 
number of transmitters operated in sequence. 

Other problems result when the alternative of 
using several transmitters transmitting 
simultaneously within one area on the same 
nominal frequency, is adopted: 
• Destructive interference between the radio 

carriers, which may reduce the effective car 
rier level. 

• A reduction in effective modulation level of 
the combined carriers received by a paging 
receiver due to a phase difference between 
the individual carrier modulations, as, 
described later under "audio phase delay". 

As solutions to the problems of simultaneous 
transmission are available, advantages over se 
quential transmission have been achieved by 
adopting this arrangement in the Telefinder 
network. 
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received within one area have their frequencies 
maintained at controlled spacings, called fre 
quency offsets, of not less than about 30 Hz. 
The effect on paging system performance of the 
use of various frequency offsets is shown in Fig. 
7. Here "system performance" means the 
reduction in the minimum radio carrier signal 
level needed to receive a page when a second 
signal, identical except for frequency, is present. 
For carrier spacings of less than 30 Hz, system 
performance deteriorates very rapidly with 
reduced spacing, whereas for 30 Hz spacing, or 
more, it improves, when the second carrier is 
present, by up to 2.5 decibels. In the Melbourne 
and Sydney Telefinder systems, a nominal fre 
quency offset of 80 Hz is used and is main 
tained at not less than 30 Hz in the presence of 
frequency drift in the high stability oscillators 
which have a temperature drift of less than ± 
7.5 Hz (-30° to +60°C) and an aging drift of 
less than 36 Hz per annum after one year in ser 
vice. 

10 15 20 25 30 35 40 45 50 
TIME IN MILLISECONDS 

•NOTE 
PERCENTAGE OF TONE DlJIRATION (33mS) THAT CARRIER LEVEL IS BELOW THRESHOLD· 

Fig. 6 - Carrier Interference. 

Carrier Interference 
Fig. 6 illustrates the carrier interference when a 
pager receives two equal level carriers from 
paging transmitters, at frequency spacings of 
20, 30 or 40 Hz. The interference between un 
equal carriers is less severe. The combined car 
rier level varies with time from maximum to 
zero and for reception of a paging call some 
minimum carrier level is required and is shown 
labelled threshold. A pager will tolerate a 
received signal level which is below its recep 
tion threshold for up to 50 per cent of the dura 
tion of each of the five tones of its code and still 
receive the paging call. For 40 and 30 Hz fre 
quency spacing between the carriers, the com 
bined carrier is below the paging receiver 
threshold for less than 50 per cent of the tone 
duration, therefore the pager will receive calls. 
However, for 20 Hz spacing, or less, the 
received combined carrier is below threshold for 
more than 50 per cent of the tone duration and 
the pager will not receive calls. Therefore to 
achieve successful reception of paging calls, 
particularly under conditions of low received 
signal level, paging transmitters which may be 
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Audio Phase Delay 
When two radio paging transmissions are 
received by a pager, the phase of the paging 
tone modulation on the two transmissions may 
differ because the transmission paths will be 
different. In particular the circuits from the pag 
ing switching terminal to the paging transmit 
ters will be of different lengths as will be the 
radio transmission paths from each paging tran 
smitter to a pager and therefore there will be 
different transmission delays. When two fre 
quency modulated carriers having 
the same modulation except for a phase 
difference are received and the two frequencies 
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Fig. 7 - Two Carrier Performance. 
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are well within the receiver passband, then the 
signals appear to the receiver as a combined 
carrier. The modulation level of this combined 
carrier is, however, reduced relative to the 
modulation of the individual carriers, due to this 
phase difference between the modulations. Fig. 
8 shows this effect, for the case of reception of 
two equal level carriers. Large decreases in 
deviation of the received signal, relative to the 
individual carrier modulations, will occur as the 
phase difference between the carrier modula 
tions approaches 1 80°. Consequently, a limit of 
90° has been adopted as the maximum al 
lowable phase difference between any two car 
rier modulations at a pager location anywhere 
within the service area and absolute delay 
equalisers are provided and adjusted to achieve 
this requirement. Fig. 9 shows the influence of 
modulation deviation on pager reception 
threshold. For deviations between 2 and 4 KHz, 
which is the maximum deviation range permit 
ted in a paging transmitter, the minimum carrier 
signal level needed to receive a page of 
"threshold" deteriorates by up to 1.5 decibels 
relative to the threshold at the optimum devia 
tion. However, the effective deviation of a com 
bined carrier received by a pager, when the in 
dividual transmitter deviations are as low as 2 
KHz and the phase difference between the in 
dividual carrier modulations at the paper loca 
tion is 90 degrees, may be as low as 1 .4 KHz 
and the pager threshold would then be up to 3 
decibels poorer than optimum. Under this con 
dition an improvement of up to 2 decibels can 
be obtained by using a constant level amplifier 
in each transmitter input to hold the modulation 
level at 3.5 KHz deviation. Results of absolute 
phase delay measurements of the Melbourne 
Telefinder service after absolute delay equalisa 
tion are shown in Fig. 10. These measurements 
include the paging transmitter to off-air monitor 
paths, which are of different lengths and delays, 
and therefore the curves do not coincide. After 
allowing for these paths, the delay errors 
remaining are shown in Fig. 11. The maximum 
error remaining is about 20°. However, errors 
up to about 45° need to be accepted when the 
minimum available phase equaliser adjustment 
is 50 microseconds. Therefore of the 90° maxi 
mum allowable phase error at a pager between 
the modulation of any two carriers of near equal 
level, 45° may be allocated to all sources up to 
the paging transmitter outputs and 45° is then 
available for the difference in path lengths of 
the radio propagation paths from paging trans- 
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mitters to any pager, which is equivalent to 19 
km difference. Single channel radio bearers 
have been used to connect paging terminals to 
a group of paging transmitters so as to achieve 
similar group delay characteristics on the 
various lines and allow equalisation to be 
achieved with simple absolute delay equalisers. 
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Service Area Design 
Objetlives 

In radio paging service area design, an objective 
is to achieve, throughout the service area, a 
signal strength sufficient to provide a high 
probability of successful paging. In central city 
areas the locations served include the interior of 
all buildings and most basements and sub 
basements. In the suburbs, service in buildings 
and vehicles is provided. The most convenient 
location to measure radio field intensities is in 
streets and open areas as the problems of gain 
ing access to enclosed areas is avoided. The 
field intensities required, in open areas, to 
achieve not less than a 90 per cent call success 
rate in adjacent buildings are 70 decibels above 
1 microvolt per meter (dBu) in the central 
business district of the larger capital cities, 50 
dBu in cities with an insignificent number of 
basements and 30 dBu in suburban areas. 
These field intensities must be exceeded at not 
less than 90 per cent of locations. A margin of 
about 6 dB is added to these figures to allow for 
drops in transmitter power and modulation 
levels, above the alarm settings. 

Predittlons 

To predict field intensities throughout an area, 
a computer programme called FIAP is available 
on the Telecom Australia computer system. 
Data includes ground heights along radial lines 
from the transmitter location, transmit and 
receive aerial heights above ground, transmitter 
radiated power and operating frequency. The 
predicted field intensity at each given ground 
height point is both printed and plotted. The 
propagation model has been derived using clas 
sical theory for free space propagation and for 
diffraction loss over obstacles, plus a specially 
derived method of dealing with foreground 

reflections and slope near the receiver. It ap 
plies to the special case of the receiving anten 
na being at a low height above ground, which is 
the case in radio paging. 

Reliability of Coverage 

To achieve reliable coverage of the required ser 
vice area, standby transmitters are used at 
some sites. In cases where several transmitter 
sites are required to provide service throughout 
an area, advantage is taken of the overlap of the 
service areas of individual transmitters, to 
minimise decrease in coverage under conditions 
of failure of any one transmitter. 

ROBINSON - Telecom Radio Paging Service 

Proo/Measurements 

After completion of a paging system installa 
tion, the limits of the service area of the in 
dividual transmitters are measured to determine 
the amount of overlap in service areas. Also the 
limits of the service area of the system with all 
transmitters operating is measured and com 
pared with the design objectives. To measure a 
radio paging service area directly, paging calls 
to a pager number are originated automatically 
at intervals. Then the paging receivers on that 
number are used throughout the required areas 
to test reception. At each location, the success 
or failure of reception is recorded and from 
these results, the limit of the service area is as 
sessed. A practical design objective is an 
average call success rate of 90 per cent at the 
outer fringe of the service area, which provides 
more than 90 per cent call success overall. 

COST OF THE SERVICE 
Radio paging receivers may be rented, or 
purchased outright from a marketing distributor. 
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Prices depend on make and facilities and range 
from $1 7 to $18 per month for rental, including 
maintenance and from $350 to $400 for 
purchase. The paging telephone number is 
rented from Telecom at $45 per annum for 
each number. Local and trunk calls to paging 
numbers are charged at standard rate. A licence 
for each pager must be obtained from the Posts 
and Telecommunications Department. 

EXPANSION LIMITATIONS 
The Telefinder service makes use of the 
telephone switching network and requires a 
switching terminal, radio transmitters, relay sets 
to interface the switching terminal with the 
telephone network and circuits from the 
switching terminal to the transmitters. The cost 
of this equipment and of maintaining it. sets a 
lower limit to the population size of a paging 
customer district which may be served 
profitably. In Fig. 12 is shown the cost of a pag 
ing switching terminal for various equipped 
subscriber capacities. The total cost when 
equipped for 10,000 customers is taken as 1 
unit and when the terminal is equipped for zero 
customers it is about 0.44 units. The cost per 
customer is fairly steady at about 1 unit for the 
high equipped capacities but for equipped 
capacities of less than about 1,000 customers 
increases steeply. 
This influence of switching terminal costs on 
total paging system cost restricts terminals to 
cities capable of supporting a high paging 
customer connection rate. All of the capital 
cities except Canberra and Hobart meet this re- 
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quirement. However, a paging service in the 
smaller cities may be operated from a paging 
switching terminal located elsewhere and if the 
number of paging customers connected to that 
terminal is sufficiently high, then the cost of 
serving these smaller cities is dependent mainly 
on the cost of providing and maintaining the 
radio transmitters and interconnecting circuits. 
One main and one standby transmitter only 
would usually be required in these smaller 
cities. Any reduction of the number of paging 
transmitters or of transmitter powers used in an 
area of low population to make a paging service 
to the area economically viable must reduce the 
size of the service area. 

THE AVAILABLE MARKET 
From the experience of overseas marketers, a 
radio paging market reaches saturation when 1 
per cent of the population of the service area 
are paging customers. Table 4 has been derived 
accordingly for cities which are expected to 
provide at least 500 customers at market 
saturation and a connection rate of at least 50 
per annum. 
The total market for these cities is about 
97,000 subscribers, which encompasses 72 per 
cent of the Australian population. As the 
number of paging customers estimated in the 
table is approaching the 100,000 number 
capacity of the Telefinder system, provision of a 
second paging system will eventually be re 
quired. To meet this requirement. Telecom 
Australia is planning a National radio paging 
service for introduction probably in the mid 
1980's. 

TABLE 4 - PAGING MARKET 
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A NATIONAL SYSTEM 
Plans 
Telecom Australia is planning for the long-term 
growth of radio paging services. These include 
provision for the greater utilisation of existing 
equipment followed by the implementation of a 
system with expanded facilities. The plans in 
clude provision for: 

• Home Area Service which will be a service 
within an area which will generally conform 
to the telephone local call area. Calls to these 
customers will be broadcast throughout the 
Home Area. 

• Regional Services which will be a service 
within an area which will be an aggregation 
of all Home Service Areas within the region. 
This will generally be a State or part of a 
State. 

• Telephone Network Interworking which will 
provide for each paging customer to be as 
sociated with the local charging district and 
its numbering scheme, although the interfac 
ing with the paging equipment may be 
remote, as a few centralized radio paging ter 
minals are expected to be used. 

• Reception Reliability which will be a paging 
call reception average success rate of' not 
less than 90 per cent throughout at least 90 
per cent of a paging service area. In achieving 
this minimum, the average call success rate 
at most locations within a paging district will 
approach 100 per cent. 

• Facility Options will include the single and 
dual address, memory, silent alert battery 
saving and battery indicator currently 
available. In addition, facilities which include 
the single and multiple service area option 
mentioned above, a group paging facility in 
which a group of paging receivers may be 
paged by ringing one group number or paged 
individually by ringing individual numbers and 

a stored message facility which allows a 
paged customer to ring a number at which a 
message has been recorded by the person 
who originated the paging call are being con 
sidered. A facility for transmitting a numerical 
message to a pager, where it would be dis 
played, is possible now that Touchfone 
telephones are supported by some ex 
changes. In addition to tone coded systems, 
such as the one currently in service, digital 
systems using various bit rates and error con 
trol methods, which are now in service, will 
be considered. In overseas markets there is a 
trend towards digital systems of about 300 
bits/second signalling speed, which can offer 
a maximum call rate and signalling error 
comparable with the Telefinder tone coded 
system. The availability of radio paging ter 
minal equipment to service one or more 
types of paging receivers, is not expected to 
influence the choice of paging receiver as 
considerable flexibility in providing terminal 
facilities to meet any requirement is expected 
to be available. The most economical way of 
serving both city and country areas is ex 
pected to be by the use of one or two large 
radio paging terminals to serve all areas. The 
cost of small paging switching terminals for 
use in an area of small pager population is not 
expected to compare favourably with the 
cost of part of a larger centralized terminal 
and of interconnecting lines to serve such an 
area. 

CONCLUSION 
In the Telefinder network, Telecom Australia 
has offered a new system which is now used by 
more than 20,000 customers. The popular ac 
ceptance of radio paging will permit Telecom to 
offer the service in new areas and to offer ad 
ditional optional facilities to paging customers. 
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Digital Transmission in National 
Telecommunications Networks 
W. H. THURMAN, B.Sc., MIE Aust. 

An overview is presented of the application in national telecommunications networks of 
transmission systems making use of digital techniques and of equipment to transmit signals 
originating in digital form over analogue transmission systems. The paper includes an outline of fac 
tors influencing present and future application together with analyses of current application in 
cluding that in the Telecom Australia network. 

Editorial Note. 
The paper on which this article is based was presented to 

a Radio Research Board Symposium on Digital Com 
munications in December, 1977. Appreciation is extended 
to the Radio Research Board for agreeing to publication in 
this journal. For the benefit of readers of this journal some of 
the material has been expanded. 

INTRODUCTION 
There is an increasing use of digital communications 

in national telecommunications networks both in the 
sense of communicating information originating in digital 
form and in the sense of transmission systems which 
employ digital techniques for the transmission of a range 
of telecommunication signals. 

This overview concerns the use of two forms of digital 
transmission equipment employed in national telecom 
munications networks. In the first to be examined, 
signals originating in either analogue or digital form are 
conveyed but the signals in the bearer system are in 
digital form and the signal restoration process is one of 
reshaping these digital signals. 

Almost universally in such systems the multiplexing 
process is by time division. These systems will be refer 
red to as digital transmission systems. 

The second form of digital transmission equipment ex 
amined is that which enables digitally originating signals 
to be conveyed either separately or in multiplexed form 
over analogue transmission systems by modem 
technology. This equipment will be referred to as digital 
on-analogue transmission equipment. The distinction is 
indicated in Fig. 1. 

FACTORS GOVERNING APPLICATION OF DIGITAL 
TRANSMISSION EQUIPMENT 

Many technical advantages can be claimed for digital 
transmission systems. These include: 

• no accumulation of noise and distortion 

- provided regeneration is frequent enough to 
minimise errors. 
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- of particular benefit in a "difficult" transmission 
medium. 

• circuits can operate at lower loss 

• more suitable for data transmission 

• many different types of signal can be readily con 
veyed on the one system 

- no loading problems with many data or video cir 
cuits 

• techniques are particularly suited to optical fibres 
and waveguides , 

• easier to remove si~nal redundancy with a digital 
encoding process 

• suited to low cost micro-electronics. 

Even leaving aside some technical disadvantages as 
sociated with digital transmission systems, it has to be 
recognised that analogue transmission systems perform 
ing to international standards have continued to benefit 
from technological refinements and production efficien 
cies to economically provide increasing circuit capacities. 
Thus, despite the advantages claimed for digital trans 
mission systems, the extent to which these systems can 
initially make inroads into national telecommunications 
networks depends on their ability to provide transmission 
capacity at lower cost than analogue systems. Later 
phases of their introduction may be influenced by other 
factors but relative current costs will always remain an 
important factor. 

On the other hand, digital-on-analogue transmission 
equipment has a field of application wherever digitally 
originating signals must be transmitted over analogue 
systems. As mentioned previously, traffic of this nature is 
increasing, and in a number of networks developments 
are in hand to multiplex such traffic by time division mul 
tiplexing (TDM) processes into high bit rate streams for 
transmission (Ref 1 ). The need for digital-on-analogue 
transmission equipment will continue as long as 
telecommunications links consisting of only analogue 
transmission systems exist. 
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Fig. 1 - Two Forms of Digital Transmission Equipment. 

ECONOMICS OF ANALOGUE AND DIGITAL 
TRANSMISSION SYSTEMS. 

Fig. 2 illustrates the broad component costs which 
make up both the terminal costs and the line transmis 
sion costs for switched telephone circuits provided by 
carrier systems. 

Influence of Signalling Costs on Terminal Costs. 
A very important component of the terminal costs is 

the cost of relay equipment required to transmit informa- 

tion and line signals in association with a derived chan 
nel. In an analogue system generally only one signalling 
channel is associated with each voice channel, whereas 
in a digital transmission system at least two signalling 
channels are readily associated with a voice channel, 
thereby reducing the complexity of relay set design. 

Signalling relay set costs thus progress upwards for 
physical circuits, circuits associated with digital transmis 
sion systems and circuits associated with analogue 
systems. The relativity varies from administration to ad- 
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Fig. 2 - Carrier Circuit Cost Components 

ministration depending on the nature of the signalling 
systems and equipment employed. The higher cost of 
signalling relay sets for circuits associated with analogue 
transmission systems has had a significant effect on the 
justification for introduction of digital transmission 
systems in overseas networks. 

Distinction between Long-haul and Short-haul 
Systems. 

Fig. 2 also indicates the factors which contribute to 
transmission cost per unit length of a circuit provided by 
a carrier system, represented by the slope of the graph - 
cost of bearer, repeaters, and the required spacing of 
repeaters. 

This graph illustrates the obvious point that for long 
systems it is desirable to keep line transmission costs 
low, even at the expense of higher multiplexing and 
signalling costs. Conversely, for short distances, lower 
terminal costs are necessary even at the expense of 
higher line transmission systems costs. This is particular 
ly necessary if the systems are to compete with passive 
physical circuits where the terminal costs may consist 
only of the signalling relay set costs, The configuration 
for long-haul and short-haul systems is indicated in Fig. 
3. 

Average Cost 
Per Circuit 

higher transmission 
costs/km 

higher 
terminal 
costs 

Lower 
terminal 
costs 

long haul systern 

short haul system 

lower transmission 
costs/km 

DISTAN\.E 

Fig .. 3 - Distinction between Short Haul/Long Haul 
Carrier 

Analogue and Digital Transmission Systems for 
Telephony. 

Generally the costs of multiplexing and signalling 
equipment associated with digital systems are lower 
than those for analogue systems. However line transmis 
sion costs for digital transmission systems conveying 
PCM encoded voice, are higher than for analogue 
systems. This is why the greatest current application of 
digital transmission systems in national telecommunica 
tions networks is of short-haul systems of the PCM 
Primary multiplex type. 

Cost of Long Transmission Paths for Telephony and 
other Signals. 

Although the line transmission costs for voice circuits 
provided by digital transmission systems are greater than 
for analogue systems it is not possible to generalise that 
the position is similar for other forms of information 
transfer. Fig. 4 illustrates the bearer capacity require 
ments of some important services under both digital and 
analogue transmission conditions. This table also com 
pares the consequent capacities of a 60 MHz analogue 
system, the largest commercial system exploiting 
2.6/9.5mm coaxial cable tubes, and a 400 Mbit/s digital 
transmission system exploiting the same cable with the 
same repeater spacing. Such a system is operational in 
Japan. Reference to the table will confirm that if the 60 
MHz repeater costs were the same as the 400 Mbit/s 
regenerator costs, thus making the line transmission 
costs of both systems equal. the analogue system would 
provide both speech and programme quality television 
circuits more economically, and the digital transmission 
system would provide data and visual telephone circuits 
more economically. Currently for systems of .. these 
capacities, costs of digital regenerators tend to be 
greater than those of analogue repeaters. but not to the 
extent that the apparent cost advantages of digital 
systems for data and visual phone are lost. 

The required bit rate capacities for visual information 
transfer listed in Figure 4 are those which might be ob 
tained with encoding equipment if it were possible to buy 

SERVICE 

Speech 

jnata (4.11 kbit/s) 

CIRCUIT I NUMBERS OF I CIRCUIT BIT I NUMBERS UF 
BANDWIDTH CIRCUITS IN RATE FOR CIRCUITS IN 
IN ANALOGUE f,OMHz ANALOGUE DIGITAL 400 MBIT/S 
SYSTEM COAXIAL CABLE TRANSMISSI.ON C0/1.Xl/\.L CABLE 

4 KHz 

4 KHz 

Visual Telephone I ~:~~~ 
ITV Programme (Colour) 6MHz 

SYSTEM,"< ! SYSTI::M>~ 

10 /-j()() (,4 Khit/s 

C,4 Kbil./s 

120 Mhi t/s 

'l k(J(J 

'Jk ()IJ(J 

(,0 
1,0 

,·, Repeater spacing of L"Jkm on 2.6/'J.Jrnrn c abl c 
x Limited by loading c r i t.e r i a 

1. USA nt t i.tnc of Pj c t.ur epbonc 
introduction. 

2. JAPAN r e co n t.Ly ,:innouncl·d 
by NTT, 

142 

Fig. 4 - Comparison of Transmission Capacities of 
Analogue and Digital Systems - Digital 
Tranmission of Video Information with Cur 
rent Levels of Redundancy Removal. 
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it off the shelf at the moment. However attention is being 
given to reducing the amount of redundant video infor 
mation transmitted, by techniques practicable in conjunc 
tion with a digital encoding process. In Fig. 5 the second 
column indicates rates recently postulated for conditions' 
of redundancy removal. Columns 3 and 5 of this figure al 
low comparison of the resultant bearer capacities of the 
400 Mbit/s and 60 MHz systems. The commercial 
achievement of the stated levels of redundancy removal 
is probably not far away. Although the resulting ad 
ditional terminal costs will be significant, if these 
decrease in time, and if the ratio of regenerator/repeater 
costs reduces, the current economic advantage of 
analogue transmission systems to provide broadcast 
television relay may be lost. 

!SERVICE I CIRCUIT BIT RATE NUMBERS OF NUMBERS OF NUMBERS OF 
WITH INCREASED CIRCUITS IN CIRCUITS IN CIRCUITS IN 

REDUNDANCY REMOVAL 400 HBIT/S 800 MBIT/S 60MHz ANALOGUE 
SYSTEM SYSTEM SYSTEM 

Speech G4 kbi t/s 5 800 11 000 10 SOO 

rv.:i.ta (4.8 kbit/s) 6.4 kbit/s 58 000 116 ooo 10 SOO 

ideophone 
1.5 Mbit/s! 1MHz l40 480 16 

l..MH7. 6.3 Mbit/s oO 1 ~o 
~o Lo u r- TV 60 6 12) 

J4 l2 24 ) 

1. Japanese development 
Proven UK development for 'i. JHH,: PAL 

\. ) Japanese development for 4.2MH7 NTSC 
) UK dev c Lopmcnt ai.m [OT 5, 'iMHz PAL 

Fig. 5 - Comparison of Transmission Capacities of 
Analogue and Digital Systems - Effect of 
Increased Redundancy Removal, Higher 
Capacity Digital Systems. 

For some years it had been an objective of some ad 
ministrations to produce an 800 Mbit/s system. It will be 
seen from column 4 of Fig. 5 that if this occurred, and if 
regenerator/repeater costs were comparable, it would be 
possible to provide voice circuits over long distances 
more economically by a digital system. Present European 
objectives however are to develop a system operating at 
560 Mbit/s with regenerators spaced at the equivalent 
( 1 500 metre) separation for 60 MHz systems. 

The above discussion has been restricted to cable 
transmission systems, whereas a large proportion of 
trunk telephone and television circuits are currently 
provided by means of microwave relay systems. The cir 
cuit capacities of digital radio systems operating in the 
current bands allotted to radio relay systems are much 
lower than those of analogue systems. This situation also 
poses a radio spectrum utilisation penalty which is 
regarded seriously. In this respect the US FCC has 
stringent rules which ensure that in the areas of high 
telecommunications density, digital radio systems are· 
not utilised unless they provide a minimum number of 
circuits which is related in some way to the capacity of 
existing frequency division multiplexing (FDM) FM 
systems. There may be difficulty in accommodating even· 
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redundancy reduced TV signals on radio bearers within 
the currently allotted bands. There are, of course, certain 
isolation advantages which are claimed for digital 
systems when many systems converge at a physical 
network node. Also, because of propagation conditions 
digital radio systems may well be the only systems which 
can be exploited above 11 GHz, although at these fre 
quencies the close spacing of repeaters will no doubt at 
tract environmental interest. 
Effect of Relative Traffic Mix. 

