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Northeast Electronics
has it all

everything you need for signalling
and transmission testing

No matter what your maintenance problems may be, test instruments from Northeast Electronics
make life a lot easier...let you perform signalling and transmission testing with increased speed,
accuracy and efficiency.

Shown here are just a few members of the rugged, field-proven Northeast product line. For more
information on these and other telecommunication test equipment products contact: Northern
Tetecom Inc., Northeast Electronics Division, Airport Road, Concord, New Hampshire 03301. Telephone
(603) 224-6511, Telex 94-3453.

Model 2760. . .intelligent
signalling analyzer that detects,

Model 1260. . .new send! Model 4002 _advanced,

stores, and displays register
and line signalling information
present in live or recorded traf-
fic. Modular design permits
economical handling of many
different signalling/supervision
systems in use around the world

. .R2IMFC, MF2, DP, ACS9,
AC11, CCITT#5 and #4. Has
many advanced error detection
and diagnostic features.

receive pulse signalling test
set measures percent break and
pulsing speed with digital pre-
cision and convenience. Handles
dial pulsing on wet or dry loop,
E-lead, or M-lead. Built-in loop
resistance and leak impedance
networks for margin testing.

portable transmission test set
with digital readout and all-
electronic impulse noise counter.
Has full sendireceive features.
Measures impulse noise distri-
bution plus background noise,
level, and frequency. Wideband
frequency range. . .35 Hz to 85
kHz. Ideal for testing data cir-
cuits.

Model 59C. . .universal sender
that generates MF (CCITT#5/
"R1), SF (2400 or 2600 Hz), DP,
~and DTMF register signalling.
* Sends dial pulsing on loop or
~ E&M basis. Handles 2-wire or

Model 15C. . rugged, compact
send/receive instrument for
voice band level measurements.
Switchable 600 and 900 ohm
impedances plus high imped-
ance bridging. Operates from
internal batteries or external
48vdc.

Model 2776. . .companiol
30-line concentrator for Mode
2760. Provides automatic newv
call searching and selectiol
on up to 30 circuits. Handle
2-wire or 4-wire circuits witl
loop or E&M supervision. U
to three Model 2776's can b
paralleled for 60 or 90 circui
capacity.

~ 4-wire circuits.
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It’s the dawn of the digital 80‘sfxom GEC
Telecommunications. Now with atotal network
capablhty in dlgltal transmxssnon systemst

and optlcal fibre line systems and a comp e

of digital multiplex. .
Versatile business communications

systems, including PA.B.Xs from 4 to over 5,000

lines using digital switching and stored programme
control.

The dawn of digital technology from
GEC Telecommunications...make an early start.

&SEC

Telecommunications
GEC Telecommunications Limited,
PO.Box 53, Coventry CV3 1H] England.
A Management Company of
TheCeneral Electnic Company Limited of England. cc2a

See us on Stand 472, Hall 4.
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COAXIAL

ALL UNITS CAN BE SUPPLIED WITH OR
WITHOUT CONTROL UNITS FOR REMOTE
APPLICATION.

APPLICATION

CLOSED CIRCUIT TELEVISION.
ANTENNA/AERIAL SELECTION.
TELEVISION SWITCHING.
TRANSDUCER/SENSOR MONITORING.
LOW NOISE SIGNAL SWITCHING.

VIDEO SWITCHING.

EQUIPMENT TEST POINT MONITORING.
LOW POWER TRANSMITTER SWITCHING.
SECURITY CAMERA SCANNING.
TRANSMISSION LINE TESTING.

CIRCUIT APPLICATIONS
THESE RELAYS ARE USED EXTENSIVELY IN
SINGLE UNIT APPLICATIONS, BUT DUE TO
THEIR STYLE AND CONSTRUCTION THEY ARE
FREQUENTLY USED IN HIGHLY COMPLEX
SWITCHING NETWORKS.

COMPONENTS

PLUMPTON HOUSE, PLUMPTON ROAD
RYE PARK, HODDESDON, HERTFORDSHIRE
ENGLAND ENT1 OEB

Telephone: Hoddesdon 63603 (STD Code 09924)
Telex: 265849

RELAYS

THESE LINEAR COAXIAL RELAYS ARE MULTI-
WAY UNITS DESIGNED TO OPERATE
THROUGHOUTTHED.C. TO U.H.F. SPECTRUM.
HIGH QUALITY REED SWITCHES ARE USED IN
CUSTOMER SELECTABLE CONFIGURATION
ACHIEVING EXCELLENT INSERTION LOSS AND
ISOLATION TOGETHER WITH ACCURATE
RESISTANCE LOADING OF THE UNSELECTED
CHANNELS.

THE STANDARD RANGE OF UP TO 26 INPUTS
USING B.N.C. CONNECTORS AND UP TO 32
INPUTS USING S.M. CONNECTORS CATERS
FOR BOTH THE 508 AND 758 MARKETS,
OFFERING A SELECTION OF CONTROL
VOLTAGES AND CONTROL CONNECTORS.

THE MATRIX COAXIAL RELAYS ARE MULTI-
WAY WITH SEVERAL R.F. INPUTS AND
SEVERAL R.F. OUTPUTS ARRANGED IN A
MATRIX CONFIGURATION GIVING FROM 20
TO 630 CROSSPOINTS AS STANDARD BY
CUSTOMER SELECTION. ANY NUMBER OF
CROSSPOINTS CAN BE SELECTED AT ONE
TIME. THESE RELAYS OPERATE
THROUGHOUT THE D.C. TO U.H.F. SPECTRUM.

CONSTRUCTION

EACH RELAY INCORPORATES FIELD
REPLACEABLE REED ASSEMBLIES AND COILS
MOUNTED IN A ROBUST ANODISED
ALUMINIUM BODY. THIS FORMAT GIVES HIGH
PHYSICAL AND ENVIRONMENTAL DURABILITY
WITH GOOD ACCESS FOR SERVICING.
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STANDARD R.F. COMPONENTS COAXIAL
RELAYS AS SUPPLIED TO THE BRITISH POST
OFFICE.

THE RELAYS (BPO CODE 1003A) SHOWN ARE
USED AS PART OF A NEW MAINTENANCE AID
IN REPEATER STATIONS FOR THE TAKING OF
MEASUREMENTS ON FREQUENCY-DIVISION-
MULTIPLEX TRANSMISSION EQUIPMENT, AND
WERE REFERRED TO IN AN ARTICLE IN THE
POST OFFICE ELECTRICAL ENGINEERS’
JOURNAL (Vol. 71, p. 50, April 1978).



‘Protection’

A WORD THAT ENCAPSULATES WHAT M-OV
DOES FOR TELEPHONE SYSTEMS.

Necessity isthe mother of invention! cable joints. With grease-filled insulation
A truism perhaps, but the depth of M-OV’s displacement connectors, it is compatible with all
experience and innovative ability can indeed be PTT outside plant practices.
judged by the way we solve electronic protection The same device can be used for subscriber
problems. terminals, or where 2-way protection is vital such as
Forexample, modern electronic telephone Post Office PRESTEL installations.
installations need protection at many points in the As well as looking at new installations, we have
network from main distribution frames in telephone given alot of thought to protecting existing
exchanges to the most exposed parts of the outside equipment. Units have been designed for P.O. Jacks
plant. Test 33,39, 40 and 41 and Fuse Mountings 10064/8064.
We havedeveloped a range of 3-electrode gas- Ifyou'd like to know more,

discharge arrestersto cope with all these locations
including aminiature encapsulated unit (type
50A) which completely resists the corrosive
effectsof salt water when installed in coastal
regions, and remains ready to spring into
action for years. Truly ‘fit and forget’
Again the miniature arrester with wire
tails is eminently suitable for all forms of

contact us at Hammersmith.