Having noted the markedly different economic ap 
plication patterns in digital and analogue systems for 
transmission of telephony, data, and the various forms of 
television transmission, it will be obvious that the relative 
amounts of these traffics to be carried in a network or on 
particular routes of the network will influence the extent 
that analogue or digital transmission systems have 
economic application. 

Effect of Time Division Switching. 
The introduction of time division switching (TDS) will 

affect the economic field of use for digital transmission 
systems. Indeed this development will have a critical im 
pact on the rate of progression to completely digital 
networks. Although the effect of TDS can be considered 
from a number of viewpoints, the simplest is to consider 
a situation where the cost of time division switching of 
analogue circuits is approximately equal to the cost of 
space division switching. In these circumstances there 
would be an effective reduction in the terminal costs of 
two digital circuits to be switched together at a TDS ex 
change, there being no need for a codec in each circuit 
because digital/voice and voice/digital conversion at the 
switching location is obviated. One could also expect 
some savings in signalling costs for the circuits being 
switched in this way. It will be seen that even if the time 
division switching is a little more expensive than the 
space division switching, overall economies may still 
flow from such integrated switching and transmission 
(1ST). The literature contains reports of quite complex 
studies on the subject which set out to quantify the situa 
tion in various networks. 

Because TDS allows effective reduction in transmis 
sion system terminal costs only, the effect of integration 
will be much less marked on the economics of long-haul 
transmission. On the other hand if the favourable 
economic situation postulated above for TDS occurs at 
both ends of a metropolitan junction circuit there could 
be an "explosive" economic justification for digital 
transmission in metropolitan networks. 

It had previously been put forward that TDS would 
prove-in economically only after significant penetration 
of digital transmission. The impression gained by the 
author in discussions in 197 5 with manufacturers and 
overseas administrations was that the cost of TDS would 
reduce more quickly than the cost of digital transmission. 
This now seems to be supported by the belief of many 
switching planners that TDS will be viable more quickly 
than previously suspected. On the other hand, AT&T, an 
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Fig. 6 - Digital Hierarchies 

organisation actually making use of 1ST (in very large 
metropolitan networks and employing large TDS 
machines already in situ to switch analogue trunk cir 
cuits, and economic for this purpose because of their 
size) seems cautious about the viability of TDS for smal 
ler switching machine sizes (Refs 2,3). This topic has 
been the subject of much discussion at the 1977 IEEE 
International Conference on communications. (Ref 4). 

There are some marked differences between the use 
of 1ST in a desert situation and the exploitation of the 
concept in an existing network. The need to interface 
between an overlaid 1ST network and the existing space 
division network may mute the economic advantages in 
the early years of introduction. 

Practical Economic Studies. 
Although it is reasonable to talk in broad discussions 

such as those above in terms of average costs per circuit, 
the study of practical network incrementing by alter 
native transmission systems must be on the basis of pre 
sent value of annual charges comparisons. Only such 
comparisons can take account of the effects of circuit 
growth rates, run-out time of existing equipment, and the 
different plant lives and circuit-block incrementing 
capabilities of alternative systems. ( Refs 5,6). 

DIGITAL TRANSMISSION SYSTEMS 
Use of Pulse Code Modulation Technique. / 

With few exceptions the digital transmission systems 

144 

being exploited in national telecommunications networks 
employ pulse code modulation (PCM). PCM is a coding 
technique which enables both voice signals and voice 
band data modem signals to be encoded with reasonable 
efficiency in terms of bandwidth. and to be transmitted 
with comparable performance. This does not necessarily 
occur with other forms of digital encoding. It is important 
in networks where a data connection can be made over 
the switched network that a circuit provided by a digital 
transmission system be as transparent as a physical 
cable pair or an FDM voice circuit. 

PCM System Hierarchies. 
Transmission systems hierarchies are developed and 

standardised to facilitate interconnections between 
systems of different capacities within a national network 
or between systems in one country and another. The par 
ticular hierarchy developed must recognise the need to 
accommodate a variety of different services. Thus the 
multiplexing equipment at each level of the hierarchy can 
accept input signals from different services and can out 
put them as one signal. Fig. 6 indicates the PCM 
hierarchies which have evolved in North America and 
Europe. Initially only the primary and secondary levels of 
each were the subject of CCITT recommendations. Third 
and fourth levels of the European hierarchy are now also 
endorsed. 

The primary building block of the former hierarchy is 
the T1 system, the line bit rate for which is 1.544 Mbit/s, 
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which provides for 24 speech channels. This was dic 
tated by the performance of North American type VF 
junction cables and the desirability of placing the 
regenerators at the locations of the loading coils in those 
cables. 

The base of the European hierarchy is a Primary 
Multiplex having a line bit rate of 2.048 Mbit/s for a 30 
circuit system, the configuration of which was developed 
by the European Conference of Posts and Telecom 
munications (CEPT). In addition to providing more 
speech channels, these systems devote greater capacity 
to synchronising and signalling functions. 

Both hierarchies provide for encoding of voice chan 
nels into basically 64 kbit/s digital signals (eight bit en 
coding, sampling rate of 8000 per second), although a 
very limited amount of bit stealing is allowed in the North 
American hierarchy. (The multiplex configurations of 
earlier T1 systems and the United Kingdom 24 channel 
systems do not conform to CCITT recommendations.) 

The Japanese administration has adopted the first and 
second levels of the hierarchy favoured in North America 
but prefers different third and fourth levels. A factor of 5 
is favoured for the tertiary level because the FDM 
mastergroup employed by that administration, which 
would be an input to the fourth level, is smaller than that 
employed in North America. Although multiplexing 
equipments do exist and are planned above the tertiary 
levels in these countries they tend to be seen as being for 
national systems only. It is probable that intercontinental 
links established via satellite or cable will operate at or 
below the tertiary rates. 

Use of Digital Transmission Systems in Overseas 
Inter-exchange Networks. 

Digital transmission systems are being exploited in 
overseas networks to differing extents. Some indication 
of the extent and nature of application may be gained 
from the analyses of Figs. 7, 8, 9 and 10, concerning the 
situation in USA, Canada, UK and The Federal Republic 
of Germany (FRG) respectively, and in related 
paragraphs. Extensive use of digital transmission is being 
made in the three first-mentioned countries and Japan. 
The different applications and the backgrounds to in 
troduction in each country are illuminating. 

Discussions with network and system planners in 
each of these countries enable the relative present and 
expected levels of application in these and other 
countries and Australia to be reasonably understood in 
terms of network and other factors, which include: 

• demographic dispersion, network shape and route 
densities, 

• network switching systems and signalling relay set 
characteristics and costs, 

• outside plant practices, cost structures and planning 
organisations, 

• radio spectrum aspects. 
What inconsistencies remain, and some will be ob- 
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vious from the information presented, may be explained 
by different needs and/or enthusiasm to make early in 
vestment in the future technology. 

USA 
AT&T, although having greatest application of Primary 

PCM systems which went into service in the early 
1960's and having developed high capacity digital 
systems, cannot yet economically justify use of digital 
transmission systems in the long-haul network. Great op 
timism has been expressed within AT&T that SSB AM 
microwave technology can be successfully exploited to 
effectively double the already high capacity of the ex 
isting analogue long-haul radio relay network (Ref 7,8). 
In addition AT&T are about to exploit a super 60 MHz 
analogue system having 20% additional capacity. These 
developments could postpone any transition to a digital 
long-haul network for many years. 

145 



Canada 

In marked contrast. Bell Canada and associated 
companies have independently developed and installed a 
long-haul digital coaxial cable system between Montreal, 
Ottawa and Toronto, the first parts of which went into 
service in 1975. The decision to develop this system 
which uses a special coaxial cable was taken following 
studies in Bell Canada and the associated research arm, 
Bell Northern Research. These studies considered the 
long term network requirement of various services, and 
the potential changes in cost relativities of analogue and 
digital systems. The studies, which assumed a very high 
projected requirement for digital data transmission, 
showed that attainment was possible without apparent 
cost penalty. The second working system will be added 
to this cable between Ottawa - Toronto in 1978 and ex 
tended to Montreal in 1980. 

Future development of the long-haul trunk network 
will be by digital radio systems employing two third 
order digital streams in the 8 GHz band, a band not 
available to operators in USA. The only new analogue 
systems installed will exploit remaining capacities of ex 
isting systems. Digital switching systems are to be instal 
led in 1979. 

United Kingdom 
The United Kingdom has also embarked steadfastly on 

the path to a completely digital network, following a Task 
Force Study which culminated in a recommendation in 
1971 to proceed in stages in such a direction. 

The fourth-order system indicated in Fig. 9 is a system 
developed for application on the extensive network of 
small diameter coaxial cables installed in conduits in the 
UK trunk system. Network application is expected in 
1978. The 12 MHz systems which are currently ex 
ploited on these cables provide for 2700 circuits whereas 
the · 120 Mbit/s systems provide only 1620 circuits at the 
same repeater spacing. However much shorter average 
system lengths are involved than in Australia: thus the 
transmission cost penalty of the loss of 40% of circuits on 
a bearer is much lower. Also significant savings are to be 
achieved in the UK environment by the use of signalling 
systems having much lower costs than those used with 
the BPO's FDM analogue systems. 

The developments in respect of second order PCM in 
both cable and radio systems will extend and add to the 
reliability of the cable network based on 120 Mbit/s 
systems. Deve)opments are also proceeding to stretch 
the 120 Mbit/s system to 140 Mbit/s and to produce a 
560 Mbit/s fifth-order system. 

Federal lepul,1/r ol ,ermany 
In FRG, which is a country with a very well developed 

FDM coaxial cable and radio network in which 60 MHz 
analogue systems are currently being introduced, there 
appears to be no immediate intention to introduce digital 
transmission systems other than primary multiplex 
systems. Field trials of second-order PCM systems for 
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cable and radio application, and development of special 
cables to deal with digital signals above primary level are 
nevertheless in hand. 

Other Counlrle,. 
Although not detailed in separate tables it may be 

helpful to indicate the position concerning digital 
systems in Japan. This country has made considerable 
use of primary PCM systems, some use of secondary 
PCM systems and, although making use of 60 MHz 
analogue systems, is also employing 100 Mbit/s and 
400 Mbit/s systems. 

In other countries the exploitation of digital transmis 
sion seems mainly to be confined to the short primary 
multiplex cable systems, although development of 
secondary and tertiary systems and special bearer plant 
is taking place. 

Optical Fibre Transmission Systems in Overseas 
Inter-exchange Networks, 

Optical fibre transmission systems being developed 
for inter-exchange application will exploit digital trans 
mission. Some systems have been developed to provide 
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a transmission medium for the lower levels of the 
hierarchies, however most effort seems to be directed to 
the third and higher levels. In this way the average bearer 
cost per circuit is reduced. Trials are in progress. 

Digital Transmission Systems in Overseas Local 
Networks. 

Some network application is being made of Primary 
PCM systems in subscriber networks in USA and Japan, 
generally in conjunction with an integral concentrator 
facility, to serve groups of subscribers a considerable dis 
tance away from an exchange. 

Baseband digital transmission systems exist and 
others are under development (Ref 9) to transmit digital 
data on a point to point basis or from subscribers 
premises to collection points for either multiplexing and 
application to higher capacity digital transmission 
systems, or for separate or multiplexed transmission by 
modem technology over analogue systems. 

DIGITAL-ON-ANALOGUE TRANSMISSION 
EQUIPMENT. 

As digitally originating traffic grows, and until digital 
transmission systems are available on all routes there 
will be an increasing amount of digital traffic carried over 
analogue systems by means of modem technology. As 

economies arise from the time division multiplexing of 
this traffic, the trend will be to reduce the extent of voice 
band modem traffic circuits and to encourage the use of 
a smaller number of higher capacity digital-on-analogue 
paths. 

Clearly the most straightforward approach is to exploit 
the existing analogue systems without change to the ex 
isting FDM hierarchy by making use of modems which 
accept as an input a digital stream, and have as an out 
put an analogue signal appropriate to a single band of the 
FDM hierarchy. Fig. 11 indicates how commercially 
available modems accepting different bit rates may be 
fed directly into the combining equipment of the FDM 
hierarchy. This process is referred to as data in-voice 
(DIV). Fig. 12 indicates DIV modems available with out 
puts in single bands of the FDM hierarchy. Development 
is proceeding of modems which have outputs in these 
bands and which accept higher bit rates. 

For transition interconnection of digital and analogue 
networks it would be desirable to have modems which 
accept bit rates of the various levels of the PCM 
hierarchy and have outputs appropriate to single bands 
of the FDM hierarchy. CCITT has endorsed this approach 
and has suggested two suitable forms for examination 
(6.312 Kbit/s over one FDM master group, 8,448 Kbit/s 
over one FD M supermaster group). These tend to be 
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Fig. 11 - Some DIV Modems and the FDM Hierarchy. 
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Band I Input Bit FDM Bit/s I Remarks 
Rate Band Per Hz 

(kbi t/s) Displaced 

Voice 4.8 300-3400Hz l.5 I In Service Telecom 
(3. lKHz) 

9.6 3.0 Recently in Service, Tele.corr, 

Group 24 60-lOBKHz G.5 
(48KHz) 

36 o. 75 
48 l.O I In Service, Telecom 

64 l.3 

72 LS 

Supergroup I 240 312-552KJ-l2 LO ] In Service, Facsimile Te l e c orn l 
(240KHz} 

Fig. 12 - Available Modems for Digital Transmission 
with Outputs in Single FDM Bands - High 
Speed Modem for Voice - Band, and 
Modems for other Bands 

Band Input Bit FDM Bit/s 
Designation Rate Band Per Hz Remarks 

(Kbitls) Dd s o Lac ed 

Single Supergroup 704 312-552 KHz 2.9 Field Test, France 
(240 KHz} 

Two Contiguous 1060- l 548KHz 3.2 In Service, Japan 
Super groups 1 544 (488 KHz) 

Three Contiguous 2.8 Earlier BPO Study 
Super groups 2 048 (736 KHz) 

Mastergroup 6 312 8l2-2044 KHz 5.1 Developed, Japan 
(1232 KHz) 

Fig. 13 - Modems suitable for Transmission of 
Higher Capacity Bit Streams 

j)rv Data (or digital) 
in voice 

Digital streams ~ FDM hierarchy. 

puv Da t > (or digital) 
under voice 

Digit.9.1 streams injected onto an analogue 
bearer system at a lower frequency than the 
FDM multiplex signal. 

piov 
~AV 

Data for digital) ) 
cve r voice ) 
lJata (or digital)) 
above voice 

Digital streams injected onto an analogue 
bearer system at a higher frequency than the 
FIJM multiplex signal. 

IDAVlo [ Data lor digital) I Digital streams injected onto an analogue 
above video bearer system at a higher frequency than a 

television signal. 

Fig. 14 - Forms of Digital on Analogue Transmission 

large for some likely applications, but there are dif 
ficulties with respect to modems dealing with lower bit 
rates. Such modems interconnecting single levels of both 
PCM and FDM hierarchies are either not currently 
achievable or exploit the FDM bandwidth inefficiently. 
CCITT has deferred consideration of modems accepting 
PCM hierarchy bit rates with outputs spanning two or 
more FDM bands, or modems with outputs in single 
bands of the FDM hierarchy but accepting bit rates which 
are fractions of the PCM hierarchy bit rates. Modems un 
der development in each of these categories are included 
in Fig. 13. 

With some types of analogue transmission systems it 
is possible to inject digital signals which modulate a car 
rier and occupy a band of frequencies either below or 
above the spectrum occupied by the FDM multiplexed 
signals being carried on that system. For example, in the 
case of FDM/FM radio relay systems carrying certain 
types of FDM multiplex signals, digital information can 
be injected into the modulating signal at frequencies 
below the FDM multiplex signal. This is known as "data 
(or digital) under voice" and abbreviated "DUV". 

It is also possible to inject digital streams on to the 
analogue bearer at frequencies above either an FDM 
voice multiplex signal, or a video signal. The appropriate 
abbreviations are indicated in Fig. 14. 

The ability to exploit any or all of the techniques other 
than DIV is very much dependent on the type of 
analogue transmission systems employed in the par 
ticular national network and possibly on particular routes 
within that network. CCITT has given priority to con 
sideration of DIV modems. 

Developments in Overseas Networks. 
The situation in the USA and Canada concerning 

digital-on-analogue transmission equipment is depicted 
in Figs. 15 and 16. 

USA 
As could be expected, with a completely analogue 

long-haul network and large amounts of concentrated 
digital data traffic to move around it AT&T have 
developed for their digital data network, a DUV system 
which can be associated with each of their high capacity 

Description Capacity I Major Utilization Status/Remarks 

lou_v for Microwave ILS44Mbit/slDigital Data Network 
\Rad_i_o 

Operational 

!DAVID for Microwave 11. 544Mbi t/s 
adio 

Developed 

Modem for U.S. 
!Mas;tergroup 
(2450KHz) 

~

lte.rnative modula 
ion system for 
icrowave radio 
earer (20MHz) 

13Mbit/slDeveloped to carry two [Deve Loped 
visual telephone circuits 
(coaxial cable sy_§_t_~m_tl 

[Alternative modula-]19.2Mbit/s 
tion system for 
plicrowave radio 
jbea_rer ( 30MHz) 

20Mbit/s!Devefoped to carry three !Developed. 
visual telephone circuits Regeneration carried 
(radio systems) out at some 

Developed for DATRAN 
digital data network 

r_~eEters 
Developed. 
Regeneration carried; 
out at all repeaters 

De s c r t p tir.n C:aJ.·Mi ly I Major ut il Ls a ti cn 

DUV for rnic r owa v c 
rorlio 

Op~r,11_ i onn ! 

DAV for micr,n:.1v, 
r a d l o 

l.r,l,c,!-,11,ii./s IStudivd r,,r u,:(: in conjunction 
1;! th C:,n,1di:,n Pn c. i Ii c FM/Fm1 

rc.l c1y x y s t cm 

Computer 
stu<ly showed 
feasible 

Fig. 15 - High Capacity Digital on Analogue Equip 
ment - USA 
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IJAVlll r o r 
microwave ra di c 

I. 544Mhi t/:, IAi, ,:,,,11r· :Computer 
study showed 
feasible 

Fig. 16 - High Capacity Digital on Analogue Equip 
ment - Canada 
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FDM/FM radio bearers. This system carries the 
equivalent of a T1 system bit stream ( 1.544 Mbit/s). The 
influence of AT&T's previously projected Picturephone 
network can be seen in the availability of 13 Mbit/s and 
20 Mbit/s modems for operation over analogue coaxial 
cable and FDM/FM radio systems respectively. 

Canada 
Bell Northern Research and Bell Canada have 

developed a different form of DUV system to be used in 
conjunction with their microwave radio relay systems. 
RCA engineers have executed studies confirming the 
practicability of DAV and DAVID systems for use in con 
junction with the microwave radio relay systems 
operated by Canadian Pacific. 

United Kingdom. 
This country was developing a 2048 Mbit/s DIV 

Modem for operation in a 720 KHz band spanning 3 
supergroups. This was to be used during the analogue/ 
digital transition phase and to provide streams for a pro 
jected digital data network. It is understood that the lat 
ter has been deferred and the modem development may 
have been deferred. 

FIG. 
This country has a unique solution for providing the 

links of a digital data network. Linking the main centres 
of the German network is a dual cable network con 
sisting of single standard coaxial cable tubes and plastic 
insulated symmetric pairs which currently carry 120- 
circuit FDM systems. It is planned to use the phantoms 
of these circuits to convey 2.048 Mbit/s streams around 
the network. The signals will be translated to within the 1 
to 3 MHz band to avoid interference with the 120-circuit 
FDM signals. 

DIGITAL TRANSMISSION IN THE AUSTRALIAN 
NATIONAL TELECOMMUNICATION NETWORK 
Introduction to Digital Transmission Systems. 

Telecom Australia, although fully aware of potential 
advantages of digital transmission systems is not at the 
moment committed to their introduction into any sectors 
of the network until the systems are proved economical 
in that sector. However the matter is kept under continu 
ing review, and a decision to introiduce Primary PCM 
systems has been made. At the moment a task force is 
examining the desirable tandem switching structure of 
future metropolitan networks. The potential application of 
time division switching and consequently a form of 1ST in 
these networks will be examined. 

Primary Multiplex PCM Systems. 
Installation of Primary PCM cable systems as standard 

network systems is expected to commence in 1978. This 
follows an early 1976 engineering policy decision which 
among other factors took into account that sufficient sav 
ings would accrue to justify network application at about 
that time. Trial systems have been installed since 1969. 

In the metropolitan networks of Australia, 95% of the 
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interexchange circuits are provided by two wire physical 
circuits. The remaining 5% are provided in part by some 
small capacity FDM systems, and a much larger propor 
tion of the 5% are provided on FDM broadband systems 
linking the network hub to the larger ELSA areas. These 
networks will provide the first economic application for 
PCM systems - mainly at the expense of circuits which 
would otherwise be provided by separate physical pairs 
(Ref. 6). 

Application is expected to be in all capital cities. Some 
inroads will be made into the utilisation of FDM systems 
in these networks, but for the time being at least such 
systems will continue to be exploited in circumstances 
where they remain the most economic alternative. 

System Choice, Hierarchy Adopted. 
Following the decision to adopt Primary PCM systems 

as standard network systems a decision was taken late in 
1976 concerning which of the two CCITT endorsed 
primary multiplex systems should be selected. 

The more important factors considered were: 

• Total systems costs 

• Line system costs 
• Ease of engineering and "penetration" in 0.64mm 

v.f. junction cables 

• Sources of supply 
• Attractiveness in respect to time division switching 

• Ease of interfacing with digital data streams 
• Distortiton, synchronisation and transmission 

characteristics 

• Ease with which related digital-on-analogue equip- 
ment can be engineered 

• Service characteristics 

• Application to radio systems 
• Hierarchical implications 
The system with multiplex arrangements meeting 

Recommendation 732 was adopted. Some of the impor 
tant parameters of the systems are listed in Fig. 17. 

Main CCITT CCITT 
Characteristics Ree. 733 Ree. 732 

No. of V. f. 24 30 
Circuits 

No. of Time Slots 24 32 

Line System Bit Rate 1. 544Mbi t/s 2.048Mbit/s 

Nature of Line Code A.M. I. HDB3 

Compression Law /J. = 255 A = 87. 6 
( 15 s egrnen t) (13 segment) 

Channel Associated 
Signalling Capability l,333Kbit/s 2,000Kbit/s 
per \I:, f. channel 

Common Channel Signal 4Kbit/s 64Kbit/s 
Capability 

Fig. 17 - PCM Primary Multiplex Systems 
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Digital Systems other than Primary PCM. Factors Af 
fecting Rate of Progression to a Digital Network. 

Although the introduction of Primary PCM systems 
into the Telecom Australia network has been justified 
only comparatively recently, the developments taking 
place with respect to TDS and optical fibre transmission 
emphasise the need to maintain the process of continu 
ing review concerning the potential for exploiting other 
digital transmission systems. Such a review cannot solely 
be a "bottom up" one in terms of potential economic ap 
plication of particular systems in the separate trunk, junc 
tion, and subscriber networks but must also embrace a 
"top down" approach. The position with both of the 
aforementioned catalysts is not yet sufficiently advanced 
to enable any current review to yield a firm plan for the 
future. However aspects flowing from a sector-by-sector 
examination which would be taken into account in 
developing firm plans include the following: 

• In metropolitan networks scope exists for economic 
application of higher level digital transmission 
systems. Whilst both 400 Mbit/s and 140 Mbit/s 
systems could be construed as commercially 
available and could be exploited as alternatives to 
the existing 12 MHz broadband FDM systems, only 
the latter digital system is within the adopted 
hierarchy. 

• In the trunk network because of the smaller route 
dimensions, the nature of traffic mixes are important 
considerations. A traffic mix on the dense 
Melbourne-Sydney route postulated for 1995 with 
resultant system quantities is depicted in Fig. 18. 
Although this is a simplistic approach based on 
coaxial cable technology only, the result is of in 
terest. It is seen that a stronger incentive to in 
troduce digital transmission to the trunk network 
would arise after commercial availability of equip 
ment providing redundancy removal from program 
me television signals, and/or an upsurge in demand 
for visual telephone facilities. The expected upsurge 
in data traffic is insufficient of itself to justify the 
provision of digital transmission systems. 