SEE OUR
POST OFFICE

AT TELECOM'79
GENEVA

A MEMBER OF THE GEC GROUP

THE M-O VALVE CO LTD, HAMMERSMITH, LONDON W6 7PE, ENGLAND. TEL 01-603 3431. TELEX 23435. GRAMS THERMIONIC LOND(



The o
Telecommunications
Optocoupler
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HIGH EFFICIENCY SINGLE \ | GENERAL ELECTRIC'S PATENTED
LEAD FRAMED CONSTRUCTION ION-FREE GLASS CONSTRUCTION

\

4 Reasons to specif
General EIecgﬁg* Y

- you need at competitive prices...5000 volt isolation
* ngher Performance couplers...a wide range of PROELECTRON anda
i JEDEC registered couplers...high output
® I.onger Life . PROELECTRON and JEDEG registered |RED'S...
* Manufactured in Europe the highest sensitivity SCR couplers available

* Broad range of components --specfy GE.

Intemational General Electric of New York Ltd.,
No matter what you need... Park Lorne, 111 Park Road, London NW8 7JL, Tel: 01-402-4100

...G.Es broad line includes everything to optomise

your design. Most important, you'll find everything GENERAL @ ELE cT RI c

*Trademark of General Electric Company, U.S.A. which has no connection with an Engltsh firm of a simllar name.



Plessey is proud of its association with
the British Post Office in the develop-
ment of System X. A number of key sub-
systems designed by the Company will
be featured in the System X display at
Telecom 79.

System X is an example of the
application of advanced digital tech-
niques developed by Plessey and
incorporated in systems supplied to
world markets.

At Telecom 79 the Company will
display a wide range of these products
including private and public telephone
exchanges, transmission systems and
radio links.

If you are visiting Telecom 79
please be sureto call on us at Stand 473.

S PLESSEY

telecommunications and office systems

Plessey Telecommunications and Office Systems Limited
Edge Lane, Liverpool, United Kingdom L7 9NW.
Telephone: Liverpool (051) 228 4830 Telex: 629267
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A Thorn Ericsson PABX can provide over twenty aids sl
to efficient communications. Here is one of them

Automatic
Transfer

After an incoming call has
been routed to an extension
by the operator, the
extension can transfer the .
call automatically to another
extension by use of the service
button on the instrument.

To avoid a ‘lost’ call, special
safeguards have been
built into the system.

For optimum efficiency
and maximum flexibility

A Thorn Ericsson PABX can be built

>v: Other facilities available include:

up with extra lines, extensions or Ba/redExtensior?s (stops unauthor/‘sed
facilities as trafficneeds increase. ~ Ca/is). Hold for Enquiry. Repeated Enquiry,
Planning ahead with a Thorn Camp-on Busly, Ca//An(rouncmg. Trunk .
Ericsson 561 or 562 PABX will T g TR
fgllve. g’?l{j t?;ttefﬂmenf‘y andt t (Th_ree me{hods), Inter PABX coqnexlon
exibility thatis areat Investment. (Private wires), Group Calling. Direct
) Contact: PABX D|Y|S|Qn, Thorn Dialling-in, Automatic Call Back and
Ericsson Telecommunications many more

(Sales) Ltd., Viking House,
Foundry Lane, Horsham, Sussex.
Telephone Horsham 64166.

—
| SAVE TIME. Simply clip this coupon to
your letter heading and send to
Thorn Ericsson, Freepost, Horsham, Sussex.

No stamp needed

Please arrange for me to have:

details of PABX's |
A technical adviser (appointment ) []
A Demonstration of PABX Il

THORN
ERICSSON
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Institution of Post Office Electrical Engineers

A MESSAGE FROM THE CHAIRMAN OF COUNCIL

I am sure all members of the Institution of Post Office Electrical Engineers will join me in expressing our congratulations and
pleasure in learning that our President, Mr. J. S. Whyte, C.B.E., has been appointed a Deputy Managing Director (Telecommuni-
cations) of the British Post Office.

Those of us who attended the first Annual General Meeting of the Institution over which Mr. Whyte presided will recall that he
gladly accepted his role as President as being not merely an honorary figurehead but as a position in which he could energetically
further the activities and influence of the Institution. Furthermore, during his inaugural address he made very clear his personal
view that service to society was the justification for recognition by society of the status of the engineer. He subsequently demon-
strated his desire for active participation by presenting, to a packed audience, a lecture which spanned the whole sweep of the
Post Office’s modernization programme culminating in the introduction of System X, which is intended not only for the UK but as
the major instrument of expanded export success by the British telecommunications industry. Council will know, too, that behind
the scenes he has taken a lively interest in all aspects of the Institution’s work.

With the enhancement of the influence of our President, all members can look forward to an era in which the profession of
engineering will play an increasingly important part in the policics and achievements of the British Post Office.

J. F. P. TuoMaAs

A MESSAGE FROM THE PRESIDENT

Engineering in the British Post Office—
A Look Ahead

The British Post Office has 4 proud history of public service working near the frontiers of current knowledge. Everbody

extending to over 300 years, and for a significant fraction of
that period engineering has been a major factor in its affairs.
Today, the telecommunications business is absolutely depen-
dent on the skill, inventiveness and dedication of its engineer-
ing staff, supported increasingly by their scientific colleagues

POEEJ, Vol. 72, July 1979

working in the Post Office today has lived with changing
technology throughout his career, but there has never been a
time in our history when the pace of change has been greater,
when the nature of the changes has been more fundamental,
and when the opportunities that this situation offers to us
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have been more dramatic and exciting than those we see
before us today.

It is against this background—of change, of expansion, of
opportunity—that a significant reorganization of Telecom-
munication Headquarters (THQ) is taking place and many of
you may have wondered about its implications for the role and
status of engineers in the Post Office, both at THQ and in the
field.

The present organization has been in being for about 11
years and has, I believe, served the Post Office very well.
During this period we have seen our system grow from 13
million stations to over 24 million, international calls have
grownfrom 26 million to 180 millionp.a.and ourannual revenue
has increased from £600M to over £3000M. We have seen too
the beginnings of the digitalization of our transmission facili-
ties, the introduction of many new services and items of
customer apparatus, and an accelerating programme of ex-
change modernization. In this same period, postal mechaniza-
tion, despite some setbacks, has made significant progress and
now employs a variety of sophisticated technologies. None of
this could have taken place without the skill and dedication of
our engineers in all areas of our wide range of activities.

The years ahead of us all will see even greater developments.
We face an era of continuing expansion of our current services
and a proliferation of new facilities and customer apparatus.
We are all aware of the often-stated—indeed over-stated—
threat to employment which new technologies may bring in
their wake. We are fortunate to be in an industry and a Busi-
ness which is not only expandingto meet an unfaltering growth
in customer demand but also has the opportunity of providing
totally new services which will generate demands of their own
if we are able to grasp the opportunities as they arise. Prestel
is only one example of such new services. There will, 1 am
certain, be many more.

But the key to expansion, if I may repeat the phrase, is to
grasp the opportunities as they arise. And these opportunities
will arise particularly in the area of customer services. I am not
referring merely to the repackaging of telephones into new
shapes and colours—although of course customer appeal will
be increasingly important. I am thinking, in particular, of the
whole range of terminal apparatus which will become possible
with the advent of small cheap microprocessors. Here we
already have a head start with our new digital PABX, the
CDSSI, now called the Monarch 120. In this whole new world
of customer apparatus we must be prepared to face compari-
son with the best that anyone, anywhere, can offer.