• In the subscriber networks, partly because of low 
spatial subscriber densities and existing exchange 
layouts it could be many years before digital tran 
smission systems operating at bit rates above those 
required for data transmission are employed in any 
quantity. However digital carrier/concentrator 
systems might find application as alternatives to 
small exchanges in some non urban areas. 

Aspects to be taken into account in the "top down" 
overall network approach. will include - 

• the relative investments in transmission plant in 
each of the three network sectors. 

• the relative circuit quantities in each of these 
networks 

• the interrelationship of these networks with each 
other. and 
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Type of Circuit [Tc Lcphone Circuits No. of No. of 400 Mbit/s 
or Eauivalent 60MHz Dioital Svstems 

Telephone Circuits Analogue Without Addit. With Addit. 
in Analogue Systems Redundancy Redundancy 

Removal Removal 

Switched Voice 18 000 1.7 3,0 3,0 

Other Voice 3 500 O.J 0,6 0.6 

IDat, 4 000 0.4 0.05 0.05 

) PROG 12) 
7.2

1 z,t/ TV ) EDUC 6) 43 200 4,0 
) CONF 6) - -- - 
1800 Voice Circuits 6,4 10.85 6.05 

1MHz Visual Phone 54000 / 540 000 -1.::.QL1Q_ 3.031303 o. 754/7 .54 
180 or 1800 i.e. 11.4/56,4 11.85/40,85 6.8/13.55 
·1; or 10% of sw· 
o i c e circuits) 

1. @ 120 Mbit/s per circuit 
2, @ 40 Mbit/s per circuit 

3. @ 6 Mbit/s per circuit 
4. @ 1.5 Mbit/s per circuit 

Fig. 18 - Possible Traffic Mix Melbourne-Sydney 
Route 1995 - Numbers of Analogue or 
Digital Systems 

• the influence of TDS. 

Digital-on-Analogue Transmission Equipment 

Digital information has been transmitted over single vf 
and group bands of the FDM hierarchy for many years. It 
has b~en resolved that to transmit higher capacity digital 
streams, earliest attention will be given to the use of DIV 
modems. The situation concerning exploitation of DUV 
and DOV facilities in Australia is not as attractive as it' 
might appear from the existence of such systems in other 
networks - particularly the North American situation 
relating to DUV systems for FDM-FM radio relay 
systems. The frequency bands of the FDM multiplexes 
employed in North American and Australian networks 
are different. Systems in the Australian networks have 
much less spectrum in which to insert digital information 
than is available in the Northern American systems. 
Comparison of Figs. 19a, 19b, 19c will illustrate this 
situation. 

Japanese manufacturers have developed a system to 
transmit a 1.544 Mbit/s stream under the speech mul 
tiplex band of 1800 and 2700 voice circuit FDM/FM 
radio relay sytems. similar to those employed in 
Australia. Telecom Australia's opting for the 2.048 
Mbit/s primary level makes this of limited interest, trans 
mission of the latter stream in the same band being a much 
more demanding process. 

Exploitation in Australia of a DAVID 2.048 Mbit/s system 
which is compatible with Australian microwave TV radio 
relay links may be possible. Although some DOV systems 
have been developed in Europe for operation with 12 MHz 
coaxial cable systems it is not believed that these would 
operate successfully on equipment installed in the Telecom 
Australia network. However the recent development of 18 
MHz coaxial cable repeaters to give satisfactory operation at 
the nominal 12 MHz (4.5km) spacing, should allow streams 
of at least 8 Mbit/s to be added to existing coaxial cable 
systems. 
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Radio Systems 
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Summary Concerning Digital Transmission in 
Telecom Australia Networks 

Digital transmission by means of ditigal-on-analogue 
transmission facilities has been in operation in the 
Telecom Australia network for many years. The potential 
application of digital transmission systems has been un 
der review for at least 10 years, and trial systems have 
been in operation for about 7 years. Primary PCM 
systems will be installed as standard network compo 
nents for short-haul application from 1 978. 

Although it has not yet been determined when other 
digital transmission systems will be economic in the 
Australian network, a process of continuing review 
operates. Current studies concerning the use of optical 
fibre bearer systems and alternative schemes for tandem 
switching in metropolitan networks will be components 
of this review and important inputs in the subsequent 
development of formal plans. 

In the meantime signals originating in digital form will 
continue to be transmitted over analogue transmission 
systems. It is likely that the numbers and capacities of 
modems for this purpose will increase to enable trans 
mission of streams of time division multiplexed data traf 
fic. 
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In Brief 

NEW FIRST IN TELECOMMUNICATIONS LINKS MANGANESE ISLAND WITH 
MAINLAND 

Australia's first low-power tropospheric radio 
link will soon be installed to link Groote Eylandt. 
in the Gulf of Carpentaria, with the mainland. 

Systems of this type will open up new pos 
sibilities for reliable trunk line telephone com 
munications in remote parts of Australia and 
other countries. 

Designed and built by Amalgamated Wireless 
(Australasia) Limited, Australia's largest 
electronics company, which pioneered many of 
this country's most important communications 
developments, the system is expected to be in 
operation within a few months. 

Groote Eylandt. a 2000 sq. km island 48 km 
from the east coast of Arnhem Land, has the 
largest single manganese mine in Australia, 
operated by the Groote Eylandt Mining Com 
pany, a subsidiary of the Broken Hill Proprietary 
Company Limited. The island's total population 
is about 2200. 

Opened in 1966, Groote Eylandt has had to 
rely on HF (high frequency) radio for com 
munications with the mainland. This service has 
often been restricted by adverse atmospheric 
conditions. 

The Groote Eylandt tropospheric scatter radio 
system will connect into Telecom's national 
telephone network at Gove. Gove is linked to 
Darwin by an existing Telecom high powered 
120 channel tropospheric scatter radio system. 

Tropospheric radio systems are used to a 
limited extent throughout the world for 
providing a small number of telephone circuits 
over distances of one hundred to a few hundred 
kilometres. Their operation depends on the 

troposphere reflecting or scattering the radio 
beam from a transmitter to a distant receiver. 
The troposphere is the layer of the atmosphere 
closest to the earth which extends upward for 
distances of 10 to 1 5 km. 

Tropospheric communications can thus be 
used to eliminate the need for line-of-sight 
transmissions. Normally, they require extremely 
powerful transmitters and very sensitive receiv 
ing equipment. such as are used in Telecorn's 
mainland systems. 

AWA designed a system to meet the special 
needs of Groote Eylandt. High power was not 
necessary because of the smaller number of 
telephone and telex services called for by the 
island's population. Their system will link with 
the Telecom system in the Northern Territory 
and thus with the rest of Australia. 

The AWA tropospheric radio system will 
provide a 24-hour seven day a week service, 
and will provide 12 channels for speech or data. 

The system incorporated quadruple diversity. 
On the island will be two seven metre dish 
antennae. 30m apart, each with matching trans 
mitters and receivers. 

Each unit will operate on a slightly different 
frequency, to guard against fading. This equip 
ment will be duplicated on the mainland where 
it will connect with the Telecom trunk system. 

The concept of a low-powered tropospheric 
system which needs no line-of-sight radio 
paths. promises communications possibilities 
for remote townships, mining sites, oil rigs, and 
other isolated locations where telephones are 
vital. 
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Grade of Service and Performance Monitoring of 
Traffic in the Austral.ian Teleco,mmunications System 

J.P. FARR, B.E., B.Ec., M.A.Sc., C.Eng., M.1.E.E. 

This article outlines the measurement techniques used by Telecom to assess grade of service and 
switching loss performance in the telecommunications system. It includes methods of undertaking 
traffic recording on final choice circuit groups, service assessment of live traffic, artificial traffic 
call generation, automatic monitoring of live traffic and the analysis of subscriber trouble reports. 

Editorial Note: This paper was presented to the 
International Union of Radio Science (U RSI) at the 
International Symposium on Measurements in 
Telecommunications held in Lannion, France on 3-7 
October 1977. 

INTRODUCTION 
Within, Australia, public telecommunications ser 

vices are provided and operated by Telecom 
Australia, whilst services to other countries are the 
responsibility of the Overseas Telecommunications 
Commission. This paper is limited to a description 
of the measurement practices followed by Telecom 
Australia. 

In common with other administrations, Telecom 
Australia makes regular measurements on, its tele 
phone and telex systems in order to compare the 
observed performance with standards. Many differ 
ent aspects of service are assessed, including for 
example, effective call rate, plant congestion, 
switching loss (i.e. calls unsuccessful due to equip 
ment defects), delays in establishing a connection, 
incidence of faults reported by subscribers, cross 
talk, transmission loss, etc. However, so as to keep 
within the confines in,dicated by the title of this 
Session of the Symposium, this paper will only 
cover the measurement techniques used to assess: 

a. the Grade of Service, and 

b. Switching Loss Performance 
of traffic in the Australian, national telecommunica 
tions system. 

The opening section of the paper outlines an 
adaptive approach aimed at obtaining a balance 
between the costs of measurements and the value 
of the potential benefits. The measurement tech 
niques covered in the main body of the paper re 
late to: 

FARR - Traffic Service and Performance Monitoring 

• Traffic recordings on final choice circuit groups, 
• Manual service assessment of live traffic, 
• Artificial test call generators, 
• Automatic monitoring of I ive traffic, and 
• Automatic marker disturbance recording. 

Other aspects dealt with include: 
• The role of analysis of technical assistance 

(trouble) reports from users in assessing the 
performance of telecommunication,s networks, 

• The effect of traffic overload on grade of ser 
vice, and 

• International implications of unsatisfactory 
grade of service. 

SPECIAL TERMINOLOGY 

ARE- 11, ARF, ARM, METACONTA l OC 
Types of common control (crossbar or SPC) ex 

changes mentioned in this paper. 

CALL CONGESTION LOSS (or CALL BLOCKING) 
The ratio of the number of first call attempts 

which were unsuccessful (owing to the unavail 
ability of suitable connecting paths) to the total 
number of first call attempts during the same period 
of time. 

DISPERSION 

Traffic dispersion is the spread of an, exchange's 
originating or incoming traffic offered to the differ 
ent destinations. 

GRADE OF SERVICE (GOS) 

Busy signal systems: 

• The GOS is the probability of not being able 
to set up a connection. to a chosen route or 
destination because of insufficient circuits. 

• The network GOS is the average of the nom 
ina I terminal exchange-to-terminal exchange 
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grades of service over the whole network, 
weighted in proportion to the traffic flowing 
between the various pairs of terminals. 

• The overall GOS is the total probability of call 
loss (from orig in to destination) due to con 
gestion at any switching stage in,volved in the 
connection. 

Delay systems: 

• GOS is expressed as the probability of a call 
being delayed by more than some specified 
time; sometimes average delay on all calls is 
used as a measure of delay GOS. 

NOTE I-Strictly speaking, Call Congestion Loss is a measurable. 
quantity, whilst GOS is a design concept dependent upon 
specified assumptions about the traffic and switching system. 
The two terms are often used interchangeably. 
NOTE 2-The French term 'qualite de service' includes calls 
which fail due to insufficient circuits and other factors, and is 
therefore not equivalent to the term 'grade of service'. The 
French equivalent of GOS is probably 'qualite d'ecoulement du 
traflc'. 

MUUIFREQUENCY CODE SIGNALLING (MFC) 

A method of forward and revertive, compelled 
sequence signalling used for calls handled by cross 
bar and SPC exchanges. 

NETWORK PERFORMANCE AND ANALYSIS CENTRE 
(NPAC) 

An operational centre which gathers, records, 
analyses and distributes information about the per 
formance of a telecommun,ications network. 

OCCUPANCY 

The mean traffic intensity, over a period of time, 
on a circuit or group of circuits. 
SFC 

Stored Program Control. 
STD 

Subscriber Trunk Dialling (equivalent to Direct 
Distance Dialling - DDD). 

SWITCHING LOSS 

The proportion of calls, in a network, or a part 
of it, which are unsuccessful due to faulty perform 
ance of the switching equipment. 

TA 
Request for Technical Assistance from a user 

whose call attempt has been unsuccessful. 

TRUNK CALL 

A call which is charged at more than the unit-fee 
rate. 

ADAPTIVE ADJUSTMENT OF THE MEASUREMENT 
PROGRAMME 

The objective of GOS and Switchin.g Loss Per 
formance measurements are to ensure that ade- 

154 

quate quantities of switching equipment and speech 
(er data) circuits are provided to carry the offered 
traffic at the desired GOS and to ensure that this 
equipment is being maintain.ed in a manner which 
gives satisfactory results to the users. Only a very 
small sample of all traffic is assessed, but even so, 
the volumes of data involved are very large and the 
costs of taking the measurements, and then pro 
cessing and an,alysing the results represent a sig 
nificant overhead. 

Consider then these objectives and the possible 
benefits which may be obtained as a consequence 
of the measurements. I would suggest that the 
amount of resources devoted to a measurement 
programme should be adjusted from time-to-time 
in an ADAPTIVE manner so that the effort expended 
is correlated to the difference between the actual 
and the desired performance of the equipment or 
network. This approach reflects the economic bal 
ance which should be maintained between the costs 
of measurements and the potential benefits to be 
gained from applying the measurement results. In 
exchanges or networks which have a performance 
which causes dissatisfaction to many users, the users 
will lodge an inflated level of complaints and the 
administration will incur high costs in investigating 
the complaints and initiating ad hoe corrective 
action. In addition, revenue may be lost since the 
poor performance of the communication facilities 
wi 11 act as a deterrent to users. Some users wi 11 
either forego po'.ential calls or utilise alternative 
means of communication. Thus, an improvement 
in the performance to a generally acceptable level 
will reduce the administration's operating costs per 
service, prevent loss of revenue, and may (in some 
instances) generate extra revenue. 

As an example, consider an exchange or net 
work in which con.gestion in the switching equip 
ment or junction routes greatly exceeds the ad 
ministration's standard (i.e. target). It would be ap 
propriate to expend a relatively high level of 
measurement resources aimed at determining the 
equipments which are deficient or faulty. Explicit 
corrective action could then be initiated. We would 
utilise appropriate GOS measurement techniques 
to monitor the reduction in congestion which should 
result from the corrective action. However, once 
the congestion in that exchange or network reaches 
the desired target, the resources devoted to 
measurements should be reduced to the minimum 
level necessary to determine (with adequate con 
fidence) that the overall GOS meets the standard. 

We can also use the adaptive approach in pro 
gramming those traffic measurements which are 
specifically performed to provide base information 
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for future planning. Thus, for example, exchanges 
and traffic routes which are experiencing slow rates 
of traffic growth only warrant infrequent measure 
ments. On, the other hand, those trunk routes with 
high rates of growth warrant more frequent traffic 
measurements to assist forward planning, especially 
if under-provision of circuits is likely to cause 
customer dissatisfaction or significant loss of 
revenue. 

TRAFFIC RECORDINGS ON FINAL CHOICE 
CIRCUIT GROUPS 

Introduction 

COTT Recommendation E500 deals with the Meas 
urement and Recording of Traffic on international 
circuit groups. The Recommendation suggests that 
"the recording equipment should make a record of 
the traffic flow carried during the mean busy hour 
for at least the 30 days of the year in which the 
mean busy hour traffic flow is the highest". Pro 
cessing methods may then be employed to calcu 
late values for the average traffic flow for the 30 
and for the 5 busiest days during the year. This 
is the preferred method. The second preference in 
the Recommendation suggests "a measuring period 
of 10 consecutive normal working days during the 
busiest season of the year." Such comprehensive 
measurements, warranted in the case of inter 
national circuit groups because of the exceptionally 
high cost of e sch circuit and fast rate of growth 
in offered traffic, are not generally [ustified in 
national networks, except perhaps in the case of 
high cost trunk routes. 

However, recent progress in electronic instru 
mentation has been, so great that it is now becom 
ing economically feasible to justify more extensive 
traffic measurements than formerly. Furthermore, 
Individual Circuit Monitoring equipment, in the 
course of gathering circuit occupan,cy data to assist 
in the maintenance of the network, provides as a 
bonus useful traffic data for monitoring and plan 
ning purposes. Fin.ally, SPC exchanges, with their 
inbuilt capacity to measure traffic are lowering the 
cost of obtaining traffic data compared to conven 
tional exchanges. 

The approach adopted by Telecom Australia to 
traffic measurements aimed at monitoring conges 
tion due to traffic flow will only be outlined here 
as fu 11 deta i Is of traffic measurement techniques 
are given in my companion paper to be presented 
in. another Session of the Symposium (Ref. 1). 

In networks which uti I ise alternative routing, 
only the final choice circuit groups can experience 
traffic congestion. It is therefore our practice to 
monitor the final choice routes more carefully 

than high usage routes. Fortun,ately, the final choice 
routes comprise only a small proportion (e.g. 20%) 
of the total number of routes in a network, thus 
minimising to some extent the resources required 
for this aspect of network management. 

Measurement Standards and Procedures 

In the Australian urban networks, full-scale 
occupancy and dispersion traffic measurements are 
taken at terminal exchanges at approximately two 
yearly intervals. At tandem and transit exchanges 
these full-scale readings may be done more fre 
quently if warranted, but usually not more often 
than once per year. By a full-scale reading I mean 
a route-occupancy reading over a period of five or 
possibly ten. days, with sampling scans generally 
at three-minute intervals, covering the busier 
periods of each day. Traffic dispersion measure 
ments are generally taken at the same time as the 
route occupancy reading. Call holding time infor 
mation is obtained as a by-product of the disper 
sion rne asurernents. Individual circuit measurements 
(i.e circuit occupancy) are done on an as-required 
basis. 

At rural exchanges, traffic measurements are 
made ar intervals varying from two to five years 
depending on the size and importance of the ex 
change. The rural networks in Australia utilise tran 
sit centres called Minor Switching Centres. This is 
foriunate from the point of view of network moni 
toring since, as the rural terminal exchanges tend 
only to have routes to the parent minor switching 
centre, it is possible, at a minor switching centre to 
measure the traffics on most of the [unction routes 
in and out of the subsidiary terminal exchanges. 

The standard measuring equipmen,t used in most 
of our crossbar and step telephone exchanges and 
in the telex exchanges is called Traffic Data Equip 
ment (TDE). The equipment has been designed to 
permit the most commonly required measurements 
to be performed for a complete exchange at the 
one time. 

An important feature of TDE is that the measure 
ment process is fairly automatic, and the output 
data is recorded onto reels of computer compatible 
magnetic tape. These aspects assist considerably 
in controlling the costs of gathering (and processing) 
the large amounts of data involved. 

The processing of TDE measurement data is done 
off-line on a large computer. For a route-occupancy 
measurement, the computer printouts show, for 
each circuit group: 

• busy hour time, and mean and variance of the 
daily busy hour traffic. 

• maximum and minimum number of devices 
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in use each day. 
• over the period of the measurement, the (post 

selected) time consistent busy hour (TCBH), 
and the mean and variance of the TCBH traffic. 

Accuracy 
The accuracy of the sampling method of per 

forming traffic intensity measurements is a function 
of the scanning interval (t), the number of busy 
hours over which the observations are averaged 
(T), the average holding time of calls (d), and the 
actual traffic (A) being carried on the route (Ref. 2). 
We on predict with 90% confidence that the mean 
of the measured observations will lie in the range- 

A ± l.645(A.t/d) [l + e -tld)/(1 - e -tld)r' (1) 
K1nowing the TCBH traffic on a final choice 

circuit group and the number of circuits in, the 
group, one may consult the appropriate traffic 
capacity table to obtain an estimate of the GOS 
(strictly speaking, the Call Congestion Loss) being 
experienced by traffic offered to the route. The 
figure obtained can on.ly be regarded as an 
estimate of the Congestion Loss due to: 

• Measuremen,t errors caused by sampling; see 
Equation (1). 

• Traffic tables are based on ideal assumptions 
about switching systems and the statistical 
properties of the offered traffic. 

• The carried traffic is generally less than the 
offered traffic. 

Kuczura and Neal (Ref. 3) have made an 
analytical study, backed up by computer simulation,, 
of the accuracy of estimating congestion loss on 
intermediate high usage, and final choice routes 
with overflow from high usage routes. They have 
concluded that the relative accuracy of call con 
gestion measurements decreases as the blocking 
probability decreases. An earlier paper by Descloux 
(Ref. 4) on the same subject, deals with a traffic 
system in which call arrivals follow a Poisson pro 
cess; the results are useful for first choice routes 
but can only serve as a guide for routes carryin,g 
overflow traffic. He has compared the accuracy of 
estimating loss probabilities by several measure 
ment methods, i.e. time congestion, call congestion, 
route occupancy by scan,ning, and route occupancy 
by continuous recording. For offered loads (in 
erlang) less than the number of trunks, his simula 
tion results show that loss probabilities estimated 
from carried loads have smaller variances than 
other measurement methods. 

Measurements at SPC Exchanges 
It is not necessary to use the TDE to obtain traffic 

measurements from our Metacon,ta IOC SPC trunk 
exchanges. Instead, when occupancy or dispersion 
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measurements are required, the appropriate com 
puter programs are loaded into the cen,tral pro 
cessor and the measurement process proceeds con 
current with the normal switching functions of the 
exchange. The data obtained is transferred from a 
buffer area to magnetic tapes. These tapes are pro 
cessed by the same computerised system as is used 
for TDE data. The recording system has had some 
problems - e.g. in the busy season (i.e. pre-Christ 
mas), the extra processing load from the traffic 
measurements has, on occasions, degraded the 
traffic handling capacity of the IOC central pro 
cessors. 

For the SPC local exchanges we expect to be 
installing by the early 1980s we have specified a 
requirement for traffic data, in.eluding the following, 
to be gathered on-line, and transmitted at 30 
minute intervals to a central location: 

• Total originating, total terminating and total 
incoming traffic; 

• Traffic load statistics on selected groups; 
• Total call count on traffic offered to outgoing 

routes and selected circuit groups - i.e. calls 
offered and calls failed due to congestion. 

More extensive data (e.g. traffic dispersion) will 
be gathered for planning and design purposes. 

Supp'ementary Route Occupancy Measurements 
A full-scale traffic measurement at an exchange 

using TDE is an efficient way of measuring the mean 
and the variance of the traffics carried on a large 
number of circuit groups. As stated earlier, it is 
used to give a comprehensive traffic reading at 
intervals of approximately two years. We use sup 
plementary measurements to provide monitoring 
information about the traffic carried on, some of the 
final choice trunk and junction routes. One of these 
methods is to do a manua I reading at the exchange 
using the Erlangmeter which is part of the perman 
ently installed TDE equipment. Traffic intensity is 
sampled on the desired routes at intervals of (say) 
three or five minutes during the busy hour for five 
successive days. Sample values are recorded 
manually and the average is computed, thus yield 
in.g an estimate of the mean busy hour traffic. A 
further refinement in use is to transmit route occu 
pancy data for the busy hour each day to a central 
location where it is au1omatically stored on mag 
netic tape ready for off-line computer processing. 
(Ref. 5). It is possible that on-line processin,g of this 
data by minicomputer will be used in due course. 

Another method giving regular surveillance of 
final routes involves the use of Erlanghour meters 
(Ref. 6). The Erlanghour meter is an integrating 
current meter whir:h is calibrated to give a numer- 
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ical indication of the traffic in erlang-hours which 
a circuit group has carried over the period of the 
measurement. The Erlanghour meters are switched 
on by a clock for the period of the busy hour 
only, and thus the reading on the meter corres 
ponds to the busy hour traffic in erlangs. One may 
compute from the appropriate traffic capacity tables 
the traffic that the route is designed to ea rry, 
knowing the number of circuits on the route, the 
design G0S and an estimate of the variance-to-mean. 
ratio. At regular intervals the measured traffic is 
plotted on a graph and compared with the designed 
traffic capacity of the route. In addition, the theor 
etical GOS on the final route may be computed 
from standard traffic tables. When the carried traffic 
is ne ar inq the design figure, corrective action may 
be initiated in time to prevent the route going into 
congestion. One reason for Telecom Australia using 
Erlanghour meters for final route supervision is 
that the measuremen,t data may be telemetered to 
a central location over junction cables and thus a 
considerable number of final choice circuit groups 
may be monitored from one location (Ref.5). On the 
other hand, Erlanghour meters are not very accurate, 
especially the types which depend on a variable 
speed direct-current motor for current integration. 

When ad hoe rather than regular surveillance 
of traffic intensity on a final route is required we 
often use a chart recorder. The recorder can be set 
up fairly easily and may be left unattended. A 
drawback is that the time taken to process the data 
is rather extensive. 

At ARM trunk exchanges, a metered record is 
obtained for e ach route showing the total period 
of time during which all circuits were occupied. 
This information may give the first indication of 
imminent congestion. 

Daily Traffic Recording 
Following on, from a field trial evaluation (Ref. 5), 

it is proposed to equip crossbar and step ex 
changes with add-on monitoring equipment which 
will permit Daily Traffic Recordings to be obtained. 
Traffic intensity and counts of calls offered/ calls 
lost for selected circuit groups will be recorded 
daily, and the data will be tele-metered to central 
locations for logging. This will enable the busy 
hour carried traffic and call congestion to be meas 
ured, and the offered traffic to be estimated 
accurately (Ref. 4), thus yielding the information 
needed for supervision of the G0S. 

The system is seen as a sign,ificant step forward 
in our ability to accurately and economically monitor 
traffic on key routes and circuit groups. Our forth 
coming SPC local exchanges will have an in-built 
ability to supply daily traffic data. 
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Individual Circuit Monitoring (ICM) 
Computerised equipment for large-scale monitor 

ing of individual circuits is currently under evalua 
tion by Telecom Australia. The equipment scans 
the state (busy or idle) of each circuit at frequent 
intervals. and accurate data are obtained on call 
seizures, circuit occupancy and average holding 
time of each device. The primary value of ICM 
is for main:enance, advantage being taken of the 
fact that circuits which are faulty or out of service 
wiil show markedly different values of holding 
time and/or call seizures to the expected, or aver 
age, values for the circuit group as a whole. 

As a by-product, the individual circuits can be 
pre-grouped in software data tables into routes. At 
reqular intervals (e.g. every hour) a printout can be 
obtained (remotely if desired) of the number of 
seizures and traffic intensity for each group. This 
information can, then be used for congestion super 
vision purposes. 

The ability to measure, analyse, and report on 
live traffic in an on-line mode gives ICM great 
potential as an instrument for G0S supervision. 
ICM can be provided as an add-on facility at 
existing exchanges, but will be built-in to our 
SFC local exchanges. 

MANUAL SERVICE ASSESSMENT OF LIVE TRAFFIC 
Telecom Australia has objectives for the per 

formance of its telephone and telex systems as 
viewed by the users. For example, the target for 
telephone calls in the local "unit fee" calling area, 
is th st not more than 1.0% of all calls should en 
counter equipment congestion, and that not more 
than 1.5% should fail due to switching loss - i.e. 
call failures due to plant defects. (Switchin.g loss 
includes calls which are switched to a wrong num 
ber; encounter no progress; are cut off; or are 
simultaneously connected to a third party.) For Sub 
scriber Trunk Dialling (STD) calls the targets are 
2.0% for congestion loss and 3.0% for switching 
loss. 

A continuous programme of manual service 
assessment of live traffic is used to obtain. the neces 
sary data. The results are used by upper and middle 
management as a statistically reliable indicator of 
over all performance of the telephone and telex 
systems, and to quantify particular aspects which 
are likely to cause customer dissatisfaction. The 
other key indicator of user dissatisfaction is the 
level of cus.orners' Techn,ical Assistance reports; 
this indicator is covered later. For the tele 
phone system, the method of obtaining the data 
is to have manual operators at central locations 
observe a sample of calls originated from exchanges 
in e sch urban area. At ARF an.d ARE crossbar ex- 
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Fig. 1-Local Network Service Assessment Equipment 

changes a small number of SR relay sets (i.e. Sub 
scr.bers' Cord Circuits) are connected via junction 
cable pairs to the centralised service assessment 
operators. SRs are utilised because they are in use 
for the entire duration of a call. The SRs are 
selected so that an unbiased sample of all 
originated traffic from the exchange is obtained. 
See Fig. 1. 

The sample size used in the large metropolitan 
networks is 100 originating calls per exchan,ge per 
four week period. Prior to 1976 the sample size 
was 200 calls per exchange. Observation of calls 
occurs from about 0700 to about 2200 hours, five 
days per week. We aim to sample half the calls 
for each exchange in the first two weeks of the 
period and the other half in the second two weeks, 
the object being to avoid statistical bias being in 
troduced by short term disruptions in equipment 
performance. Most local calls are observed from 
the time the subscriber first attaches to the SR cord 
circuit until the call has been in progress for 15-20 
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seconds, but 10% of calls are observed until com 
pletion or until three minutes has expired, which 
ever occurs sooner. The objective of the longer 
observation on some cal Is is to note cases in which 
the quality of transmission on the circuit appears 
to impede the conversation, arid to see whether the 
metering (which takes place at the termination of 
crossbar-originated local calls) occurs correctly. 

With STD calls, metering occurs during the prog 
ress of the call, and observation occurs from the 
seizing of the S.R until about four meter pulses 
have occurred. For STD service assessment the ob 
jective in the larger metropolitan networks is to 
sample 5000 calls per four week period. To get 
an STD sample of this size it is necessary to supple 
ment the sample obtained as shown in Figure l 
with direct observation of calls which have already 
been switched to a trunk route; a penalty is that 
some information about the call is then not obtain 
able. Post-dialling delay is also measured on STD 
calls. 
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The service assessment operators use headsets 
to listen to the calls chosen for sampling. Informa 
l ion relevant to each ea II is recorded directly onto 
punched computer cards. This recording method 
generally works very satisfactorily, and by avoid 
ing the need for double handling of data, enables 
a high productivity to be obtained from the opera 
tors. Data recorded for each call include: origin 
exchange, number of the called party, time of day 
and whether the call was successful. If the call 
fails the reason is recorded. In Australia, the tone 
used for calls which fail due to con,gestion in the 
public network is different from the tone for calls 
which are directed to a busy subscriber. This en 
ables the Service Assessment operators to dis 
tinguish between the two cases. 

The punched cards are processed by computer 
at the conclusion of each four-week period. As 
indicated earlier, the prime outputs obtained are: 

• the percen,tages of all observed calls in the 
network which fail due to equipment con 
gestion or which encounter switching loss, and 

• the percentage of calls which fail due to fac 
tors which can be attributed to the calling or 
called parties. 

For urban networks, the results have been found 
to be consistent from one period to the next thus 
giving confidence that the sample size is adequate 
for the purpose of providing a network indicator. 
It is in.teresting to note that the worse the perfor 
mance of an exchange, or network, the more ex 
tensive is the quantity of data obtained about failed 
calls without having to increase the sample size. 
This may assist the maintenance staff in. fault 
finding activities. 

Since only l 00 calls are sampled from each 
originating exchange there is no illusion that the 
sample should give a statistically reliable picture 
of individual exchanges. The statistical confidence 
will depend on the mean and variance of true 
congestion and switching loss being experienced 
on calls from that exchange. As these losses are 
usually small (e.g. in the range 0.5-3.0%) l 00 calls 
will not give a statistically reliable indication of 
true performance. Even for a full year (i.e. 13 
fcur week periods = 1300 calls) a measured loss 
of 1.0% will have 95% confidence limits of 
0.5-1.5%. Nevertheless, the annual results are 
useful for management to assess the comparative 
performance of originating exchanges and to 
observe the long-term trend for individual 
exchanges. 

With these reservations, the four-weekly data is 
sorted by the computer program to give an 
aggregate picture for each originating and ter- 
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minating exchange, an,d a matrix is produced 
indicating losses between individual pairs of 
exchanges. Since the latter will generally be very 
small it is better to produce a report showing only 
those cases where the percentage of unsatisfactory 
calls exceeds a specified figure. Also, the call 
sample size between individual pairs of exchanges 
will vary considerably, and it is necessary to use 
statistical tables to determine the confidence limits 
that can be placed on the performance results 
cbtained from the matrix. (However, aggregating 
rhe exchange-pair data over a period of a year 
leads to a higher confidence in the results.) Since 
the percentage dispersion of calls varies consider 
ably between exchanges it is found that if, in a 
four-week period, we observe l 00 calls originating 
from each exchange in an urban network the 
number of calls terminating at each exchange 
will vary from quite a small number (e.g. 20) to 
much larger numbers (e.g. 500). Thus, the statis 
tical confidence which can be placed in the data 
for assessing the terminating performance of 
exchanges varies a great deal. In order to cater 
for the smaller sample sizes we generally prefer 
to see the terminating data aggregated over a 
period of three months rather than just four weeks. 

The network data is also partitioned into the 
ca.eqor ies of "whole-of-day" and "busy period 
only", since, although our targets are in terms of 
who!e-of-day performance, there is concern to 
ensure that busy period performance is also satis 
factory. However, the estimates of loss for the busy 
period (generally 0900- 1100 hours), are less re 
liable due to the smal!er sample size. It has been 
found that the busy period switching loss is gen 
erally on1y slightly worse than the whole-of-day 
average. This implies that the switching equipment 
which is mainly crossbar, performs almost as re 
liably in, heavy traffic as in light traffic. 

The service assessment operators record meter 
ing irregularities but these are events of such in 
frequent occurrence (typically on less than 1 % of 
calls) that the results do not provide a statistically 
reliable indicator of the true percentage. 

The post-dialling delay for each STD call is 
recorded as falling within. a particular range, and 
the cornpu.er processing gives a percentage in each 
range so that a comparison with targets is facili 
tated, 

I would like to emphasize that the service assess 
ment monitoring of a small sample of live traffic 
1s primarily aimed at yielding an indication of net 
work performance to upper and middle manage 
ment. The data is not intended as an actual fault 
finding tool. Nevertheless measurement data re- 
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lating to failures is made available on a daily basis 
to Network Performance and Analysis Centres 
(NPAC). These centres are continuously obtaining 
dat s about network performance from many sources 
and the service assessment data supplements the 
other information. Studies are proceeding which, 
through the use of on-line data logging and analy 
sis by minicomputers, could lead to a greater deg 
ree of automisation, of the service assessment pro 
cedures. 

In the telex network similar procedures to the 
above are used for assessing the performance of 
live traffic. At I0C trunk exchanges the service 
assessment process is partly automated. After the 
operator commences observation of a new call 
most of the required data is recorded automatically 
by the exchange's central processor onto magnetic 
tape. The operator adds the extra information which 
cannot be obtained automatically - e.g. wrong 
number obtained, poor quality of transmission, etc. 
At regular intervals the data is analysed off-line 
by computer. 

ARTIFICIAL TEST CALL GENERATORS 
Nearly all of the medium and larger sized tele 

phone exchanges in Australia are permanently 
equipped with a machine called a Traffic Route 
Tester (TRT) which can generate calls to predeter 
mined test numbers. In addition, NPACs are also 
provided with one or more TRTs and these can be 
connected via junction pairs, or via the switched 
network and Remote Call Repeaters to originating 
stages of terminal exchanges. Portable TRT mach 
ines are provided for use as required at the small 
exchanges, (Ref. 7). At ARE- l l exchanges, a perm 
an.ently installed Automatic Exchange Tester will 
encompass the facilities found in a TRT, and these 
machines will be able to be activated from a re 
mote control centre. 

A TRT can be set up to establish any desired 
number of calls to predetermined test numbers, 
and if the call fails the reason is recorded on a 
meter and a printer. If desired, the forward con 
nection is held to enable the tracin.g of the call - 
this is called the "hold and trace" mode of opera 
tion. When using the TRT in the "observe service" 
mode, after the programme of calls has been com 
pleted, the meters can be read to indicate for each 
destination the number of call attempts and the 
number of call failures in the different categories. 
Thus an estimate of the GOS and switching loss to 
each particular destination, may be obtained. 

The terminations used on the test numbers are 
Tone Answer Responding Sets (TARS) which provide 
automatic answering and identification facilities. 
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(If a TARS is not available at the destination ex 
change a Test Coll Answer Relay Set or TRT will 
suffice). Test calls from the TRT are injected into 
the telephone system at the same point as calls 
from ordinary subscribers. Similarly, the TARS are 
connected to the equivalent of subscribers' lin,e 
terminals. The signals used between the TRT and 
the TARS are the same as would pass during ordin 
ary subscribers' calls. Thus the TRT test calls traverse 
the same paths through the public network, employ 
the same signalling facilities, and encounter the 
same network conditions as normal subscriber dial 
led calls. A multi-tone detector enables the TKT 
to recognise the tone sequence of a successful call 
(Ring Tone, then two pulses of 82GHz tone from 
the TARS of at least 650msec duration separated by 
a silent interval of at least 500msec followed by an 
answer signal), or the service ton,es which mark an 
unsuccessful call (Busy Tone or Congestion Tone). 

It used to be common practice in Australia to 
regularly run a programme of TRT test calls be 
tween exchanges in each urban, network. The dis 
persion of calls to the various destinations was 
arranged to approximately coincide with network 
traffic flows. With this method of testing it is poss 
ible to isolate equipments causing failures and to 
re:tify most of the faults thus revealed. The per 
forman,ce of the urban networks was improved 
considerably as a result of these, and other, en 
deavours and, as a result, when call congestion 
and switching loss approached or attained the tar 
get levels it was no longer necessary to run. test 
call programmes on a regular basis. 

Nowadays, the exchange TRTs are generally used 
regularly only to generate STD calls since this 
portion of the network still shows some scope 
for improvement towards the target. Even so the 
tendency now is to use a remote TRT (located at the 
NPAC) to generate the test STD calls. The rationale 
for this centralisation approach is that the cause of 
failure of STD calls is generally found to be in the 
trunk switching or trunk transmission facilities, or 
particular terminal exchanges, rather than in the 
local originating exchange equipment. Since trunk 
exchanges carry large volumes of traffic and con 
siderable revenue is earned from these calls, the 
Australian trunk switching exchanges (including the 
Metaconta I0C SPC trunk exchanges) are equipped 
with TRTs and a regular programme is run to test 
all out-going trunk routes from each of these ex 
changes. 

When the need is indicated by a deterioration in 
some other performance indicator the TRTs are 
used 'as required' to generate test calls. For ex 
ample, subscribers' complaints may be indicating 
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a high number of calls encountering no progress 
from one origin to a particular terminal exchange. 
By generating a stream of calls to the terminal, 
with the TRT in the hold and trace mode, it is 
possible to obtain an indication fairly quickly of 
which equipment item (e.q. a particular outgoing 
junction) is causing the trouble. 

The TRTs currently in use cannot simulate with 
any precision the calling behaviour of actual sub 
scribers (e.g. inter-arrival times of calls, dis 
persion of calls, etc.), or of their actual diallin,g 
characteristics as received over the subscribers 
lines (e.g. in terms of distorted dial pulses, short 
and long inter-digital pauses, etc.). So the results 
derived from traffic route testing cannot be ex 
pected to coincide statistically with the quality of 
the service assessed from I ive traffic. 

Although the TRTs may be used to gather large 
quantities of data to yield an indication of the per 
formance of an exchange or of a network there is 
a growing school of thought amon,gst engineers in 
Telecom Australia that when networks are perform 
ing satisfactorily, the routine use of TRTs is un 
necessary, and that they are best reserved for 
helping to locate faults which have first come to 
notice from another reporting source. The incr eas 
ing facilities for automatic monitoring of MFC 
signals on live traffic (see next Section), especially 
in SPC systems, are bound to reduce the overall 
importance of TRTs. 

AUTOMATIC MONITORING OF LIVE TRAFFIC 
It is usual nowadays for common control ex 

changes to be provided with equipment which 
performs GOS monitoring of live traffic, and with 
other equipment which supervises the setting up 
of a sample of live calls. Two particular methods 
used by Telecom Australia include the use of perm 
anent statistical meters, and devices called No 
Progress Call Detectors (NPCD). A third technique, 
called Individual Circuit Monitoring, is under field 
trial. This equipment uses a minicomputer or micro 
processors to supervise, record, analyse and report 
on the busy/ idle state of traffic circuits. More de 
tails are included in my companion paper (Ref. 1), 
and in a previous Section of this paper. 

Permanent Meters 
Traffic meters are permanently connected to leads 

from the supervisory units and they record the 
total number of calls, and the number of calls lost 
due to faults and congestion. The permanent 
traffic meters will show long term trends in the 
performance of the equipment with which they 
are associated. The meters are read at intervals 
of two or four weeks, and the percentage of 
call failures is computed. The trend is compared 
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with the target. Action limits for congestion 
and time outs are used to detect deteriora 
tion of performance which may not have been 
noticed by other means. The permanent meter 
reading results can also be analysed for traffic 
balance between similar items of equipment. 

As a particular example, ARF crossbar exchanges 
have meters associated with each group-selector 
stage marker to record the total number of calls 
offered to the marker and the number of calls meet 
ing congestion. It is therefore a straight forward 
matter to obtain an accurate indication of con 
gestion loss for calls switched by each marker, 
either in the busy hour or over the whole of day. 
Furthermore, it is possible to associate this type of 
metering with each individual final choice [unction 
route in order to obtain an accurate appraisal of 
the GOS of calls which are offered to the final 
choice routes. In this case it is usual to time-switch 
the meters so that they are only turned on for the 
duration of the busy hour; the figures thus obtained 
over a period of a week or mon,th represent the 
average busy hour grade of service for each final 
route. The figures may be compared with the 
theoretical probability of loss estimated from traffic 
measurements on the same final choice routes - 
see earlier Section. 

Of course these measurements do not include 
the effects of congestion at earlier stages of the 
switching process, but this is generally quite small. 

Similarly, ARE-11 SPC exchanges maintain. a 
record in the memory of the Operations and Ma in 
tenance Processor of these types of statistics; the 
data can be interrogated by command via a com 
puter terminal. 

No Progress Call Detector (NPCD) 
A sampling method called the NPCD or RKR 

(Trouble Recording Register) is used at our ARF 
crossbar exchanges to monitor calls from an earlier 
stage of the switching process. The NPCD utilises a 
test register which is inter-connected so that a II 
subscribers in the exchange have access to it. (Note: 
compelled sequence MFC signalling is used on calls 
originated from, or in transit through, crossbar or 
SPC exchanges). The register monitors the progress 
(through the signalling sequence) of all calls set up 
by that particular register. All local and trunk call 
attempts are recorded on separate statistical meters. 
Call failures are classified into categories and each 
failure is recorded on the appropriate meter. It is 
therefore possible to obtain an, indication of the 
GOS being experienced on local calls and trunk 
(STD) calls, and the figures supplement those ob 
tained from other sources, e.g. manual service 
assessment. 

The MFC forward and revertive sign.ailing system 
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perm its registers to keep track of the progress of a 
call through the stages of switching. The sorts of 
conditions which cause blocking or no-progress will 
usually result in MFC call failure, and the status of 
the P-chain in the register at the time of call failure 
indicates the stage reached by the call. Therefore, 
using the NPCD, when a call fails to be established 
satisfactorily, the destin,ation number of the call and 
the stage of switching at which the call has failed 
a-re transmitted via a data network to a centralised 
location (the NPAC). Here the information is dis 
played on a teleprinter, and is also recorded onto 
punched paper tape for subsequent computer 
an,alysis. (Action is nearing completion to have the 
data collated and analysed on-line by mini com 
puter. This will reduce the time taken to detect 
fault patterns and will therefore improve the ser 
vice to subscribers). By these means, fault patterns 
observed on live calls may be utilised to help locate 
network trouble spots with accuracy. Naturally, 
since the n,etwork is designed to have some con 
gestion, it is only warranted to initiate investigatory 
action into causes of congestion when the target 
levels have been exceeded. 

Telecom Australia is about to commence the con 
version of a large number of existing ARF ex 
changes to partial SPC working as ARE- l l ex 
changes, and these will have the equivalent of the 
NPCD facility just described. The IOC trunk ex 
changes also have inbuilt facilities for recording an,d 
reporting MFC call failures. 

The NPCD supervision of the establishment of 
live calls, sampled from the total originating call 
population, and analysed on-line at a central loca 
tion is a powerful tool, and in many respects is 
superior in its effectiveness to other methods such 
as service assessment and subscribers' technical 
assistance requests. 

Nevertheless the NP-CD has limitations. As calls 
are only monitored during the setting up phase, 
failures such as wrong numbers, triple connections, 
cut-offs and transmission problems are not identi 
fied. 

AUTOMATIC MARKER DISTURBANCE RECORDING 

The automatic disturbance recording (ADR) equip 
ment is a supervisory system that is provided in 
many of Telecom Australia's ARF exchanges to col 
lect selected supervisory information from various 
points within the exchange and from dependent 
exchanges in the district. The ADR formats this in 
formation into individual messages for transmission 
in telegraph code to a message concentration centre, 
and distributes the messages to destinations as de 
termined by the information content of each par 
ticular message. 
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In a crossbar exchange, markers are used in the 
setting up of stages of each call and it is possible 
therefore to have the markers forward information 
about calls which do not proceed satisfactorily 
through the setting up phases. In particular, it is 
known for each stage of setting up a call what 
maximum time should be taken by the exchange 
equipment to perform that function. If the function 
is not completed with in the a I lotted time it is 
assumed that there is a malfunction in the equip 
ment being used, and the call is "force released" 
and is therefore said to have "timed-out". Informa 
tion transmitted includes the actual equipment items 
in use and the operated position of the crossbar 
relays. Normally, the information is stored on paper 
tape or magnetic tape at a central location (the 
NPAC) and is analysed by computer at weekly in 
tervals. Detailed reports are distributed to the ex 
changes and summary reports are sent to middle 
man,agement. If the rate of time-outs starts to exceed 
a predetermined level all information is routed to a 
teleprinter at the control centre responsible for the 
maintenance of the exchange, thus permitting more 
immediate attention, to the situation. It is therefore 
an automatically adaptive procedure. 

The marker disturbance information is an in 
valuable aid at common control exchanges to help 
track down i.erns of switching equipment which 
are causin.g calls to fail during the setting up phases. 
Because of the random fashion in which equipment 
is selected for each new call, malfunctions of a few 
our of many items of common switching equip 
ment are not likely to affect individual subscribers 
to a sufficien,t degree to cause complaints. There 
fore, the marker disturbance recording method has 
a particular place in pin-pointing faulty equipment. 

On the other hand, since the marker disturbance 
method is not designed to record details of call 
attempts, the method does n,ot in itself give a GOS 
indication. Furthermore, as no storage facility is 
provided at the exchange, if a new time-out occurs 
whilst information is already being transmitted 
about a previous time-out, then the information 
about the later failure will not be recorded. For 
these reasons, it is usual to examine the trend per 
formance of each marker, and the exchange, over 
a period of time in terms of "recorded time-outs 
per thousand lines per week" rather than to attempt 
to arrive at an actual indication of GOS. 

ARE-1 l exchanges will be provided with the 
equivalent marker disturban,ce recording facility to 
that just described. ARM exchanges use a device 
called Centralograph to provide similar information. 
The IOC trunk exchanges produce many types of 
disturbance reports which are recorded onto paper 
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tape, and are analysed off-line by computer. Studies 
are proceeding which could result in the analysing 
being done on-line by minicomputer. 

SUBSCRIBER'S TECHNICAL ASSISTANCE REPORTS 
From what I have said so far you can see that 

Telecom Australia conducts quite an extensive pro 
gramme of traffic-oriented measurements in order 
to ensure as far as is econ,omically justified that its 
customers are receiving a satisfactory service. Not 
withstanding these efforts, we are still sometimes 
dependent upon complaints or requests for tech 
nical assistance from users to inform us of con 
gestion or of the presence of some equipment mal 
functions. 

As the supplier of a product greatly valued by 
the community we would naturally prefer that our 
users should be dissatisfied to the minimum pos 
sible extent with the services which we provide. 
Complaints and requests for technical assistance 
(TA) give a rapid feedback response indicating the 
instantaneous trend in customer dissatisfaction, but 
even so, this form of feedback does not give an 
absolute indication of all problems customers have 
been. experiencing in using the telephone and telex 
networks. Telecom Australia has set targets for an 
acceptable level of complaints, and has internal 
objectives for the maximum delay in rectifying fault 
situations. For example, the current target for tech 
nical assistance reports relating to equipment at the 
large metropolitan telephone exchanges is that the 
level should not exceed 2.0 reports per hundred 
telephone stations per four week period. (TA cate 
gories include: cut-off, wrong number, n,o progress, 
triple connection (i.e. crossed connection), congestion 
in switching equipment, call no voice, and answer 
no voice.) Separate figure-of-merit indicators are 
used to monitor the degree of user dissatisfaction 
with public telephones. 

Economic studies have not been undertaken by 
our administration to estimate the additional capital 
and operating costs which would be incurred if 
we were to lower the objective to say 1.0 TA re 
quests per hundred telephone stations per four 
week period, but it does seem unlikely that the sum 
of the marginal revenue plus savings in the fault 
recording and investigation areas of our operations 
would offset the marginal costs. With the present 
day emphasis on "equality", a cause for some con 
cern to us is the consideration of whether, in aver 
aging the TA complaints for each exchange as a 
whole in order to arrive at the figure of merit on a 
per hundred stations basis, we are perhaps con 
cealing from our attention some factors which 
might result in groups of subscribers receiving a 
relatively ,ooor grade of service. At first glance one 
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might say that all that is necessary is to check the 
number of complaints made by each individual 
subscriber. There would, however, be many pitfalls 
in analysing the results from this indicator. For 
example, the usage habits of subscribers vary 
enormously so even if there was no bias in ex 
change equipment performance against any particu 
lar group of subscribers, and if the propensity to 
complain was quite uniform among all subscribers, 
then we would still expect an uneven distribution 
of complaints, more or less in proportion to their 
calling rates. 