This theme of rapid change in the technological scene, and
in the scale and nature of the market we serve, finds its echo in
our own organization. Organizations themselves must evolve
to suit the changing environment.

One essential element of the new THQ organization is
therefore a sector of the Business dedicated to “‘Products and
Services”. This will include not only the present marketing
functions but alsoits own engineering development force who
will have the task of both designing the apparatus, and giving
the engineering support to the introduction of proprietary
apparatus which will be seen by the public in their homes and
offices. It will be a fast-moving enterprise in which imagination
and market awareness will be on an equal footing with sound
engineering.
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Engineering will also play major roles in other Business
sectors—New Technology, Network, and International. Each
of these will have its own developers, planners and service
engineers, as appropriate, striving to generate ideas and create
products and services second to none in the world.

There is always the danger, of course, that restructuring an
organization, although forging valuable new links, may
diminish fruitful existing associations. It would be a lamentable
waste of scarce resources if techniques and practices devised in
one sector of the Business were not picked up and utilized in
other sectors where they might find application. There must be,
therefore, appropriate visibility of the plans of all sectors to
ensure that new technology and concepts are available for all
sectors to exploit and that special traffic requirements gener-
ated by new products and services are catered for in the net-
work programme.

For these reasons it will be an important part of my new
role to survey the work of engineers in all THQ Business
sectors and the Regions and Areas, both to ensure that they
are following a coherent pattern and to encourage the cross-
fertilization of ideas. Equally important as my oversight of
engineering programmes and techniques, is that I will maintain
and strengthen my personal interest in engineers themselves—
their status in the organization, their avenues for advance-
ment, their training, morale and their well-being generally.
The future well-being and prosperity of our country will
depend heavily on the skill and commitment of those involved
in engineering and technology. In my view it is vital to main-
tain, and indeed enhance, our professional standards. In that,
we all have a role and a duty.

Although, i n my new post, science. engineering and technol-
ogy will form an important part of my concern it represents by
no means the total. Jointly with my fellow Deputy Managing
Director, John Harper, I will be closely concerned in the
running of the Business as a business and the formulation of
the Business policies and strategies. There is in this statement
an important message for all engineers. Our commitment to
good engineering and technological excellence must not
obscure our broader responsibilities. Our dedication should be
to the customer not the technology; technology is a means to
an end, not an end in itself. We are in business to provide
effective, profitable service to customers, and the achievement
of that is the only justification for our jobs. In the situations
each one of us face every day we nced to bring a business-
man’s attitude of mind to our engineering judgements,
relating technical factors to customer needs and market-
oriented thinking, with its service, revenue and profit con-
notations.

It is clear that the Institution of Post Office Electrical
Engineers will continue to have as important a part to play in
the future as it has in the past. For our Institution is at the
same time an informal educational force, a forum where the
research scientists can rub shoulders withexperienced practical
engineers, a channel of uninhibited comment and—not the
least important—the justification for friendly sociable occa-
sions. It will be an invaluable part of the mortar that binds
together the elements of our enterprise.

I wish all of you all possible success in the exciting and
challenging years that lie ahead.

J. S. WHYTE

POEEJ, Vol. 72, July 1979



Principles of System X

W. G. T. JONES, Bsc., C.ENG, M.ILEE., J. P. KIRTLAND, B.sc.(enc.) and B. W. MOORE, B.sC., C.ENG., M.LE.E.}

UDC 621.395.34

The foundation of System X lies in 3 basic principles. digital switching, processor control and common-
channel signalling. This article explains these principles in relatively simple terms and discusses the reasons

for choosing them.

INTRODUCTION

Two previous articles !> 2 in this Journal have described firstly
the basis of System X and the subsystems of which it is made
up, and secondly the way in which System X will be used in
the UK telecommunications network. Before giving detailed
technical descriptions of the individual subsystems, which
will be the subject of future articles, it is appropriate to con-
sider the basic principles of System X and the reasons why
they were chosen. These principles did not arise overnight,
but evolved gradually with advancing technology. Over a
period of some years it became clear that technology offered
the prospect of new switching systems which overcame many
of the disadvantages of previous systems and which could
evolve for the future. This led to development in 3 areas:
digital switching, processor control and common-channel
signalling, which form the subject of this article.

DIGITAL SWITCHING

Eariy work by the British Post Office (BPO) on digital switching
began in the 1960s and led to 2 field trial installations of
pulse-code modulation (PCM) tandem exchanges: Empress in
19683 and Moorgate*in 1970. At that time, PCM transmission
systems were beginning to be introduced where they showed
economic advantage over earlier analogue transmission plant.

Where a number of PCM line systems terminate at a
switching node, the signals are converted back to audio base-
band and switched by electromechanical equipment, such
as Strowger or crossbar exchange equipment. However, this
switching process involves demultiplexing and decoding the
incoming signals, with encoding and multiplexing on the out-
going side of an exchange. The purpose of the Empress and
Moorgate experiments was to demonstrate the technical
feasibility and economic viability of switching the speech
while still in a digitally-coded form, which would result in the
provision of less equipment and reduce transmission loss,
noise and distortion.

Both exchanges successfully met their objective, the main
difference between them being that Moorgate was processor
controlled while Empress was not. This success, combined
with subsequent advances in technology, led to consideration
of digital switching for local exchanges, as well as for junction
and main-network switching centres. The result is that all
System X exchanges will incorporate digital switching. For
junction and main-network switching centres the switching
will be entirely digital, while in local exchanges the switching
will be digital in the route switching area (that is, after the
traffic from customers’ lines has been concentrated). Although
development is most advanced on an analogue switch for the
concentration stage, referred to as the subscribers’ switching
subsystem, work is well in hand on a digital switch for that
area too.

The calls arriving at a digital switch can be identified both

t Mr. Jones and Mr. Kirtland are in the Integrated Systems
Development Department and Mr. Moore is in the Telecommuni-
cations Systems Strategy Department, Telecommunications Head-
quarters
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in space, by the PCM system on which they are carried, and in
time, by the channel time-slot within the time-division multi-
plex of the PCM system. The function of the digital switch is
therefore to interconnect appropriate incoming and outgoing
channels in both time and space. It must be remembered,
however, that PCM systems operate on a 4-wire basis, with
the two speech directions carried separately; thus, for each
call, the digital switch has to complete 2 half-connexions,
though the control is designed to ensure this happens auto-
matically after a single set-up instruction.

Trunking

When considering the trunking of a digital switch, the designer
has a large variety of time and space switcharrangements from
which to choose. At the time of Empress and Moorgate,
the storage devices needed for time switches were slow and
expensive. The designers usually chose to minimize the quan-
tity of time switches by using a trunking scheme of the form
space-time-space. Since then, however, the scale of integration
and speed of storage devices has increased enormously, while
their cost has fallen dramatically. There has not been a
comparable improvement in space-switch devices since they
are more limited in capacity by the number of leads which a
single device can contain. The net effect has been a change in
the balance of costs in favour of time switching, hence the
digital switch in System X uses a time-space-time (TST)
trunking scheme.

The basis of a TST digital switch is shown in Fig. 1. Each
PCM line system is connected to a digital line termination
(DLT) unit, which serves to detect faults on the line system

r SPACE-SWITCH !
DIGITAL H
LINE RECEIVE | I
TERMINATION TIME- COLUMN l
unIT SWITCHES ! 1 2 3
1
: I Rnw|
: 1 . {} 11
2048 Mbit/s % I
PCM a2 1024
SYSTEM 13 ' TIME-SLGT '
— I HIGHWAYS |
b
; P N
1 2 - > 2
!
|
b4 N N |
55 i '
7, pan I
AP 9 s
- d ! ]
98 L
) ._-_......-_.-.___J
TRANSMIT
TIME- ] 2 3
SWITCHES