A special complaints number ("1100") is pub 
lished in the telephone directories so that callers 
are connected immediately to operators who are 
skilled in handling complaints. These operator 
positions are equipped with basic line test facilities, 
and for some types of difficulties the operators can 
connect the complainant directly to the desired 
called party. If exchange equipment or the junction 
network appears to be the cause, the complaint is 
treated as a technical assistance report and is passed 
to the NPAC for analysis. (If, on the other hand, the 
problem is associated with the subscriber's line or 
subscriber's equipment, details are transmitted by 
the operator to a Fault Despatch Centre, and the 
complaint is classified as a subscriber's repair re 
port). With regard to exchange and network faults, 
the NPAC looks for patterns in the complaints, also 
making use of other information (e.g. NPCD output). 
If a pattern is detected (e.g. no progress on all calls 
on a particular group of junction circuits) then the 
appropriate exchange or transmission centre is ad 
vised and action is then taken to locate and cor 
rect the cause of the trouble. 

Surprisingly, it is estimated that less than l % of 
call failures are reported. Nevertheless, the cus 
tomer TA reports, supplemented by reports from 
manual assistance operators, combined with speedy 
centralised analysis at the NPAC reveal serious 
trouble spots more quickly than would generally 
be expected from normal maintenance supervision. 
This reporting process is of special value in the 
trunk network which is vulnerable to interruptions 
because of staff activity on equipment comprising 
the telephone circuits between exchanges. 

The TA complaints are recorded onto punched 
cards or paper tape for computer analysis. Fault 
patterns thus revealed are immediately advised to 
the exchanges affected. At the end of each four 
week period the number of complaints per l 00 
telephone stations for the preceding four weeks is 
computed. This figure of merit indicator is computed 
separately for originating calls and for terminating 
calls for each exchange. The information is used by 
the officers in charge of exchanges, and by middle 
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management, to check performance against the 
targets. 

It is generally found that the level of complaints 
is greater directly after "cut-over" of new exchanges 

_and is also high when large scale exchange instal 
lation activity is occurring at a working exchange. 
At other times it is not difficult to consistently keep 
the performance at about the target level. 

The NPCD monitoring of call failures and the on 
line analysis of this information by minicomputer 
may result in less emphasis being placed on the 
analysis of TA reports in the future. 

Call attempt failure reports from manual assist 
ance operators who handle trunk calls supplement 
the customer complaint information about the trunk 
network. The reports are analysed by the NPAC 
staff and when sufficient information is available 
to indicate a pattern of faults the diagnosis is 
passed on to the appropriate exchange or trans 
mission centre. 

The level of TA reporting is the prime indicator 
of customer dissatisfaction. A weakness, however, 
is that the frequency of complaints in the different 
categories is not an accurate representation of 
faults in the network, since customers have a higher 
propensity to complain about faults for which call 
rebates are credited (e.q wrong number). 

SOME REMARKS ABOUT GOS 
Overload Traffic Situations 

A point can be reached under overload condi 
tions where even a slight further increase in offered 
traffic can cause a very marked deterioration in the 
effective GOS due to the influence of repeated call 
attempts, and because many of the circuit groups 
are probably already heavily loaded. The more 
efficient a system, the more easily does it go into 
overload. This is significant for common control 
(e.g. crossbar and SP'C) systems, as each ineffective 
call attempt occupies the common control equip 
ment for approximately the same time duration as 
an effective call. Under traffic overload conditions 
in an exchange or network, a longer time than 
normal is spent searchirg for a suitable free circuit 
at each stage of the switching process, and the 
average holding time of common, control equipment 
therefore increases, the upper limit extending to 
the pre-set time-out period. A high proportion of 
ineffective calls, followed by repeat attempts, may 
easily result in an increase in congestion in the 
switchin,g stages to an unacceptable level. Special 
cases of this nature occur with "phone-in" quiz 
contests conducted by radio stations. A very large 
number of subscribers make call attempts to the 
same number at the same time. This of course has 
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the unfortunate side effect of causing a general 
congestion for subscribers at many exchanges. 

Internatio,na! Implications of Unsatisfactory GOS 
The GOS performance of each country's network 

is of interest to other administrations since a poor 
quality of service will in.crease their own overhead 
on outgoing international calls. Telecom Australia 
uses service assessment methods (see earlier 
Section) to measure the effective call rate, 
congestion loss, switching loss, metering error 
rate and other aspects of the performance 
of International Subscriber Dialled (ISD) calls, 
and in particular analyses the failure rates 
into each country. All administrations will 
probably agree that it is in our mutual interest 
to have satisfactory quality of service within our 
own country in. order to reduce the proportion of 
call failures on incoming international calls to mini 
mal acceptable levels. In this regard, CCITT Recom 
mendation E54 l (Overall GOS for International 
Connections) notes that at present the only prac 
tical way of ensuring an acceptabfe overall GOS on 
in,ternational calls is to specify an upper limit to the 
design loss probability per connecting link in the 
nation a I network (as is done for I inks in the 
international network in Recommendation E540). 
Consequently, Recommendation E54 l suggests that 
"the links in the national network should be de 
signed for a loss probability not exceeding l per 
cent per link in, the final choice route during its 
applicable busy hour" ... "Although the worst over 
all GOS would be approximated by the sum of the 
loss probabilities in tandem, on most calls the over 
all GOS will be significantly better due to factors 
such as the use of alternative routing, non-coinci 
dence of traffic peaks and the fact that circuits are 
generally provided in advance of the design traffic 
being reached". However, it should be noted that 
Recommendation E541 only relates to congestion 
as a result of traffic flow. A user's assessment of 
service quality is also influenced by the number of 
call attempts which fail due to equipment faults 
(i.e. the switching loss), or wanted subscriber busy, 
etc. or which encounter unsatisfactory transmission 
quality. 

CONCLUSION 
Faced with the ever increasing cost of labour, 

there is a necessity for telecommunication,s engin 
eers to examine from time-to-time the need for 
measurement data in terms of the end use to which 
it is put. In addition, they need to ensure that the 
recording equipment, measurement procedures and 
processing methods are engineered so as to produce 
data to the required degree of accuracy at the 
minimum overall cost, i.e. the total system must be 
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considered rather than the individual aspects in 
isolation. 

It is considered within the Telecom Australia ad 
ministration that the assortment of measurement 
techniques which I have described are adequate 
in most instances to provide all levels of manage 
ment with timely and sufficient information to over 
sight the grade-of-service and switching loss per 
formance of the Australian. telecommunications 
system. Nevertheless, new developments are im 
minent (e.g. daily traffic recording, individu.al cir 
cuit monitoring and automatic service assessment 
at SPC exchanges) which will brin,g welcome im 
provemen,t to the availabiilty and accuracy of some 
of the data items dealt with in this paper. 

B,y varying the resources expended on measure 
ments in an adaptive way, an attempt is being made 
to match the costs of the measurement programme 
to the potential benefits obtainable from applyin,g 
the results of the measurements. It will be noted 
that the adaptive approach to measurement fits in 
well with the controlled corrective maintenance ap 
proach to the maintenan.ce of telecommunications 
equipment. 

This paper has emphasised in a number of places 

that for collecting data about the performance of 
our network the trend is away from generating 
test traffic, and towards the monitoring of live 
traffic by computerised equipment which can assist 
considerably in the necessary processes of measure 
ment, recording, analysis and reporting. 
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ERRATUM 

WIDEBAND CRYSTAL FILTER DESIGN by 0. TENEN 

The paper on this subject, published in volume 27, No 1, 
had some errors in the formulae in Table 1, page 7 5. 

The expressions for C and R L should be replaced by: 

and the expression shown for cN, N-1 should be 

replaced by: 

C 1 
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ANGLE MODULATION: The theory of system assessment. 

J. H. ROBERTS; Peter Peregrinus Ltd. 

IEE TELECOMMUNICATIONS SERIES5 
-----------------RIES 

Angle 
Modulafion 
Thethroryofs¥stemassessment 

JH Roberts 

Towards the end of the last decade, a group centred 
around the late R. G. Medhurst at the Hirst Research 
Centre undertook a systematic examination of outstanding 
problems in the analysis of frequency modulation. Their 
motivation was the then intensive development of analog 
FM terrestrial radio and satellite communication systems 
and their published results combined a high degree of 
analytical competence with a sound appreciation of the 
need for sensible approximations usable by the system 
design engineer. J. H. Roberts, the author of this book, 
made an important contribution to these studies. He has 
now drawn together the threads of this work and more 
recent developments in a survey aimed at the com 
munication systems analyst. 

It is really only possible to comprehensively survey a 
field which has become established and in which re 
search interest has somewhat declined - as in the case 
of analog modulation. Nevertheless, the subject remains 
a daunting one in which the treatment of many im 
portant questions (e.g. the filtering of an FM signal) leads 
to an algebraic morass and in which progress has been 
achieved by manipulative ingenuity. The theory of analog 
modulation is not constructed on broad lines of develop 
ment but is rather a collection of competing techniques 
- each valid in a particular area. The amorphous nature 
of the topic might be described by likening it to a bush 
as distinct from a tree. Moreover fundamental steps often 
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rely on particular algebraic features, for example, the 
important relation between the distribution function of 
the phase and the characteristic function of the modu 
lated signal (eqn (2.17)) relies on an integral property 
of Bessel functions. 

In view of this it may be unreasonable to ask the 
writer to emphasise what basic techniques there are; but 
they could be elucidated in the context of their applica 
tions. In particular, techniques for determining the spec 
trum of the modulation in the presence of noise, inter 
ference, etc., might be treated before analog modula 
tion applications are discussed, leaving the question of 
the distribution of the angle until the digital modulation 
section. The task of the reader is made more difficult 
by occasional awkward writing and the use of different 
symbols for the same quantities (the low-pass corn 
ponents of narrowband noise are denoted by X, Y and I,., 
I,, etc.). More importantly, the author more than once 
misses the valuable opportunity to give the reader a 
physical understanding of what is happening - content 
ing himself instead with making a mathematical point. 

The comments made, the book is a fairly comprehen 
sive treatment of frequency and phase modulation in 
which the first two chapters lose no time in confronting 
the computational difficulties involved. Chapter 3 evalu 
ates the instantaneous frequency of a signal, using the 
technique of counting zeros. Chapters 4 and 5 are more 
system oriented and discuss filtering and distortion due 
to noise or interference; the graphical presentations are 
helpful yet some specific results for large-capacity FDM 
systems would be useful. The effect of amplitude to 
phase conversion could be treated at this stage since 
expression of the resultant waveform in the form exp 
[a(t) + j,G(t)] often enables the converted amplitude and 
phase components of the total distortion to be calculated 
in a similar manner. 

Chapter 6 deals with the probability distribution of the 
instantaneous frequency and the next chapter continues 
with the question of filtering, including the use of pre 
emphasis. In this area one has the powerful but com 
plex Volterra series expansion and the crude but effective 
Monte Carlo technique flanking the useful quasi-stationary 
approximation. The limitations of these methods are dis 
cussed - the main disadvantage of the first two ap 
proaches is the lack of any insight into the effect of a 
parameter variation on the system design. 
The first-order approximation (Ch. 7) is applicable 

where the distortion is small, which will usually be the 
case with working systems. The author then examines 
threshold extension devices and the last quarter of the 
book is devoted specifically to the spectrum and error 
rates for digital modulation. This monograph contains 
much material which will be sought out by the more 
meticulous system designer. 

Reviewed by John MURPHY, Telecom Australia Head 
quarters. 
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Hybrid Transfo·rmers - Part 2 

A.H. FREEMAN, M.I.E. Aust. 

This is the second of two articles designed to inform the reader of the properties of hybrid 
transformers and present simple methods of designing or analysing circuits in which they are used. 
It examines variants of the circuit dealt with in the first article "Hybrid Transformers - Part 1" 
(Vol. 27, No. 3 of this journal) and illustrates the varied application of hybrids in 
telecommunication plant by a number of specific examples. 
An appendix gives further mathematical details useful in the design of circuits using hybrids. 

INTRODUCTION 

Part l of this article dealt in some detail with 
a specific two transformer hybrid circuit. For con 
venience the circuit is repeated here as Fig. 9 
with minor changes. This is the circuit most fre 
quently used in a terminating set, but is only one 
of a very large number of possible circuits using 
one, two or three transformers. The rest of this 
article discusses these other circuits, their rela 
tionships with the circuit of Fig. 9, and applica 
tions of hybrids. 

OTHER CIRCUITS 
Skew Hybrids 

In the circuit of Fig. 9 in the balanced condi 
tion power fed to one port was output from the 
two adjacent ports with equal power in each 
port. Circuits can be designed and are sometimes 
needed in which the power division is unequal 
and these are known as "skew hybrids". This 
can be done by altering the turns ratio so that 
N1 : N'.!. : Nx = l : Va : V 1-a 

Using the same methods as before it can be 
shown that the circuit still has identical require 
ments for balance, but that power is divided un 
equally. The following table gives details for 
power input to each port. 

Input Balance Relative Power at 
Port Condition Port 1 Port 2 Port 3 Port 4 

Z,=Z, 1 a 0 (1-a) 
2 Z,=Za a 1 1-a 0 
3 Z,=Z, 0 1-a 1 a 
4 Z,=Z,, 1-a 0 a l 

skew hybrid. However, the skew hybrid circuit is 
considerably more difficult to analyse and since it 
is only required in a limited number of special 
applications nearly all published data refers to the 
symmetrica I case, and the skew case is treated 
specially when necessary. 

If a skew hybrid is used as a terminating set, 
the loss between 4 wire receive and 2 wire line 
is -(10 log. a)dB, and between 2 wire line and 
4 wire send is -(10 log. (1-a))dB, so that the sum 
of these two losses is -(10 log. a(l-a))dB, which 
is greater than 6dB, so that more gain is needed in 
the 4 wire path than for the symmetrical case. 

The trans hybrid loss with impedance Z'.!. at the 
2 wire line port and Z1 on all other ports is 
-(10 log. (a(l-a))+20 log.((Z1-Z'.!.)/(Z1+Z'.!.))dB. 
Thus the cross hybrid loss is increased by the same 
amount as the 4 wire gain must be increased and 
1he echo and stability conditions are the same. 

4 WIRE 
SEND 

~ 

2WIRE 
LINE --- 

~ 4 WIRE 
RECEIVE 

It can be seen that the turns ratio of Fig. 9 is 
obtained by setting a=0.5 so that Fig. 9 could be 
regarded as a particular case of the more general 

TURNS RATIO NI: N2: N3 •I: ,/o-5: ,/o-i 

Fig. 9 - Basic Hybrid Circuit. 
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Impedance Transformations 

In the circuits of Figs. 9 and 10, each port is 
designed for the same nominal impedance, often 
600 ohms. However, other impedances are some 
times required and since each port is associated 
with a separate winding or windings the turns 
ratios can easily be adjusted to give any desired 
impedance ratios. 

A common requirement arises when the 2 wire 
line is a loaded cable of nominally 1200 ohms im 
pedances while the 4 wire ports are connected to 
600 ohm equipment. This is possible if the turns 
ratio of Fig. 9 is changed to N1 . N~ : Na = l : l : l. 
Obviously, if appropriate allowance is made for 
the impedance transformations, all the character 
istics already quoted apply to this circuit. 

On occasions hybrids have even been built to 
perform also as the input and output transformers 
of the 4 wire amplifier, with impedances at those 
ports designed to feed directly to transistors or 
valves. 

Different Transformer Connections 
All the circuits so far described are variants of 

the one basic pattern. There are other circuits which 
have the same properties, using one, two or three 
transformers. These can all be shown to be identical 
in their transmission characteristics to a circuit of 
the type already discussed. They usually have 
some limitations or some special properties which 
are incidental to their operation as hybrids, but are 
of particular value to the application in which they 
are used. 

One such circuit, which is widely used in im 
pedance measuring bridges is shown in Fig. 10. 
At first sight there is I ittle resemblance between 
this circuit and Fig. 9, but in this case a series of 
simple transformations can show that they are 
almost identical. 

In Fig. 10, ports 1 and 3 share a common ter 
minal so the circuit can only be used if the ex 
ternal circuit conditions allow this. Therefore, the 
circuit of Fig. 9 could be used with two terminals. 
strapped as shown in Fig. 11A. This joins the start 
ends of two identical windings on T2, so that the 
finish ends are also at the same potential and can 
also be joined as shown in Fig. 11B. The two paral 
lel windings can then be replaced by a single wind 
ing as shown in Fig. 1 lC. Finally, by redrawing 
the circuit, as in Fig. 11 D, we get the circuit of 
Fig. 10. 

The properties quoted earlier for the circuit of 
Fig. 9 are unaffected by the connection between 
ports 1 and 3 and therefore these properties all 
apply to Fig. 10. 

This transformation is only possible because the 
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Fig. 11 - Equivalence of Figs. 9 and 10. 

two windings on T2 had equal numbers of turns, 
and the same transformation is not always possible 
for the variants of Fig. 9 having different imped 
ance and power ratios. The reason is that there 
are simply not enough transformer windings which 
can be independently varied to give the flexibility 
of Fig. 9. 

Other hybrid transformer circuits will be referred 
to later for particular applications. In most cases· 
they use a limited number of windings or only 
one transformer. Such circuits are used because 
they are simpler and more economical, and the 
application is such that the loss of flexibility is of 
no significance. There are many thousands of cir 
cuits of this kind, and little point in enumerating 
them all. In the appendix a test is given which 
can decide whether a particular circuit is in fact a 
hybrid. 
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APPLICATIONS 
2 Wire/ 4 Wire Terminating Sets 

This is one of the largest and most important 
applications of hybrid circuits and has already been 
introduced in Part l of this article. Fig. 12 shows 
a connection involving a 4 wire amplified section, 
with 4W /2W terminating sets at each end of the 
4 wire section. The cross hybrid loss must be con 
trolled in order to ensure stability and reduce 
echoes to an acceptable level. This must often be 
done with the 2 wire port being switched to a 
variety of junctions and subscribers lines of differ 
ing impedances. The control of echo and stability 
in these conditions is a complex topic which can 
not be fully treated in a general article of this 
kind. 

The circuit of Fig. 9 is generally used for 2W/4W 
terminating sets, except for a few very old carrier 
systems. It is usual to provide the hybrid as an in 
tegral part of a line relay set, and a plug-in circuit 
board is used. The 4 wire ports may have centre 
taps to provide signalling circuits. Earlier practice 
was to associate them with the carrier equipment 
and this arrangement is still used fairly widely. 

Telephone Induction Coils 
By far the largest number of hybrids are located 

in telephones, disguised under the designation of 
induction coil. The requirement of a telephone in 
duction coil is essentially that of providing a 
2W / 4W termination. Power must be fed from the 
transmitter to line and from line to receiver, but 
power fed from transmitter to receiver should be 
minimised to reduce sidetone. 

However, in a telephone there are other con 
siderations: 

• Costs are important because of the large num 
bers involved. 

• In automatic telephones the transmitter cur 
rent is fed over the line from the exchange. 

• Dialling, ringing and switchwork signals must 
be provided. 

Fig. 13 shows the speecn path circuit of a mag 
neto telephone, and it is obvious that it is similar 
to the hybrid circuit of Fig. 12, except for the 
omission of transformer T2. The effect of this 
omission is that the design impedances of the line, 
network and receive ports cannot be adjusted in 
dependently, and the impedance ratios line : net 
work : receiver are fixed at l : l . 0.5. However, 
the receiver can be wound to any reasonable im 
pedance, and the network can also be designed 
to suit this condition, so a single, three winding 
transformer is adequate in this case. The micro 
phone winding is designed to match the low im 
pedance of a magnetic transmitter insert. 

Fig. 12 - Terminating Sets. 

L2--+---' 

Fig. 13 - Speech Circuit Telephone MT400. 

TRANSMITTER 
LINE AND 

AMP LIFER 

Fig. 14 - Speech Circuit Te!ephone 804. 
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Fig. 14 shows the speech path circuits of long 
line 804 type telephones. It is similar to Fig. 13 
except that the position of the receiver and trans 
mitter are interchanged. This is done to allow the 
transmitter to be powered from the line current. 
In this telephone the transmitter is a combination 
of a receiver insert and a transistor amplifier and 
is designed so that its output impedance is the 
appropriate value for this circuit (approximately 
half the line impedance). 
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Fig. 15 - Speech Circuit Telephone 801. 
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Fig. 16 - Impedance Bridge for Balanced Circuits. 
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Fig. 17 - Impedance Bridge for Unbalanced 
Circuits. 
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Fig. 18 - Measuring Power Flow and Return Loss. 
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Fig. 15 shows the speech path circuits of the 
800 series telephone, with the regulating varistors 
omitted. The induction coil is again a three winding 
transformer and its operation as a hybrid is dis 
cussed in the appendix. This type of circuit was 
first used in Australia in the 400 series telephone. 
The receiver of this telephone was considerably 
more sensitive than earlier types but the trans 
mitter was almost the same. Therefore, a skew 
hybrid was used which gave about 1.9 dB extra 
transmitting gain at the expense of losing about 
3.4 dB of the increased receiver efficiency. Being 
only a single three winding transformer, it is not 
possible to adjust all impedances and the design 
was selected to give the desired power ratios, 
and match the transmitter to the line. The receiver 
and network were then designed to match the 
impedance conditions imposed by the three wind 
ing transformer. 

Measurements 
Hybrids are extensively used as impedance 

measuring bridges, particularly at audio and carrier 
frequencies. The most widely used circuits are 
shown in Figs. 16 and 17, Fig. 16 being used for 
balanced circuits and Fig. 17 for unbalanced, i.e. 
grounded circuits. They are used like any other 
bridge, with the balance arm being adjusted for 
minimum signal in the receiver. At balance the im 
pedance being measured is equal to that of the 
balance arm. For this application carefully designed 
and accurately constructed transformers are needed 
and special arrangements for screening are usually 
included. It is also possible to use this circuit to 
measure return loss. In this case the balance arm 
is set to a specified value such as 600 ohms and 
the received signal level is measured. 

A similar application is monitoring power flow 
and impedance on a transmission line carrying 
high frequency power. In this case a highly skewed 
hybrid is inserted in series with the transmission 
line as shown in Fig. 18. Terminations Z1,, and Zu, 
equal to the transmission line characteristic imped 
ance terminate ports 3 and 4. For the purpose of 
this example it is assumed that of the power ap 
plied at port l 99% is transmitted to port 2 and 
l % to port 3, giving losses of .04 dB and 20 dB 
respectively. 

The power in Z1,, is therefore 20 dB less than 
that in the line and a meter may be used here to 
monitor the power level. In addition, if the input 
impedance of the line at port 2 is different from 
Z,,, some of the input power will be transferred to 
z., 

The power measured in Z1: can be interpreted 
as a measure of the power reflected back along 
the I ine from the load, the return loss or the stand- 
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ing wave ratio. Meters of this kind are often called 
SWR meters or directional couplers and are widely 
used in radio transmitters. At low frequencies 
they may be constructed using transformers with 
toroidol cores, but at VHF and UHF frequencies 
it is more common to assemble them from length 
of coaxial cable or wave guide components. How 
ever, regardless of the constructional details the 
principle is the same. 

Splitting and Combining Circuits 
Hybrids are often used in transmission circuits 

to minimise interaction between different transmis 
sion paths when they are branded or combined. 
A typical application is when several filters are 
used to separate different frequency bonds and 
the principle is illustrated in Fig. 19. In this case an 
amplifier feeds a high pass and a low pass filter, 
with a hybrid used to isolate them. If the balance 
network impedance exactly matches that of the 
amplifier each filter behaves as if it were fed from 
a separate amplifier of half the power and the 
same impedance as the actual amplifier. Thus each 
filter can be designed independently, which simp 
lifies the design and often allows better perform 
ance. Where a bank of bandpass filters is required, 
as in channel modems, it is usual to use a hybrid 
and to connect odd channels to one side and even 
channels to the other. This gives sufficient separa 
tion between the pass bands of the filters on one 
side to reduce the interaction almost to zero. A 
single 3 winding transformer similar to Fig. 17 is 
usually used. 

Fig. 20 shows two amplifiers connected to a 
common load via a hybrid. Again, if the two im 
pedances at ports 2 and 4 are equal, the amplifiers 
do not interact. If the two amplifiers are deliver 
ing outputs of identical wave form and phase, all 
the output will be delivered to one of the loads. 

Fig. 19 - Hybrid Used to Isolate Filters. 

NO. I 
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NETWORK 

N0.2 

r--------HPF 
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LOAD 

Fig. 20 - Hybrid Used lo Combine Amplifier 
Output. 

This kind of circuit is used in sound and television 
broadcasting transmitters, and again, in the case of 
VHF transmitters coaxial cable circuits are used 
which are electrically identical to a hybrid. 

CONCLUSION 
In this second part of a two-part article, some of 

the variations to the basic hybrid circuit used to 
meet specific requirements have been explained. 
Hybrids are used as circuit elements in a variety 
of applications where one or more of their proper 
ties are exploited; a selection of such applications 
has been described. 

APPENDIX 
PROOFS AND DESIGN HINTS 
Common Properties of Hybrids 

Design and analysis of circuits including hybrids is 
greatly helped by the fact that all hybrids constructed 
from transformers are members of a single family. Un 
fortunately, the only proofs of this either rely on network 
theorems with which few of the readers of this article 
would be familiar, or are very tedious and difficult to 
follow. For this reason, no proof will be given here. 

Recognising a Hybrid 
To confirm that a particular circuit is a hybrid, two 

tests must be satisfied. The first is that under some con 
dition there is no power transfer between two of the 
ports. The easiest way to do so is to use one of the 
arrangements shown in Fig. 21. In each of these, two of 
the ports are terminated in resistors and an oscillator 
is connected to a third. In the first case, the fourth 

9/C. NO 
CURRENT 
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Fig. 21 - Two Tests to Prove a Four Port is a 
Hybrid. 
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port is open circuit and the test is that for a particular 
pair of resistance values there will be no voltage at the 
open port. 

In the second case, the fourth port is short circuited 
and the test is that no current will flow for a specified 
pair of resistance values. In nearly all cases, if one of 
these tests is satisfied the circuit is a hybrid. However, 
to eliminate some unusual cases, it is also necessary to 
prove that power can be transferred between the same 
two ports with a different set of terminations. A com 
bination of open and short circuit conditions is usually 
the easiest 

As an illustration, take the circuit of Fig. 15 which is 
the basis of the 801 series telephone. Fig. 22 shows the 
transformer used in this telephone with resistors terminat 
ing the line and network terminals, the receiver terminals 
open circuit, and an oscillator applied to the transmitter 
terminals. Voltages and currents at various points are 
shown on the diagram. 

We want to show that for some values of RL and R, 
the voltage V" is zero. Clearly, if this is so, then 
VL>VT>V,, and this will occur for some combination in 
which Rr.<R,. This shows that the circuit satisfies the 
first test. The second test is almost a formality, since the 
network terminals short circuited and the line terminals 
open the circuit is a simple two winding transformer. 
In the actual 801 telephone circuit the receiver is con 
nected to a point near the bottom of the balance network. 
This is done to allow a 1.5µF capacitator which is part 
of the balance network to be used also as a spark 
quench, and to block DC from the receiver. It has only 
a small effect on side tone. 
The preceding discussion has been non-mathematical, 

but is easily extended to give numerical values for the 
impedance and power ratios of the circuit. 

Firstly, since the ampere turns in windings 1 and 2 
of the transformer must balance: 

900 IL = 540 IN 

:. IL= ~IN 

8 8 Also IT= IL+ IN= -IN+-IL 
5 3 

Secondly, if VR = 0, the voltage ratios of the transformer give: 
VN - VT - VL 
315 - 855 - 1755 

i.e. 

Now 
RL = VL. IT_ 39. 8 _ 5.47 
RT VT IL 19 3 

:. RL = 5.47 RT 
Also 

RN= VN·~= 19·~=4.34 
RT VT IN 7 5 

:. RN= 4.34 RT 
Again the power ratios 

PL_ VL_ IL= 39. 3_ ·77- 1·1 dB 
PT VT h 19 8 

and 

PN = VN · ~= }__. ~= ·23= 6·4dB 
PT VT IT 19 8 

As they should, these add to unity. 
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Fig. 22 - Test of Hybrid Circuit of 801 Telephone. 

Fig. '23 - Currents and Voltages in a Hybrid. 

These results give all the impedance and power ratios 
of the circuit, except for the impedance associated with 
the receiver port. This is the input impedance of this 
port in the condition shown. To calculate this it is useful 
to recognise that since there is no coupling between the 
transmitter and receiver ports, this impedance is un 
affected if the transmitter port is short circuited. This 
gives a simpler circuit, and standard calculations give 
Rn = 0.536 RT. 

Circuit Calculations 
To calculate the currents, voltages and impedances in 

a circuit with a hybrid, particularly in the unbalanced 
state, is difficult. It is usually best to use one or more 
of the equivalents shown in Part 1. For those who are 
interested, the method of deriving them is described here. 

As a network element, a hybrid has four ports, with 
four voltages and currents associated with them, as 
shown in Fig. 25. The effect of the hybrid is represented 
by four equations, representing the conditions the ex 
ternal currents and voltages are forced to satisfy by the 
two transformers. These equations are: 

V,+ y~V2 + y~V.= 0 
- y~V2 + Va+ y~V4= 0 

v~ I, - 12 + v:S la = 0 
v1~1, -v~1a - 1,= o 
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In addition, the external circuits connected to the four 
ports establish other relationships between the currents 
and voltages, providing one additional equation per port. 
These eight equations are sufficient to specify all cur 
rents and voltages in the circuit. However, this pro 
cedure is of little practical value without the assistance 
of a digital computer and meticulous accuracy in en 
suring that all signs are correct. 

It is usually far easier to use one of the equivalent 
circuits shown in Part 1 of this article. These can be 
derived by the use of a more general equivalent shown 
in Fig. 24. This circuit containing a hybrid, two positive 
impedances and two negative impedances is electrically 
identical to the hybrid alone. A proof is given in Ref. 2. 
This equivalence can be used by setting the negative 
impedance equal to the external impedance of a port, 
allowing that port to be deleted from the circuit. 

To illustrate this, consider the problem of determining 
the input impedance of port 1 in Fig. 25A. Adding im 
pedances equal to + Z, to ports 1 and 3, and -Z, to 
ports 2 and 4 does not affect the external conditions, 
and this gives Fig. 25B. This gives a total impedance in 
port 2 of zero and the corresponding transformer, having 
one winding shorted, can be deleted from the circuit, 
giving Fig. 25C. The input impedance of port 1 is now 
that of Z, in series with a transformer; this becomes the 
network of impedances shown in Fig. 25D. This equiva 
lence was quoted without proof in Part 1. The other 
equivalents shown there, and many similar ones, can 
easily be derived in this way. Each such equivalence 
gives only one or two properties of the hybrid, but their 
ease of use is of considerable advantage, particularly 
where only a few of the properties of the circuit are of 
interest in a particular case. 

REFERENCES 
2. Freeman, A.H. : "Hybrid Coil Amplifiers", Australian 

Telecommunications Research, Vol. 3, No. 2, November 
1969. 

3. Friedham, H.O. : "On Hybrid Transformers", A.T.E. Journal, 
1958, 14, 218-228. 

4. "Operation and Application of Hybrid Junctions", Lenkurt 
Demodulator, 1953, Vol. 2, No. 9. 

Fig. 24 - An Equivalent Circuit. 
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Fig. 25 - An Application of Equivalence of Fig. 24. 
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Manufacture and Test of ARE-11 Equipment 

C. O'REILLY, Dip. E.E. and B. J. McMAHON, B.E. 

Previous articles have introduced the ARE system and described a new installation at 
Elsternwick, Victoria, and the conversion of a working ARF exchange to ARE at Salisbury, South 
Australia. 

This article explains the production and installation testing procedures used to preserve the ARE 
system's capacity to operate to the standard of reliability for which it is designed. 

INTRODUCTION 
Previous articles in this series have provided 

an introduction to the system (Ref, 1) a review 
of the equipment and project activities for the 
new exchange at Elsternwick, Victoria (Ref. 2) 
and a summary of the experience in cutover of a 
working ARF exchange to ARE 11 at Salisbury, 
SA (Ref. 3). 

In this paper, the authors will concentrate on 
two closely related aspects of the system; the 
reliability criteria and how these are met in 
production, and the system characteristics 
which have been developed to ensure an 
efficient procedure for production testing and 
for installation and commissioning of the ARE- 
11 exchanges. 

RELIABILITY 
The reliability of a Stored Program Controlled 

(SPC) system such as ARE-11 depends on a 
number of factors including the control system 
architecture, the diagnostic and switchover 
mechanisms of the central devices, and the 
purity of the software. All of these factors have 
been well considered in the ARE-11 system and 
are treated in some detail in other articles (Ref. 
4, 5). Fundamental to the system reliability 
there remains the correct choice of components 
in printed board and shelf assemblies and 
control during the manufacturing processes so 
that the delivered hardware will fulfil the long 
term reliability criteria on which the system 
performance relies. 

In the design of the electronic equipment for 
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ARE-11, the starting point for the detailed 
design work has been an approved range of 
component types. This range has been 
established after extensive testing, and includes 
large scale integrated (LSI) circuits, 
semiconductor memories of both random 
access (RAM) and read-only (PROM) types, and 
ferrite memories for the central stores. 

The equipment practice uses the component 
boards of L. M. Ericsson's type ROE which are 
pluggable in the BCH 300 shelves, which are in 
turn plugged into jacks in the side of the 
electronic racks of type BDH. The hardware 
design is then based on a stringent set of rules 
related to this equipment practice, 
incorporating a number of standards which 
have been developed as a result of 
manufacturing experience. Among these may 
be noted the range of standards applying to the 
printed board layout design which are aimed at 
ensuring an economical and reliable design for 
manufacture and field use. 

An indication of the effect of the compliance 
with these design rules can be seen in the 
behaviour of the system under extreme 
environmental stress. During the system 
evaluation by Telecom Australia, the ARE-11 
model exchange in Melbourne was subjected to 
an ambient temperature of 35°C for a period of 
4 hours after the temperature build-up. The 
control equipment continued to function 
without failure. In this context another 
noteworthy result was the measured 
temperature increase within the shelves. This 
was in all cases less than half of the worst-case 
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allowed values, which in turn are usually a 
restriction of the working temperature range of 
the components as compared to the range 
allowed for by the component manufacturers. 

In the following chapters it will be shown 
how the production process includes a series of 
check procedures all aimed at delivery of a 
product in which these fundamental design 
requirements are fulfilled for the long term of 
service that the equipment is to provide. 

MANUFACTURE OF ARE-11 IN 
AUSTRALIA 

Production 
The introduction of ARE-11 into production 

in Australia meant that the production articles 
became much more complex. This meant that 
many existing manufacturing policies had to be 
studied and changed as well as the purchase of 
expensive new equipment. Previous to ARE-11 
some printed board assemblies (PBAs) had 
been produced of the type ROA for crossbar 
exchanges. Over the recent years a number of 
PBAs type ROE for traffic signalling systems 
and tariff control systems have also been 
produced. Generally, the production system 
used with the ARE-11 production can be 
illustrated in Fig. 1. 

Component Testing 
With the introduction of more complex 

articles it became essential that all faults were 
eliminated at an early stage of manufacture. 
This meant that the traditional incoming 
inspection via sampling needed review and in 
some cases 1 00% inspection has been 
introduced. In addition, to achieve the required 
reliability of the overall system certain 
environmental stresses have to be applied to 
components. This is the case for ICs where MIL 
STD 883 is followed. A summary is given in this 
military standard, Fig. 2. All acceptable 
components pass into store where stringent 
storage and handling procedures are followed. 

Manufacture of PBAs, Shelves, Racks and 
Cables 

Most of the assembly work on all articles is 
performed manually. On shelves and cables the 
direct wiring principle is used, where the wire is 
located and terminated in the one operation. 
Assembly of PBAs is performed with utmost 
care as the· simplest error can be extremely 
expensive to locate at a later stage. Soldering of 
racks and shelves is also a manual operation. 
PBAs are soldered in a wave soldering machine 
where output and quality are improved. After all 
soldering operations, 1 00% visual inspection is 
performed to achieve the desired quality levels. 
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Testing of PBAs, Shelves, Racks and Cables 
Not all production processes are fault free 

and therefore 100% final testing is performed 
on all products. 

Racks, shelves and cables are tested on an 
automatic-tester. The tester is an electro 
mechanical device controlled by coded punched 
tape that tests continuity and leakage of all 

Fig. 1 - Outline of Production System for ARE-11. 
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circuits. During testing, faults are noted on a 
printer for analysis. All faults are repaired and 
all devices are retested. 

Printed board 'assemblies range in circuit 
type and complexity from simple attenuation 
pads to digital processing units. Basically, they 
can be divided into 2 categories, Digital and 
Analog. 
Digital Boards 

Digital boards usually require large amounts 
of test data which must be executed at a fast 
rate. To achieve this LM E have designed their 
own computer-controlled test equipment, LPA 
101. The functions of this tester are to: 

• Check the test object against its truth table 
• Check any static or dynamic measurement 

critical in the design 
• Communicate with the tester via a test 

screen or a printer. 
The LPA is a modular design with a 

processor controlling a number of test stations. 
The processor consists of a mini-computer 
PDP11, a teletype, a cartridge tape recorder 
and a disc memory. A system program, loaded 
from the cartridge recorder controls the 
computer during the read-in, editing translation, 
storage and executing of the test programs. 

INCOMING INSPECTION - INTEGRATED CIRCUITS. 

QUANTITY CHECK 

SAMPLE 100% 
I 

CHECK OF MECHANICAL 
DIMENSIONS 

1, 'I 

MECHANICAL TEST 
THERMAL SHOCK OF TERMINALS 

• ~ 

MARKING RELIABILITY HEAT STORING 

• I SOLDERABILITY TEST I FINE LEAK TEST 

SAMPLE 

I GROSS LEAK TEST I 
ELECTRICAL TEST I 

Fig. 2 - Summary of MIL-Standard for IC-Testing in ARE-11 Production. 
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The test programs are written in a high level 
language, similar to Fortan but application 
oriented. Several programs can be stored 
simultaneously in the memory and they can be 
edited or executed from one or two test sta 
tions. 

Testing is performed by placing the PBA in 
the test fixture and pressing a start button. The 
test result is displayed on an alphanumerical 
display. Faults on boards can be isolated by the 
assistance of a fault tracing probe. The probe 
can be either operator guided to locate the fault 
or the operator can be directed by system 
software. 

Analog Boards 
Analog boards can be tested in a similar way 

to digital boards with computer controlled 
equipment. In this case a number of signal 
generators and sensing instruments are 
controlled by a processor. Fault localisation is 
more difficult with analog boards. To assist the 
tester a number of test points are incorporated 
in the design of the board. Thus the test 
equipment can nominate that the fault is in a 
small functional unit. 
Equipped She/r,s 

After the boards and shelves have been 
tested they are integrated together to form a 
complete functional unit. These units are tested 
before delivery. The testing on distributed 
devices such as STU-L, KM K, KMT, is 
performed in an ARE-11 exchange with a 
simulated switching environment. Special test 
programs are stored within the CPU and when 
executed simulate exchange traffic on the unit 
under test. Faults within each unit are isolated 
to boards or shelf level. The faulty board or shelf 
is returned to PBA or shelf test for retesting to 
locate the fault. 

The advantage of testing the units by this 
method is that the shelf is tested with test data, 
patterns and test speeds simulating the 
environment in normal operation. 

Central devices such as CPU, Program Store 
(PRS), Data Stores (DAS) and Central Stores 
are tested by means of special diagnostic test 
programs run in the ARE-11 processors. This is 
done because it is virtually impossible to 
exercise every branch in every program 
normally resident in Traffic Control Processor 
(TCP) or Operations and Maintenance Processor 
(OMP). The correctness of each program in PRS 
is established in the diagnostic routines by 
calculating a so-called check sum whereby all 
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instruction words are added together and the 
check sum value is printed out for each 
program. 

In addition to the diagnostic tests, the 
normal operating system consisting of Monitor 
and Data Refresh programs is run and checked 
to respond normally to various conditions such 
as power failure. 

INSTALLATION TESTING 
Hardware Testing 

The delivery of electronic equipment from 
the factory follows the testing as described 
above of each fully-equipped shelf in a master 
test environment. An important aspect of the 
development of the ARE-11 system is the 
provision of more automated testing at the 
installation site. For testing of the installed 
hardware, the method is very similar to that 
used in production testing, the main difference 
is that an access switch (ACS) is used in the 
production test plant, and access to the device 
under test is achieved in installation testing by 
moving the gaffel-tag plug from one position to 
the next. 

In addition a remote control unit (RCU) is 
used by the operator in installation testing to 
communicate with OMP from the racks where 
the shelves under test are located. 

To start a series of tests on hardware units 
the operator issues an appropriate command 
from an 1/0 device; the green lamp on RCU will 
then be lit to indicate that OMP is ready to start 
the test. The operator gives one pulse on the 
RCU-button to begin the test sequence; when 
OM P completes a fault free test run on a device, 
the green lamp is again lit while OM P waits for 
an order from the operator. Normally the 
operator will move the test connections to the 
position for the next device and give two pulses 
on the RCU to cause the OMP to test the next 
device. 

When a test finds a faulty device, a fault; 
printout is received, and the red lamp on the 
RCU will be lit, and the operator has two op 
tions. The test can be repeated by pressing the 
RCU-button once, or the next device can be 
tested after moving the connections and giving 
two pulses from RCU. 

It is not necessary to exhaustively test all 
electronic shelves in an installation in this way, 
since the fault risk for some shelf types is low, 
and they will be tested during subsequent ac 
tivities in the commissioning of the exchange. 
At present. it is intended that this hardware 
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testing at site be performed on all device types 
except Multiplexer (MUX), though Digit 
Controller Identifier (IDS) and TCP-PBX Test 
Interface (PBXE) are not tested in isolation but 
together with Digit Controller (DCI) and PBX 
Line Test and Connect Relay Sets (PBXR/PBX 
C) respectively. Further exceptions may be ad 
ded as experience is gathered from the installa 
tion activities. 

This hardware testing requires the basic 
functions of both OM P and TCP, and some ad 
ditional programs in OM P which are used both 
for production and installation testing. Further, 
a standard set of Translation Store (TRS) data 
has been developed which with minor adap 
tions, can be used at all installation sites so that 
this testing can be performed independent of 
the data preparation for a particular exchange. 

AET DATA; ROUTE TEST DATA - 
A-NO, 

B-NO 

AET\ Pre-Settings 

Expected 
SR Ready .Connection: 

Link 
jo Route Test Data 

+ - ,. 

w 

C R 

I 
I 
I 
I 
I 
I 
I 
I 
I 

w 

C R 

I TEST DATA 

TEST ARRANGEMENT 1 

Fig. 3 - Trunking Diagram for Exchange Data Testing 
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Fig. 4 - Direct Wiring of a BCH 300 Backplane. The unit being wired is a single-height shelf and 
the operator is guiding the wire to a terminating tag using a special wire-feeding tool. 

Data Testing 
When the hardware units and the general 

function of the equipment have been tested by 
the hardware tests outlined, the installation 
testing can move on to the data testing ac 
tivities. The environment is now to use the real 
network with tested hardware in the exchange 
against the full complement of normal software 
in both programs and data. In addition, a data 
testing program and some additional test data 
derived from the same exchange base informa 
tion, but prepared separately, are used in this 
testing. 

The trunking diagram of Fig. 3 represents 
the test set-up used in this data testing. Testing 
is performed from the Automatic Exchange 
Tester, controlled by OM P, which is connected 
to the IGV inlets. 

A test call is initiated by command and 
started through the AET. Program Data Test 
(DAT) compares GV routing data against the 
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special test data mentioned above. If a match is 
obtained, the test call is initiated via the AET 
and one outlet in the route alternative under 
test. 

If the test call is completed satisfactorily it is 
repeated to check that the call can be made on 
outlets of each route alternative in the route 
pattern. This is then repeated for each route 
pattern and when OMP finds any failure of a 
test call, all relevant details are printed out. 
With this method, a comprehensive and real 
check can be made of the data prepared for the 
exchange in the real network in which it is to 
operate. 
Grading Check 

An extension of the method of exchange 
data testing, involving the addition of a Grading 
Check Program (GRC), can be used to test the 
physical connections in the IDF between GV 
and the FURs, and also between switching 
stages. 
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The method also exploits the capability in 
ARE-11 of individual selection of an FUR, and 
consists of establishing a series of calls from 
AET to each outlet on one route. The calls are 
terminated in the AET and in this way checked 
that they pick up the correct wires and connec 
tions through the grading. The wires within the 
one outlet are checked for correct paling. 

OMP OPERATING SYSTEM (OMPOS) AND 
MAINTENANCE FACILITIES 

After the testing and acceptance of the 
Telecom model exchange, the need for more 
extensive operation and maintenance facilities 
was seen by both Telecom and L. M. Ericsson. 
Some special solutions were studied, but it was 
decided in mid-1976 that an improved 
operating system for OM P, together with an ex 
panded program and data store for OM P, 
should be adopted as the basis for the ARE-11 
exchanges in Australia. These and associated 
hardware enhancements to the CPU and some 
interface devices ensure that the ARE-11 
system now being introduced in Australia con 
forms to the standard LME system. They also 
give the capability of providing specific Telecom 
facilities now, and additional maintenance 
facilities developed by LM E or specified by 
Telecom at a later stage. 

Among the functions which will be provided 
in addition to those available at Elsternwick and 
Salisbury are the following: 
• Interface and Transmission of alarm and 
test data to, Automatic Disturbance 
Recording (ADR) network. 

• Marker supervision including Marker 
Disturbance Recording. 

• Improved hardware routine test facilities. 
• Remotely controlled Exchange Tester. 
• External communication between proces- 

sor groups. 
Future developments associated with the new 
OM P operating system will allow the introduc 
tion of facilities such as: 
• Interworking with centralised maintenance 

systems. 
• Electronic Charging. 

Fig. 5 - General View of the ARE-11 Delivery 
Testing Equipment at the Broadmeadows Plant of L 
M Ericsson. The test positions for the testing of 
equipped shelves are at a height suitable for easy ac 
cess and handling during the test. 

CONCLUSION 
The quality control and testing procedures 

outlined here provide a sound starting point for 
the operation and maintenance of ARE ex 
changes, which will be the subject of a further 
article. 
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The Papua New Guinea Telecommunications 
Network 

F.A. COATES. M.I.E. Aust. 

The brief but remarkable history of the development of the telecommunications network of Papua 
New Guinea spans. in just two decades, the transition from H. F. shout-down trunks and manual 
switchboards, to virtually complete automation, ISD and Stored Program Control switching equip 
ment. 

The web of telecommunications is a vital factor in the coalescence of an emerging new nation. 

Telecom men, (many of them Australians) with the determination to get things done often at great 
personal risk, have aided in the spread of telecommunications across the ruggedly beautiful face of 
Papua New Guinea. 

A CAPSULE HISTORY OF PAPUA NEW 
GUINEA 

The mainland of what is now Papua New 
Guinea was probably first sighted by Por 
tuguese and Spanish navigators en route to the 
East Indies in the early part of the sixteenth 
Century. Following his chance discovery around 
1526, Don Jorge de Meneses is thought to 
have named the island Papua after the local 
name describing the inhabitants' appearance. 
Another early traveller fancied he could see a 
resemblence between these people of the 
South-west Pacific and the inhabitants of the 
African Guinea Coast and adopted the term 
"New Guinea". 

Europe's need for coconut oil, a natural product 
in Papua New Guinea, provided the stimulus 
which ultimately ended the country's isolation. 
In 1884 Germany and Great Britain claimed the 
island's northern and southern segments 
respectively. At the outbreak of World War I 
Australian troops occupied German New 
Guinea and it remained under military ad 
ministration until 1921 when the League of Na 
tions conveyed a mandate upon His Britannic 
Majesty for and on behalf of Australia. British 
New Guinea, as Papua was then called, was 
placed under Australian Authority in 1905. Fol 
lowing the disruption to civil rule caused by 
combat action of World War II, the United Na- 
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tions General Assembly approved a Trusteeship 
Agreement which established New Guinea as a 
Trust Territory and in 1949 the territory of 
Papua and New Guinea became a single 
Australian administrative unit. 
Formal self government, on December 1 st 
1973 transferred responsibility over all internal 
matters to the Papua New Guinea House of As 
sembly. Independence followed a short time 
later when on September 16th, 1975, Papua 
New Guinea became a fully independent State 
within the British Commonwealth of Nations. 
English is one of the three official languages 
and is widely used in this country of over 700 
different language groups. The other official 
languages are Melanesian Pidgin and Hiri Motu. 
Papua New Guinea's main export is copper 
from the world's largest open-cut copper mine 
on Bougainville Island. Other major exports are 
gold, coffee. copra. cocoa. coconut oil. timber 
and rubber. 

THE TELECOMMUNICATIONS 
ADMINISTRATION 
Early History 
The first telephone exchange in Papua New 
Guinea was installed in 1910 for the benefit of 
30 subscribers in the Port Moresby area. Long 
distance communications commenced in 
Rabaul during 1912 when the German ad- 
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ministration established a morse radio station 
to communicate with her warships in the South 
Pacific. In the following year the Royal 
Australian Navy established a morse station at 
Port Moresby. This was followed by stations in 
the eastern islands of Samarai and Woodlark. 
The telephone service also had an early beginn 
ing on New Britain Island with a service 
between Rabaul and Kokopo (about 25 kms) 
before World War I. It was later taken over by 
the Australian Government at which time it at 
tracted an ordinance proclaiming that all calls 
would be free. By one of those curious 
anomalies that seem to so often haunt 
bureaucracies, this was not rescinded until 
1951. 