1 32 3 64 65 |72 98

FiG. 1—Basic structure of a time-space-time digital switch
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and to align the timing of the rcceive side of the system to that
of the exchange timing unit. From the DLT, the PCM system
is split, with the receive and transmit directions of transmission
connected to receive and transmit time-switches respectively.
Up to 32 receive PCM systems terminate on one time-switch,
that is, a total of 1024 channels. To prevent blocking within a
time switch, the highway into the space switch has 1024 time-
slots. This is achieved without operating at very high speed by
converting from serial to parallel operation and by dividing
a space-switch row into 2 segments, each carrying 512 time-
slots. The space-switch columns and transmit time-switches
are organized on a similar basis.

Consider how a connexion is made between, say, channel §
on PCM system 1, connected to time-switch 1, and channel 7
on PCM system 72, connected to time-switch 3. A received
word from channel 5 on system 1 is written into a fixed storage
location in receive time-switch 1. At some chosen time-slot
out of the 1024, the word is read out of receive time-switch 1
and passed via space-switch row I, the ringed crosspoint at
column 3, and is written into a fixed location in transmit time
switch 3. The word can then be read out of the transmit time-
switch onto PCM system 72 during the next channel-7 time.
A similar and complementary process is used to transfer a
word from the receive side of system 72 to the transmit side
of system I, via the other ringed crosspoint in Fig. 1.

The main reasons for choosing such a large number of
time-slots on the space-switch highways are to minimize the
probability of blocking within the space switch and to reduce
its physical size. To avoid the risk of losing a large proportion
of the traffic capacity if a time switch or part of the space
switch fails, the whole of the time and space switching area
is duplicated. Thus, each DLT has 2 pairs of connexions on
the switch side, one to each of the duplicated switches. A
parity bit is added to each word on the parallel paths so that
the DLT can select a valid word to transmit if there is a fault
in one switch.

Growth

Growth of the digital switch is provided by first adding PCM
systems to time switches, and then additional time switches
with associated space-switch rows and columns. As the switch
grows, so the length of each row and column increases. In a
practical design, it is therefore necessary to divide the cross-
points into modules; a module size of 32 < 8 is used in System
X. Since the space switch must have an equal number of rows
and columns, the minimum provision is sufficient foran 8 x 8
space switch, or 8192 channel terminations. However, not all 8
receive and transmit time-switches need be provided at initial
installation. The space switch grows in stages, by adding
modules, up to a maximum size of 96 x 96, sufficient for
nearly 100 000 channel terminations.

Even the minimum size space-switch is larger than necessary
for a small/medium local exchange. No physical space-switch
crosspoints are provided at all, but each receive time-switch
can be wired directly to up to 4 transmit time-switches. This
gives an effective maximum space switch of 4 x 4.

Fig. 2 shows a partially equipped System X digital switch
for a digital main-network switching centre (DMNSC) under-
goingtesting at a manufacturer’ssite. The units are mounted on
System X equipment practice, which has a significantly lower
overall height compared to earlier switching equipment. The
adoption of digital switching also results in significant savings
in floor area. Typically, a complete System X main-network
switching centre requires only about a third of the floor space
of an equivalent Strowger exchange. This requirement will fall
even further as more of the network becomes digital and there
is a reduced need for equipment to interwork with existing
signalling and transmission systems. Compared to Strowger,
the daily energy consumption of the System X exchange is
slightly higher. However, the power dissipation is constant
throughout the day, so there is a smaller peak load on the
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Note: The switch is mounted on System X equipment practice; the height of the
equipment rack is 2°2m.

F16. 2—Testing a partially-equipped System X digital switch for a
main-nctwork switching centre

(Photograph by courtesy of Plessey Telecommunications Ltd.)

power plant. The digital switch is responsible for only about a
quarter of the total power, the remainder being for the pro-
cessor, common-channe! signalling and interworking equip-
ment. Once again, therefore, the overall requirement will fall
with increasing penetration of digital working.