In a post-war reorganization the administration 
of the country's telecommunications was 
placed under the control of Amalgamated 
Wireless (Australia), a private company 
operating what became known as the Islands 
Radio Service. This arrangement persisted from 
1922 until shortly after the outbreak of war in 
the Pacific. 

As with many aspects of human activity, the 
Second World War stimulated the development 
of the country's telecommunications. Manual 
telephone exchanges were established by the 
Australian and United States armies in Lae, 
Finschhafen, Port Moresby, Madang, Wewak, 
Kieta and the northernmost island group of 
Manus. With the exception of Port Moresby and 
another at Samarai, all closed following the 
Japanese occupation of most of the country. 
Post-War Period 
With the peace came the necessary reconstruc 
tion of the country's services and industries. 
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This was greatly hampered by inadequate 
cross-country communications. The remnants 
of the army system were handed over to the 
Australian administration but were in a poor 
state of repair. 
Papua New Guinea's external communications 
including ship-to-shore, were the responsibility 
of the Overseas Telecommunications Commis 
sion (Australia) from 1946 until 1973. 
Up until 1952 there was a strong but unsuccess-, 
ful move to have the services of posts and 
communications controlled by the Australian 
Post Office since it was considered that the Ad 
ministration lacked the necessary finance, per 
sonnel and materials to promote an efficient 
service. 
With this daunting prospect the A.P.O. 
Divisional Engineer, Parkes, N.S.W., was ap 
pointed as the first Director of the Department 
of Posts and Telegraphs (P&T) in October, 
1954. W. F. (Bill) Carter, 0.B.E., arrived in the 
Territory of Papua and New Guinea shortly after 
his 30th birthday and was to guide the depart 
ment through it's first 21 years of existence. His 
initial budget of about $800,000 for both 
operational and capital requirements was to be 
used to improve the efficiency of the postal and 
telecommunications facilities of the Country. 
On the telecommunications side this consisted 
of 1 5 telephone exchanges, about 2400 sub 
scribers and a combined P&T staff strength of 
152 Europeans and 364 Papua New Guineans. 
The Emergent Nation 
From these humble beginnings P&T has suc 
cessfully progressed throughout a period of 
burgeoning demand, internationally negotiated 
capital investment and now operates on a com- 
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mercial accounting basis, repaying dividends on 
the Government equity in the business. 
On 10th December 1975 the responsibilities 
and functions of the Department of Posts and 
Telegraphs were incorporated in the Postal and 
Telecommunications Services of the newly 
formed Department of Public Utilities. 
At the end of the financial year 1975/76 P&T 
held Telecommunications assets of the order of 
K40,000,000 ($A40, 100,000) and showed a 
profit on this side of the business of over 
K4,676,000 (Fig. 1 ). 
From the inception of P & T the Department has 
pursued a vigorous localization policy in spite of 
considerable training difficulties associated with 
a rapidly changing technology. Of the 1028 
people employed in the telecommunications 
field at June 1976, over 70% were PNG 
nationals. The P&T senior administration has 
nearly 80% of its positions filled by nationals, 
one of whom is Mr Carter's successor, Mr Israel 
Edoni, Secretary of the Department of Public 
Utilities. 
Unfortunately, the PNG educational system is 
unable to cope with the demand for profes- 

20r Millions. (Kina.) 
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Telecommunications. 
17-4 0 Revenue . 

15 ~ • Expenses. 14-5 
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o------ 
FINANClAL YEAR 70-71 71·72 72-7373-7474-7575-76 

Fig. 1 - P & T's Telecommunications Business 
shows Healthy Profit. 
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sional and semi-professional manpower re 
quired by the telecommunications industry. 
Engineering graduates from the Papua New 
Guinea University of Technology are hotly pur 
sued by both Public and Private sectors alike. It 
is not surprising therefore that the greater 
proportion of the expatriate staff in P&T are 
engineers and senior technical officers. Without 
drastic changes in the present tertiary 
educational policies this situation is unlikely to 
change for many years. 
In December 1973 Papua New Guinea as 

sumed responsibility for International Telecom 
munications and the Coastal Radio services by 

Fig, 2 - Rabaul SxS Exchange 1957, From Earliest 
Days P&T have Pursued a Vigorous Localization 
Policy. 
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Fig. 3 - Linesman Training in the Field, Port Moresby 

use of an Australian Government loan ($1 Mil 
lion), and grant-in-aid ($0.5 Million) respective 
ly to purchase the Overseas Telecom 
municatons Commission (Australia) (OTC(A)) 
assets. 

TELEPHONE DEVELOPMENT 
The manual telephone exchanges handed to the 
Administration by the military at the end of 
World War 11 were in poor condition but with 
perseverence and cannibalization a basic ser 
vice was maintained. 
Planning commenced in 1952/53 for the in 
troduction of automatic step-by-step ex 
changes. The period 1956 to 1958 was to see 
automatic exchanges installed at Port Moresby, 
Konedobu, Boroko (two suburbs of Port Mores 
by), Lae and Rabaul. 
By 1969 additional automatic exchanges had 
been commissioned at Bomana and Sogeri 
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(near Port Moresby), Kokopo and Toleap (near 
Rabaul), the old gold-mining towns of Bulolo 
and Wau south of Lae and on the North Coast, 
at Boram and Madang. 

The Madang ARF was installed to L. M. Erics 
son (Sweden) specifications and was the first of 
its type in Papua New Guinea. Toleap, Wau and 
Bulolo were Ericsson ARK's also provided to 
Swedish standards but incorporating modifca 
tions to bring them into line with APO installa 
tions. The later Crossbar installations adopted 
APO standards. 

Many new automatic exchanges followed but 
these remained within isolated automatic 
enclaves, there was no long distance com 
munications of any significance. In mid 1968 
there were still only 18 telephone trunk routes. 
But by then an exciting and ambitious expan 
sion program had begun on the trunk network. 
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Fig. 5 - Telephone Subscriber Development. 
Average Growth of Over 10% per Annum Until Re 
cent Hecession.. 

TRUNK DEVELOPMENT 
In the early sixties there were only 10 trunk line 
channels serving the Country's long distance 
telecommunications requirements. Many of the 
connections involved omnibus H. F. trunks giv 
ing poor transmission quality and low traffic 
capacity. 
The trunk usage rate of about 14 calls per 
telephone per year, although very small was 
nevertheless sufficient to plunge the system 
into long delays. A modest improvement to the, 
service between Lae and Port Moresby was 
achieved with the installation, in the early 
1960's, of two low power 5 channel VHF links 
via Mt Lawes and Mt Kaindi. It was 'diffraction 
all the way' but proved that if capital funds 
could be made available a commercially viable 
long distance network was a decided pos 
sibility. 
A 24 channel system, installed in 1967, con 
nected Lae to the SEACOM cable access point 
at Madang giving some PNG telecommunica 
tions customers access to new international 
facility provided by various Commonwealth 
countries. 
In 1963 the International Bank for Reconstruc- 

tion and Development (World Bank) was asked 
to make an investment survey of the whole 
country. Posts and Telegraphs was the only 
department to satisfy the Bank's criteria and the 
1967 World Bank Loan of $US7 Million was 
made specifically for the development of 
telecommunications. 
Then commenced an extraordinary broadband 
microwave installation project. Field surveys 
carried out on foot through some of the world's 
most rugged terrain gave many mountain vil 
lagers their first sight of white men outside the 
tiny isolated missionary stations. The field 
teams levelled suitable helicopter landing pads 
for later repeater installations by literally 
blasting off mountain tops. 
The topography of the repeater sites presented 
system planners with rather unusual economic 
considerations. In the final analysis a system 
using high reliability, low power repeaters was 
chosen to minimize repeater maintenance visits 
which usually involve expensive helicopter hire 
charges or prohibitively costly access roads. A 
courageous decision was taken to purchase 
state-of-the-art micro-wave equipment whose 
power requirements (30 watts for a 1 + 1, 960 
channel system) were such that they permitted 
a primary cell power source. The Italian Com 
pany, Telettra produce the 2GHz equipment 
which makes use of thin-film devices retrans 
mitting the received signals directly at 
microwave frequency thus avoiding an in 
termediate frequency (IF) stage. P&T's latest 
plans to use Solar cells as the primary power 
source put the country as a forerunner in the 
use of this energy source. 

TELEX 
For many places and for many years the 
telegraph was the only means of contact with 
the outside world. In 1961 there were 13 zone 
centres that could accept telegraphic messages 
from 359 outstations, many of which were the 
only means of communication with the ad 
ministrative centres of remote districts. 
In the overall fabric of the Papua New Guinea 
telecommunications plan, the telegraph/telex 
service was also reviewed. Tenders for the sup 
ply of automatic Telex equipment for operation 
over the new broadband system were called in 
November 1971. The successful Contractor, 
Frederick Electronics Corporation, supplied a 
processor controlled exchange (ELTEX) in May 
197 4 for about $400,000 which is used as the 
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Fig. 6 - Mt Otto Repeater. Pivot Point of 960 Channel System for Goroka to Lae and Madang 

national and international telex exchange. Also 
a similar system to the European "Gentex" ser 
vice, where telegrams are transmitted by telex, 
is in operation from telegraphic offices 
throughout the country. 

INTERNATIONAL 
Except for a brief period following the second 
World War the Overseas Telecommunications 
Commission, Australia (OTC) and its predeces 
sor, A.W.A., were responsible for all inter 
national services until self Government in 
December, 1973. 

International Facilities 
In 1967 the South East Asian Commonwealth 
Telephone (submarine) Cable System 
(SEACOM) was commissioned. The Papua New 
Guinea landing point at Madang provides 160 
good quality channels both to the South, ter 
minating at Cairns, and to the North and West 
with landing points at Guam, Hong Kong, 
Malaysia and Singapore. Papua New Guinea 
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was able to purchase a 5% equity of this cable 
when. following Australian Government spon 
sorship, she became a partner in the Com 
monwealth Telecommunications Organization 
(CTO). The CTO is a unique partnership involv 
ing the free access to partnership facilities on a 
cost-by-usage basis. Technical co-operation 
stems from membership of various specialist 
groups within the Organization. 
To gain access to SEACOM circuits OTC(A) in 
stalled an Ericsson ARM20 Gateway exchange 
at Madang in 1972. The exchange interested P 
& T Planners as a possible combined Inter 
national and Main Trunk Exchange. The finan 
cial advantages to be won by removing one tier 
of the trunk switching hierachy were obvious 
(Fig. 7) however, two major problems arose. 
Firstly there was the question of economically 
combining these two functions in one switching 
machine. Expert assistance offered by OTC(A) 
and the APO differed in their respective assess 
ments of the matter. Secondly, to efficiently 
carry the combined national and international 
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traffic for Papua New Guinea the nodal 
switching point would need to be situated 250 
kms to the south-east at Lae. The decision of 
the day was to proceed with the Madang instal 
lation. Later, when the Madang Gateway was 
purchased (along with other OTC(A) assets), it 
was decided to close the exchange and move 
the international facility to the new multi-storey 
communications complex at Lae. 
The Second International Bearer 
In 1973 serious discussions began between 
P&T and OTC on the provision of a second 
broadband bearer between the two countries. 
Traffic growth rates were astronomical follow 
ing the enthusiastic response to International 
Subscriber Dialling (ISO) from Papua New 
Guinea to Australia in late 1972 (Fig. 8). 
The alternatives that were considered were: 
• an island-hopping microwave route from 
West Papua to Cape York 

• a submarine cable 
• a satellite earth station 
The microwave route was attractive to P&T as 
it would have allowed development of the 
domestic network in a part of the country poorly 
served by telecommunications. However APO 
charges for the lease of bearers to OTC, the 
Australian international carrier, made this alter 
native financially unattractive. It is worth a 
speculative moment to ponder the changed 
course of telecommunications development in 
Papua New Guinea in this and other major pro 
jects had OTC and the APO been a single 
organisation. 

The economics of the remaining alternatives 
were traffic sensitive with a low traffic situation 
favouring the earth station. 
Traffic predictions were difficult to make during 
this period because of the step-function in the 
traffic volume data caused by the ISO service. A 
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further difficulty prevailed due to the differing 
corporate objectives of P&T and OTC. Papua 
New Guinea favoured retaining known techni 
ques instead of the new satellite technology 
which would place further demands on training 
and limited skilled manpower. 
It is now history that in October 1974 a con 
tract was placed with Standard Telephones and 
Cables ( London) for the laying of a $A 7 million 
cable between Cairns and Port Moresby. The 
jointly owned cable came into service in July 
1976. It has a capacity of 480, four kHz chan 
nels. 

THE NETWORK 
Although it would be pretentious to imply that 
the network was conceived and developed in 
accordance with some all-encompassing 
philosophy, it is true to say that the early Plan- 

ners had a vision of the Papua New Guinea 
Network as one that would be, 

• simple to engineer (for Planning) 
• simple to manage (for Operations) 
• simple to use (for Customers) 
In many ways Papua New Guinea's timing in 
entering modern telecommunications was 
awkward. The industry was braving new 
technologies during the sixties and it was at this 
time that P&T were looking for the systems to 
provide facilities into the latter part of the cen 
tury. 
Some bold decisions like the choices for broad 
band trunk facilities and the processor control 
led telex exchange were unqualified successes 
which used techniques that even today are not 
commonplace. 
In the switching field manufacturers were ex- 
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Fig. 8 - Growth in Revenue Traffic Between PNG and Australia. 
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perimenting with stored program controlled ex 
changes but had not installed significant equip 
ment quantities at the time that P&T were 
searching for replacements for the step-by-step 
equipment. In any case the crossbar equipment 
ultimately chosen has adequately performed its 
functions whilst offering the advantages of: 
• readily obtainable supply of equipment 
• a nearby recruitment pool of trained person 
nel for manpower or training requirements 
(Australia) 
• proven technology that is widely adopted. 
There is substantial evidence that the resultant 
telecommunications network of transmission, 
switching and control is performing very ef 
ficiently indeed, particularly considering the dif 
ficulties to be faced in a developing country. 
Switching 
Fig. 7 illustrates the telephone switching 
hierachy and possible routing strategies in the 
PNG national network. Primary trunk ex 
changes are situated at Wewak, Madang, Lae, 
Rabaul, Arawa, Goroka, Mt Hagen and Boroko. 
There is a wide-spread meshing of inter-Primary 
trunks with Lae and Boroko having direct routes 
to all the Primaries whilst the remaining centres 
only have routes to major communities of in 
terest at present. 
All Primaries are equipped with the Register 
type ELP which provides trunk charging 
facilities and control of rural ARK terminals. The 
two largest Primaries at Lae and Boroko have 
extended availability by means of 3-stage group 
selectors (GVC). 
In May 1975 one of the remaining step-by-step 
exchanges closed down completing the integra 
tion of all PNG telephone numbers into a single 
six digit closed numbering network. In mid 
1977 the Port Moresby exchange closed and 
with it the era of step-by-step in the PNG trunk 
network. 
The major manual assistance service is centred 
at Lae with facilities provided by AFM equip 
ment. The Operators can directly dial to sub 
scribers in most parts of the world. As stated 
earlier, ISO is available to Australia only, at pre 
sent using the multi-metering system of billing. 
With such a compact and tidy network the 
management of it is relatively simple. A 
network performance centre exists in Lae to co 
ordinate maintenance effort and collect 
management information for all national and in 
ternational traffic. Service observations are car- 
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ried out and continuous monitoring of the grade 
of service on the major trunk routes is achieved 
by a unique traffic surveillance system. 
Traffic Management 
Until 1975 the traffic facilities installed around 
the Primary exchanges and Main exchange con 
sisted of traffic measuring leads which ex 
tended an analogue signal representative of the 
traffic on a selected group of devices to a mov 
ing coil DC meter. The system required manual 
recording of sampled traffic values and was 
generally considered to be cumbersome and of 
dubious accuracy due to human errors. 
The replacement equipment using a combina 
tion of electronic Erlang-hour meters (EEHM) 
and solid state scanning, counting and storing 
devices offers a flexible, accurate and 
economical alternative. 
Racks and relay sets are installed at all Primary 
exchanges to accommodate the printed circuit 
boards which are rotated around the network 
following a regular programme of traffic 
measurements. The ARM's have permanently 
installed facilities. 
Ancillary equipment residing at the Primaries 
facilitate basic but accurate traffic measuring 
capabilities for use by local staff. (Fig. 9). This 
EM MA equipment (Erlanghour meter Manual 
Measuring Arrangement) is also involved in a 
bi-annual trunk network traffic study. During a 
ten day period the EM MA facilities at each 
centre simultaneously record the entire trunk 
traffic during the network busy hour. This 
network "snapshot" provides excellent planning 
and management information. 
Like the network that it monitors, the traffic 
reading equipment supplies a facility eminently 
capable of meeting the requirements but with 
no expensive and potentially troublesome frills 
attached. 
With fairly minor additions the system can be 
easily extended to perform a real-time network 
management function. Such extensions will be 
considered when the network traffic and/or 
complexity warrants. 

TRAFFIC GROWTH 
The physical features of Papua New Guinea 
consist largely of lush tropical coastal areas and 
precipitous mountain ranges to 4800 metres. 
Either to.pography renders roadmaking a dif 
ficult and expensive task. As a consequence 
road transport is quite restricted. 
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The capital, Port Moresby, for instance, has no 
roads connecting it to other major centres. 
Transportation needs are mainly met by air or 
coastal shipping although the recently 
developed and improving Highlands Highway 
system is now providing some alternative 
means of conveyance between the major 
centres of Lae, Goroka, Mt Hagen and Madang. 
Telecommunications is therefore of vital impor 
tance in carrying out the business of govern 
ment and to promote industrial and agricultural 
development. 
Trunk and Overall Usage Rates 
The importance of telecommunications is 
reflected in the high usage rates for the 
telephone service. 

Boroko is the largest terminal exchange having 
9000 installed lines of ARF Crossbar equip 
ment. The overall originating rate is 0.068 and 
terminating rate is 0.047 Erlangs per direct ex 
change line. Lae with some 2300 lines has an 
originating rate of 0.055 and terminating rate of 
0.049 Erlangs per subscriber. 
The overall average trunk originating rate is 
0.017 Erlangs per exchange line. Originating 
trunk usage rates range from 0.010 Erlangs per 
line ( Boroko) to 0.024 Erlangs per line ( Goroka, 
which has about 1000 subscribers in the area). 
This is inclusive of the small operator assisted 
traffic; STD comprises over 95% of all trunk 
traffic. 
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International Usage Rate 
During the period from December 1972 to 
February 1974 nearly 98% of the telephones in 
Papua New Guinea were progressively given 
access to ISO for calls to Australia. In this time 
the total revenue traffic from PN G to Australia 
increased fourfold to 400,000 paid minutes of 
telephone traffic per month. A little over a year 
later it had passed the half million minutes 
mark. Virtually all of this traffic was ISO. 
The economies of the move to ISO can be 
gauged from the fact that revenue traffic in 
creased five times with a corresponding circuit 
increase of only 22%. This is due to the much 
higher circuit efficiency with ISO. Also Operator 
costs were reduced with the closure of four 
Regional Manual Assistance centres following a 
60% reduction in operator traffic. 
At its peak in 1975 the ISO traffic to Australia 
represented 91 % of all outgoing international 
traffic. The overall international originating rate 
(to all countries) was 30 paid minutes per sub 
scriber per month. This is of the order of 1 00 
times the Australian originating rate and 50 
times that of the UK which has extensive ISO 
throughout the world. 
The Flow of Traffic and Money 
It will be realized then that the establishment of 
ISO was an extremely profitable move. 
However whilst P&T and subscriber alike were 
thrilled with the new service it was to bring grief 
to the Department of Treasury. 
This arose because of the international ac 
counting arrangements which provide that traf 
fic revenue is shared evenly between the ter 
minal partners regardless of the traffic direction. 
This is fine when the two traffic directions have 
equal volume but results in an outward flow of 
cash from a country under traffic imbalance 
conditions similar to the conditions of trade im 
balance. By the end of 1975 there were over 5 
minutes of paid traffic leaving Papua New 
Guinea to every one incoming from Australia. 
The drain on foreign reserves was of the 
order of $US 2 million per year. The situation 
was clearly intolerable for the economy of a 
developing country. 
The means of redressing the situation had as 
their extremes the possibilities, 
• establish unbarred ISO from Australia 
• discontinue ISO from Papua New Guinea 
The former was in contravention of established 
Telecom Australia policy until automatic mes- 
COATES - The PANG Telecommunications Network 

sage accounting became available. The latter 
would be financially disastrous to P&T. 
Telecom Australia responded to Ministerial 
directives and Papua New Guinea calls were 
given special consideration. Shortly after an 
nouncing the unbarred service Telecom 
reported over a million telephones had access 
to the service. This has apparently had the 
desired effect with a traffic turn-around from 
one direction to the other. Imbalance is now 
down to about three to one and shows signs of 
further reduction if recent trends continue. 

'GURIAS' AND OTHER HAZARDS 
Earthquakes 
Just before midnight on Sunday 20th July 
1975, the technical assistant stationed at the 
Torakina troposcatter radio terminal on 
Bougainville Island was awakened by a strong 
earth tremor centred somewhere out in the 
Solomon Sea. He packed some possessions 
and his sleepy family into the P&T Landrover 
and drove them inland, for experience told him 
that the beach-front site would likely be 
covered by the surging tidal wave following the 
tremor. 
At forty minutes after midnight the tidal wave· 
swept through the station swamping the rec 
tifiers, power amplifiers, generators and 
everything else under one and a half metres 
from floor level. 
The initial tremor or 'quria as they are called in 
Pidgin, had snapped the antennae feeders cut 
ting off all communications with the island. In 
the morning an airborne inspection showed the 
likely extent of damage and emergency repair 
operations commenced immediately under very 
difficult conditions. 
The building and diesel fuel storage tank had 
sunk one metre into the wet sand which had as 
sumed the consistency of porridge because of 
repeated aftershocks. The Landrover, ~aving 
been returned during the dark of the early 
hours of the morning, had sunk below the level 
of the wheel hubs. 
The fresh water tanks were shattered as was 
the septic tank, making life decidedly unplea 
sant particularly at high tide whose level now 
inundated the subsided beachfront. 
Difficulties aside, service was restored within 
48 hours. 
Lethal Debris 
In spite of the widespread publicity given to 
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tribal fighting in Papua New Guinea, P&T peo 
ple have frequently been the unwitting but un 
harmed spectators to these occasional skir 
mishes. There have been cases where hostilities 
were temporarily suspended to allow the P&T 
people to pass. Far more dangerous however is 
the debris of an earlier conflict. 
Whilst laying cable in the Sogeri area some 20 
km from the end of the Kokoda Trail of World 
War 2 fame, the cable plough lifted a 'live' 200 
pound bomb. Sobered by this incident, bomb 
clearance crews were used when laying cable 
between Lae and Nadzab, another area of 
heavy combat action. 
Other debris resulted in a call for help to the 
Royal Australian Navy mine clearance teams 
when making the landing point of the Australia 
PN G cable safe for cable laying operations. 
Many large mines left sitting on the floor of 
Bootless Inlet, a few kilometres down the coast 
from Port Moresby, were detonated by the RAN 
men. 
Helicopters 
Unfortunately not all the incidents were without 
tragedy. 
Helicopters were indispensible during the in 
stallation of the trans PNG microwave link. Mr 
Vern Hodgson, a senior P&T engineer and Carlo 
Naggi of Telettra were returning to Goroka by 
'chopper' after visiting the repeater site on top 
of Mt Otto (3,730ml when the main rotorblade 
drive mechanism failed. They plunged into the 
moss forest 500 metres below the summit, two 
hundred metres short of an emergency landing 
pad. It was two days before the search parties 
could find the three bodies in the dense scrub. 

Although other minor helicopter incidents did 
occur the several thousand trouble-free flying 
hours during the project attested to the overall 
good record particularly considering the hazard 
ous conditions of altitude, terrain and weather 
experienced over the period. 

CONCLUSION 
Papua New Guinea, the land, has kept Papua 
New Guinea, the people, separated for many 
hundreds of years. Telecommunications is of 
fundamental importance in the search for 
national unity. 
Although small in comparison to telecom 
munications networks in Australia and other 
larger nations, the Papua New Guinea network 
was not developed without overcoming 
problems that were significant when measured 
against any standard. The resultant service is 
one employing some of the most modern equip 
ment of its type in the telecommunications 
world. 
The next stage of development is to take the 
telephones to the people. At present only about 
11 % of the population has reasonable access to 
the telephone. In other words a concentrated 
effort will be made to expand the network into 
the rural areas, providing basic telecommunica 
tions facilities in the villages. 
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A Metho,d of Providing Full STD Facilities for Subscribers 
Remote Areas 

• 1n 

G.J. STEVENS, B.Tech., Grad. I.E. Aust. 

A relay set has been designed to enable selected number ranges in an ARF cross bar exchange to be 
identified as a "pseudo" terminal exchange in a tariff charging zone other than the one in which 
the exchange is located. Small groups of subscribers at such designated exchanges in "foreign" 
charging zones can then be connected to the ARF exchange and both originating and terminating 
STD calls involving these subscribers can be charged correctly. 
This article describes briefly the operation of the relay set, and the circumstances under which it 
finds application in the South Australian and Northern Territory network. 

INTRODUCTION 

A feature of the Australian telephone network 
is the extremely low 1elephone density over much 
of the area of the nation. For example, in South 
Australia and the Northern Territory alone, there 
are in excess of 70 exchange areas having 20 sub 
scribers or less, and the forecast development for 
many of these indicate that the installation of an 
automatic terminal exchange of the types currently 
in use in the Australian network could not be justi 
fied solely on economic grounds. 

The concept of Remote Controlled Electronic 
Equipment (RCcE) exchanges has been used in a 
number of instances to provide service to sub 
scribers in remote areas. An RCEE exchange is a 
'notional' exchange location which provides a 
reference point from which applicants can be 
quoted, and which can be used in the determina 
tion of charges to be applied to trunk calls in ac 
ccrdance with the call charging arrangements in 
use in Australia. Currently under this policy, the 
subscribers are extended to a suitable manual ex 
change where they have individual jack appear 
ances, and calls are switched in the normal mann.er. 
However, special attention must be given by the 
operator to the charging of such calls. A special 
problem arises then when the parent manual ex 
change is converted to automatic working since 
the RCEE exchange cannot continue to function 
in its existing mode in the absence of a manual 
parent. 

Two possible approaches to the solution of the 
problem came to mind, viz. 

• Design a small, simple, inexpensive switching 

sys1em for use as a termina I exchange; 

• Extend the remote subscribers to a suitable, 
established automatic switching point either 
collectively by means of a line concentrator or 
separately by means of either physical or carrier 
derived circuits. 

STEVENS - STD Facilities for Remote Areas 

DEVELOPMENT OF THE RELAY SET 

The latter approach appears to be the more at 
tractive, since very little development work is 
needed, and the full range of facilities of the parent 
exchange are available to the remote subscribers 
concerned. However, it does not provide for cor 
rect charging of STD calls, either originating or 
terminating if the RCEE exchange to which the sub 
scribers are connected is in a tariff charging zone 
other than the one in which the ARF exchange is 
located. 

The correct charging of terminating calls can 
readily be arranged by suitable analysis in the ter 
minating GV stage of the parent ARF exchange as 
explained later, but for originating STD, the remote 
subscribers must be allocated a separate 'zone of 
origin' to that of the Parent exchange to which 
they are connected. A preliminary investigation 
indicated that the implementation of such a pro 
cedure in ARF Reg ELP exchanges would be a 
relatively simple matter, and so, in September 1976, 
a Design Concurrence Request was submitted to 

· Equipment Design Co-ordination South Australia on 
this subject. A survey of all States and Headquarters 
by EDC showed that no such design existed, and 
authorization was given for detailed design work 
to commence. Subsequently, the project was also 
included in the national Research, Development and 
Innovation (RD!) Programme. 
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Design work on the relay set commenced in 
November 1976, and finally led to the manufacture 
of a prototype relay set in January 1977. This was 
installed at Fort Augusta ARF exchange in South 
Australia, initially only as a field trial, but as it 
proved to be quite successful in operation it was 
accepted as a standard means of providing full 
STD facilities for remote subscribers in the area. 
In particular, automatic service to Roopena terminal 
exchange, situated in a "foreign" charging zone 
approxima'.ely 50 km south west of Port Augusta 
has b sen provided by this means since March 1977. 

OPERATION OF THE RELAY SET 
Fig. 1 is a functional block diagram of the relay 

set (nominally designated ZAN), and shows the 
relationship between the relay set and other items 
of equipment within the ARF parent exchange. 

When a call is originated, the hundreds and tens 
digits of the calling subscribers number are made 
available to ZAN by means of cabling from the 
category analyzer (KAN). These digits are analyzed 
into zone of origin information in ZAN, encoded 
into the same '2 out of 6' code used by Reg ELP 

for storing zone of orrqm information., and tempor 
arily stored on miniature relays. The SR selected 
for the call is subsequently connected to a free 
register via RSL, and information regarding the 
identity of the register is read out of RSM by ZAN. 
This information allows ZAN to steer the zone of 
origin information to the correct register via multi 
coil relays in a manner which is very similar to the 
cperarion of the DIR reav set. Note that numbers 
within a l 000 line group are an,alyzed and allo 
cated to a zone of origin in blocks of ten numbers, 
and that any block of ten numbers not so analyzed 
assumes, by default, the zon,e of origin of the 
parent exchange. 

GV ANALYSIS REQUIREMENTS 

The example of Roopena will serve to show the 
GV analysis required to prevent incorrect charging 
of 1e:minating traffic when incompatible code com 
binations are dialled. The ten numbers allocated to 
the Roopena charging zone are xxx271 - xxx270 
out of the 424xxx thousand line group at Port 
Augusta, and the C,D and E digits allocated to 
Roopena are 465xxx. Thus we have a requirement 
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Fig. 1 - F_unctional Block Diagram of ZAN Relay Set. 

196 T JA, Vol. 28, No. 2. 1978 



to prevent callers from dialling 42427x numbers as 
this would give access to Roopena at the charging 
rate applicable to Port Augusta. Also, we must 
ensure that the only 465xxx codes that can mature 
are 46527x as any other combination will give 
invalid access to Port Augusta subscribers. 

From Fig. 2 it is seen that five digit analysis is 
required to separate all of the illegal code com 
binations and connect them to 'Number Unobtain 
able Tone' (NUT). The correct code combinations 
are connected to the SLD route of the thousand 
line group concerned, and a 3A l O route revertive 
(send previous digit MFC) is used to ensure that the 
SL stage receives the last three digits of the called 
subscriber's number. 

CONCLUSION 
At an estimated cost of $300, the ZAN relay 

set provides a very economical method of variable 
zone marking within a complete l 000 line SL group 
with minimal modification to installed equipment, 
and opens up the possibility of a number of meth 
ods of providinq service to remote subscribers. 
Chief among these are the use of line concen 
trators (on both physical and derived circuits), sub 
scriber's radio (both individual and group systems), 
and new types of parly line systems. 

A further development of this theme foresees 
subscribers of RCEE exchanges in. different charging 
zones being connected to a single ARK exchange, 
but being switched onto separate routes between 
the ARK and its parent exchange as the means of 
conveying to 1he parent exchange the differing 
zones of origin,. A prototype of a relay set to per 
form this function has been constructed and success 
fully tested. 

In the future, it is possible that SP-C exchanges 
will provide the facilities required to service remote 

SLD 
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Fig. 2 - Simplified GV Analysis Showing Barring 
of Illegal Code Combinations. 

subscribers, but until that time it is expected that 
the approach outlined in this article could play a 
significant role in the Australian telecommunication 
network. 
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In Brief 

SCIENTIFIC INFORMATION SERVICES 

The Austrlaian National Scientific and Technological 
Library (ANSTEL), a branch of the National Library of 
Australia, has been established to improve the access of 
the Australian community to the world's scientific and 
technological literature. To this end, ANSTEL has 
developed a wide range of services based on 
computerized information retrieval systems. 

One such service is the SCI (Science Citation Index) 
database. This multidisciplinary database is produced by 
the Institute for Scientific Information in the U.S.A. in 
the form of weekly magnetic tapes. These tapes contain 
details of articles from nearly 4000 of the world's most 
significant journals from over 100 disciplines in the 
following broad subject areas: 
o Agricultural, biological and environmental sciences 
o Engineering, technology and applied sciences 
o Physical and chemical sciences 
o Medical and life sciences 
o Behavioural sciences 

An SCI search tailored to individual requirements can 
retrieve : 
o all works with titles containing specific key words or 

combinations of key words 
o all papers citing a particular reference 
o all papers citing works published by a particular 

author 
o all works by scientists or technologists associated 

with a particular organization 
o all works published by a particular scientist 

Both current awareness searches in the form of 52 
bibliographies per annum, and retrospective literature 
searches are available. Until recently the maximum 
number of users who could subscribe to the SCI service 
was severely limited. These restrictions have now been 
lifted and there is no longer a waiting list for SCI 
services. 

Charges for SCI services: 
1. Retrospective searches 

A search of the data base from 1974 to date - $50 
A search of the data base May 1976 to date - $20 
(More complex searches may cost more, and are 
undertaken only with the requester's agreement). 

2. Current awareness searches 
(a) Information Bulletins (monthly) 

This service is designed to provide general coverage 
of a number of broad subject areas, e.g. Air 
pollution, Food engineering, Lasers. Subscriptions 
cost $10 p.a. per title. A list of topics covered by 
these bulletins is available on request. 

(b )Individual profiles (5 2 bibliographies per annum) 
This service provides searches which have been 
tailored to the individual requirements of the 
subscribers. Subscriptions cost $ 7 5 p.a. 

For further information on this and other ANSTEL 
services please contact: 

Chief Librarian 
SCI Service 
ANSTEL 
P.O. Box E333 
CANBERRA A.C.T. 2600 
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Nomination of candidates 
is now invited for the 

1979AWARD 
of the 

LM ERICSSON INTERNATIONAL PRIZE 
for notable contributions to 

TELECOMMUNICATIONS RESEARCH 
AND DEVELOPMENT 

The LM Ericsson International Prize of 100,000 
Swedish kronor was presented for the first time in May, 
1976, in connection with the celebration of the Com 
pany's 100th anniversary. 

The Prize ~ which honors the memory of Lars 
Magnus Ericsson, founder of the Companv-c- is designed 
to encourage and advance research and development 
within the field of telecommunications engineering. 

The Prize is being awarded every third year in 
recognition of an outstandingly significant "scientific or 
technological contribution within telecommunications 
engineering" during the three-year period preceding the 
award year. Earlier contributions whose importance 
becomes established during the three years are also eligi 
ble for nomination. 

The winner of the Prize is selected by an indepen 
dent. Prize Committee consisting of members appointed 
by the Royal Swedish Academy of Engineering Sciences, 
the Board of Directors of the Swedish Telecommunica 
tions Administration and representatives of leading 
Swedish institutes of technology. 

Candidates may be nominated by members of the 
Prize Committee and by organizations or individuals ac 
tive in the telecommunications field. 

Nominations are now being accepted for the 1979 
award. All nominations must be in writing and should be 
accompanied by all relevant supporting material. The 
closing date for nominations is October 1, 1978. 

Only the winner's name will be disclosed. Where 
the Prize contribution results from the work of two or 
three people, the Prize may be awarded jointly. 

Nomination of candidates, or requests for further 
information including the complete rules governing the 
award, should be addressed to: The LM Ericsson Prize 
Committee, S-126 25 Stockholm, Sweden. 

Harold A. Rosen, (Hughes Aircraft Company, Los Angeles, 
USA), winner of the first Ericsson International Prize. reren-es 
his ancrd medal from Kinp, Carl Custa/ of Sweden at the presen 
tation ceronumier in Stockholm in May, 1976. 

Winner's Prize: 100,000 Swedish kronor. 
Appruximnte correspondinp, ualues at excbonge rates prel1ai!inp, at the time of publication 

of this aduertisemcnt: U.S.$21.500. S.Fcs . ../:2, 150. 
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Rockwell-Collins •• communicates 
in all languages. 
More and more, the world 
is turning to our advanced 

communication systems ... 
to our total systems capabilities. 

We're in the communication 
field from modems and micro 
wave systems to communication 
switching and earth satellite sta 
tions. From designing and man 
ufacturing to systems integration 
or complete turnkey installations. 
From preliminary advice and con 
sultation to after-sale support and 
service. We do it all - all over the 
world. And we do it with a degree 
of experience that's unsurpassed 
by any private organization any 
where. 

MICROWAVE 
COMMUNICATION SYSTEMS 
Ourexperienceinan~ogand 

digital microwave is just about as 
old as microwave technology it 
self. We were already experienced 
enough back in 1958 to develop 
and install the FAA Air Traffic 
Control System that's still control 
ling U.S. air traffic. Since then 
we've installed systems from 
Thailand to British Columbia to 
Brazil - and been a major 
supplier for space, military and 
government agencies, as well as 
one of the largest independent 
suppliers to U.S. telephone, in 
dustrial and railroad customers. 

Analog Microwave Systems 
The latest addition to our ex 

tensive line of analog equipment is 
our MAR-6, a 6-GHz microwave 
analog radio that meets CCIR rec 
ommendations and was especially 
designed for international use. 

Digital Microwave Family 
Our family of digital microwave 

equipment is your next important 

link to tomorrow's all-digital 
communications. And to the 
proven reliability and advanced 
technology made possible by our 
25 years of experience with mi 
crowave systems. All members of 
our digital family meet CCIR rec 
ommendations. They are: 

MDR-6 6-GHz Microwave 
Digital Radio 

DMX-13 Digital Multiplexer 
Demultiplexer 

MDR-II-N/MDR-11-.5N II-GHz 
Microwave Digital Radio 

MDR-l l/MDR-11-5 11-GHz 
Microwave Digital Radio 

MVR-IIC 11-GHz Microwave 
Video Relay System 

MVR-6C 6-GHz Microwave 
Video Relay System 

MVR-2S 2-GHz Microwave 
Video Relay System 

COMMUNICATION 
SWITCHING 
SYSTEMS 

Rockwell-Collins communi 
cation switching systems have 
solved a lot of tough problems for 
leading organizations all over the 
world: airlines, banks. govern 
ment agencies and financial in 
stitutions - organizations whose 
very existence depends on the 
efficiency with which they handle 
their voice or data communica 
tions. We offer an unusual blend 
of advanced technology plus the 
experience necessary to harness it 

efficiently and economically, plus 
total immersion in the theory and 
application of communications 
techniques per se. The result is 
communication switching system 
capability that's unmatched by 
anyone anywhere. 

Automatic Call Distribution 
(ACD) Systems 

Within just two years of its in 
troduction, a Rockwell-Collins 
digital voice switching system was 
adopted by almost the entire U.S. 
airlines industry, as well as by a 
number of airlines throughout the 
world. The reason: it provides 
such effective handling of high 
volume telephone traffic. These 
systems' more efficient use of 
people and facilities results in in 
creased productivity and lower 
operating costs. 

Front End Message Switching 
Systems 

These systems are for busi 
nesses that depend on extensive 
message and data communica 
tions over a distributed network. 
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Our C8500 system is for com 
panies whose message and data 
transactions run into millions 
every day; our intermediate-sized 
C900 is for somewhat lower 
volumes. 

Telephone Special Services 
Our digital voice switching sys 

tems are direct applications of the 
ACD function within an operating 
telephone company. Ideal for 
business services, repair services, 
traffic services, and subscriber 
services. A single Rockwell 
Collins switching system can be 
functionally aligned to distribute a 
variety of types of incoming calls 
to the appropriate service posi 
tions. A remote service option 
permits the service positions to be 
located in neighborhood service 
centers and/or the customer's 
premises for commercial sub 
scriber ACD functions. 

SATELLITE 
COMMUNICATION 

SYSTEMS 
We were the first company to 

transmit a photo and voice by 
satellite. Since then, the voice of 
every American astronaut has 
come back from space over 

Rockwell-Collins equipment. 
We' re currently installing earth 
stations for the largest satellite 
communications network in the 
world. When completed, the sys 
tem we' re providing will inter 
connect all the member stations of 
the Public Broadcast Service - 
163 of them. 

That's the kind of experience 
we have behind our satellite 
communication ground systems. 
And that's why we can make such 
a system practical for any organi 
zation or country - regardless 
what size system is required. 

Earth Stations 
Our ground systems can pro 

vide improved communications 
for distribution of TV, AM/FM 
radio programming or teletype ... 
or for voice channel requirements 
- thin route ( 1-24 channels) or 
heavy route (360-28,000 
channels). 

DATA 
COMMUNICATIONS 

EQUIPMENT 
Modems. network management 

systems and automatic testing 
systems are among the many de 
vices and systems we design and 
manufacture to simplify com 
munication systems and make 
them more reliable and efficient. 

TE-2400 Data Modem 
Probably the most complete 

modem anywhere - all on one 
compact card. This MOS/LSI 
data modem includes:• Uncon 
ditioned or dial circuits• On-line 
compatibility with other PSK 
modems, including WECO 20!8 
and C • Full or half duplex opera 
tion - Compact single card design 
• Built-in diagnostics• Custom 
configuration to meet your needs 
(special packaging, etc.)• PSK 
Conventions: U.S. and CCITT 
(strap selectable)• Superior per 
formance. (Bit error rate with 
the equalizer is less than I x 10" 
on typical schedule 3002 un 
conditioned or dial lines.) 

RTS-100 Network Management 
System 

The adaptability of RTS-100 to 
any size communication network 
comes from a building block ap 
proach. A small network can start 

with a manual system (a test panel 
and a few remote terminal control 
lers) and add to it as the network 
grows. A large, complex system 
can start right out with a fully 
automatic RTS-100. 

ATRS-2000 Automatic Trunk 
Routiner System 

Our recently introduced ATRS- 
2000 provides completely automa 
tic computer-controlled access 
and testing of trunking plants, 
eliminating time-consuming man 
ual testing. It uses one central 
control site to provide access via a 
dial network to any number of 
remote offices for comprehensive 
trunk testing and comparison of 
results against customer specifica 
tions. Interface arrangements and 
measurement techniques are all 
compatible with Western Electric 
105 generators and other similar 
responders. 

For more information, contact a 
Rockwell-Collins sales office 
in one of the cities listed below. 
Or Collins Commercial 
telecommunications Group, 
Rockwell International, 
Dallas, Texas 75207. 
Phone: 214/690-5340. 

41~ Rockwell 
"'•~ International 

Cairo 801525 • Frankfurt (Rodgau 6 Weiskirchen) (0) 6106-4093 • Hong Kong 5-274-321 • Johannesburg 211-521 
Kuala Lumpur 27283 • London 01-759 9911 • Mexico City (905) 533-1846 • Melbourne (Lilydale) (03) 726-0766 • Paris (Rung is Principal) 687-31-02 

Rio de Janeiro (021) 246-3276 • Riyadh 62284 • Rome (0) 6-862-415 • Tehran 685-180 • Toronto (416) 757-1101 
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ATR 
AUSTRALIAN 
TELECOMMUNICATION 
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- Presents the results of research 
carried out in Australia relating to 
the field of telecommunications. 

- Includes material and component 
studies as well as systems studies at 
both the theoretical and practical 
levels. 

Topics in Vol. 12, No. 1 include.: 

• Impact of Portable Computer Ter 
minals. 

• Limit Cycle Oscillations in Digital 
Filters. 

• lntersymbol Interference on PCM 
Regenerators. 

• Processor Techniques for Call 
Metering 
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The Telecommunications Journal of Australia 

ABSTRACTS: Vol. 28, No 2 

COATES, F.A.: 'The Papua New Guinea Telecom 
munications Network'; Telecomm. Journal of 
Aust., Vol. 28, No. 2, 1978, page 182. 
The brief but remarkable history of the development of the 

telecommunications network of Papua New Guinea spans, in 
just two decades, the transition from HF shout-down trunks and 
manual switchboards, to virtually complete automation, ISO 
and Stored Program Control switching equipment. The web of 
telecommunications is a vital factor in the coalescence of an 
emerging new nation. Telecom men, (many of them 
Australians) with the determination to get things done often at 
great personal risk, have aided in the spread of telecommunica 
tions across the ruggedly beautiful face of Papua New Guinea. 

DERRICK, L J.: 'Multicoupler Performance Specifi 
cations'; Telecomm. Journal of Aust., Vol. 28, No. 
2, 1978, page 103. 
This paper reviews the Telecom Australia requirements for 

antenna multicouplers in the VHF and UHF frequency range and 
shows how some of the important performance specifications 
are set. Some of the circumstances in Which it would be advan 
tageous to use such devices with single antennas rather than 
the use of separate antennas for each transmitter or receiver are 
also discussed. 

FARR, J. P.: 'Grade-of-Service and Performance 
Monitoring of Traffic in the Australian Telecom 
munications System'; Telecomm, Journal of Aust., 
Vol. 28, No. 2, 1978, page 153. 
This article outlines the measurement techniques used by 

Telecom to assess grade of service and switching loss perfor 
mance in the telecommunications system. It includes methods 
of undertaking traffic recording on final choice circuit groups, 
service assessment of live traffic, artificial traffic call generation, 
automatic monitoring of live traffic and the analysis of sub 
scriber trouble reports. 

FREEMAN, A. H.: Hybrid Transformers - Part 2'; 
Telecomm. Journal of Aust., Vol. 28, No. 2, 1978, 
page 167, 
This is the second of two articles designed to inform the 

reader of the properties of hybrid transformers and present sim 
ple methods of designing or analysing circuits in which they are 
used. It examines variants of the circuit dealt with in the first ar 
ticle in Vol. 27, No. 3 of this journal and illustrates the varied 
application of hybrids in telecommunication plant by a number 
of specific examples. An appendix gives further mathematical 
details useful in the design of circuits using hybrids. 

GRAY, R. L: 'Meeting Specifications with Practical 
Filters'; Telecomm. Journal of Aust., Vol. 28, No. 
2, 1978, page 120. 
An essential element of the better couplers is the frequency 

selective filter. This paper sets out some principles in a quan 
titative way for the assistance of radio system designers who 
may wish to examine the cost or feasibility of various coupler 
proposals. It discusses a theoretical relation between stopband 
rejection, frequency separation and loss for a given choice of 
elements and complexity and suggests an optimum trade-off. 
This theme is further developed to show the extent to which 

performance can be improved, or complexity reduced, by 
matching the filter stopband response more closely to the re 
quirement. 

McDONALD, N. A.: 'A Building Block Approach to 
Multicoupler Fundamentals'; Telecomm. Journal 
of Aust., Vol. 28, No. 2, 1978, page 110. 
This paper is an introduction to the techniques used in the 

design and construction of aerial couplers. It introduces first the 
components commonly used in multicouplers and then 
describes how these components may be assembled to make a 
variety of configurations to suit given requirements. The con 
figurations described are encountered in VHF and UHF mobile 
radio systems. 

O'REILLY, C. and McMAHON, B. J.: 'Manufacture 
and Test of ARE II Equipment'; Telecomm. Jour 
nal of Aust., Vol. 28, No. 2, 1978, page 174. 
Previous articles have introduced the ARE system and 

described a new installation at Elsternwick, Victoria, and the 
conversion of a working ARF exchange to ARE at Salisbury, 
South Australia. 
This article explains the production and installation testing 
procedures used to preserve the ARE system's capacity to 
operate to the standard of reliability for which it is designed. 

ROBINSON, B. E.: 'The Telecomm, Telefinder Radio 
Paging Service'; Telecomm. Journal of Aust., Vol. 
28, No. 2, 1978, page 127. 
Since its introduction in 1973 in Sydney and Melbourne the 

Telecom Telefinder radio paging service has been in high de 
mand and has been expanded to include Canberra and all State 
capital cities. The service will be extended to serve many of the 
larger regional cities and will be improved to offer additional 
facilities. 

STEVENS, G. J.: 'A Method of Providing Full STD 
Facilities for Subscribers in Remote Areas'; 
Telecomm. Journal of Aust., Vol. 28, No. 2, 1978, 
page 196. 
This article describes briefly the operation of a relay set 

which has been designed to enable selected number ranges in 
an ARF crossbar exchange to be identified as a "pseudo" ter 
minal exchange in a tariff charging zone other than the one in 
which the exchange is located. Small groups of subscribers at 
such designated exchanges in "foreign" charging zones can 
then be connected to the ARF exchange and both originating 
and terminating STD calls involving these subscribers can be 
charged correctly. 

THURMAN, W. H.: 'Digital Transmission in National 
Telecommunication Networks'; Telecomm. Jour 
nal of Aust., Vol. 28, No. 2, 1978, page 140. 
An overview is presented of the application in national 

telecommunications networks of transmission systems making 
use of digital techniques and of equipment to transmit signals 
originating in digital form over analogue transmission systems. 
The paper includes an outline of factors influencing present and 
future application together with analyses of current application 
including that in the Telecom Australia network. 
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Looking for an electronic PABX system? Then look no further. Fujitsu's FETEX-400 
----------""" is what you want. Here's why: 

•State-of-the-art technology: the FETEX-400 is a digital 
SPC PABX system designed with today's most advanced 
electronics technology. 
• Family design: standardisation of hardware and soft 
ware has been achieved for Model I ( under 100 lines) 
and Model II (100-400 lines). 
• Versatility: the FETEX-400 is the answer to virtually 
all business communication needs. 
•Cost savings: with the FETEX-400, you can realise 
engineering and equipment cost savings not possible 
with comparable systems. 

Phenomenal acceptance of the FETEX-400 has already been seen in the U.S., where 
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