This description has centred on hardware aspects. The
digital switching subsystem, like various other Sysiem X sub-
systems, also includes software, which acts as a handler for the
hardware. To achieve minimum cost and optimum efficiency, a
careful balance has been struck between the functions per-
formed in hardware and in software. A description of the
software will be given in a later, and more detailed, article to
to be published in this Journal.

PROCESSOR CONTROL

The control functions of a telephone exchange (that is, how
the exchange responds to customer action) follow a unique
and clearly defined sequence. For every customer action there
is a closely defined response. In some cases, this response is con-
ditional upon information supplied by the administration.
For instance, when an ordinary customer picks up his receiver
he expects to be connected to a digit receiver and to hear dial
tone. However, before even this step has becen achieved the
exchange has implicitly decided the answer to a number of
simple questions such as

(a) 1s he allowed to make outgoing calls?

(b) has he paid his bill?

(¢) what sort of digit sender does this customer use—dial
or multi-frequency tones?

(¢) has the exchange a digit receiver of the appropriate
type free and available for use?

(e) can the exchange set up a connexion between the
customer and this digit recciver?

Depending on the answer to these sort of questions the
customer will receive either dial-tone or some other tone as
appropriate. Subsequent progression of thecall may be broken
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down to a similar sequence decision and, although there may
be many steps in the process, each step is relatively simple.

In the past, these logical operations have been performed by
a combination of relay-sets, selective grouping of types of line
using strapping on the exchange main or intermediate
distribution frames or by the use of hard-wired straps on trans-
lation fields, segregated groups of junctions, etc. These tech-
niques suffer from the disadvantage that any changes in the
operation of the exchange (for example, the general introduc-
tion of a new service or a change to the service offered to a
particular customer) require on-site hardware changes ranging
from the inconvenient to the near impossible.

Modern digital computers have the capability of handling
many tens of thousands of instructions every sccond and the
trend world-wide is to reduce the exchange control functions
to a series of program steps. These steps are stored in the
memory of one or more processors, which can then control the
operation of the switching network. [n addition to the control
program, the processor memories hold all exchange-dependent
data such as customer data, translation tables, routing and
charging information, and call records.

The most immediate effect of holding both the control
program and the exchange data in electrically alterable stores
is that the administration can become much more responsive to
customer requirements, both in terms of introducing new or
modified general services, or in responding to the demands of
individual customers. To take a simple example, to restore
service on payment of an overdue bill or td6 permit a change
from a dial instrument to a multi-frequency sender, requires
only that the appropriate entries in the customer’s data file are
amended. This can be done by typing in simple instructions
from a teletype or visual display unit. The ability of the
administration to respond rapidly and effectively to customer
requirements is likely to become increasingly important in the
future.

In some limited cases, customers can be given the ability to
modify their own data entries for supplementary services such
as on-demand call transfer and short-code dialling facilities.

A secondary advantage of having a processor in each
exchange is that information on the performance of the net-
work, traffic flow, fault situations and billing information is
readily available in machine-readable form. This allows better
control to be exercised on the overall performance of the net-
work. The computer functions are also available to assist in
the diagnosis of faults in a working system.

The allocation of functions between dedicated hardware and
software in the control processor calls for careful judgement,
as mentioned above in relation to the digital switch. In the past,
designers have sometimes tended to load too much onto
software, on the basis that dedicated hardware is costly and
inflexible in its operation. This has resulted in the processors
being overloaded with routine functions, with consequent
limitations on the traffic handling capability of the system. In
System X, a deliberate decision has been made to bias the
design towards retaining in the central control only those
functions which are intimately concerned with call handling
and the manipulation of the exchange data base. In addition,
however, there are minimal software handlers to interface to
those subsystems which consist mainly of hardware. This
policy has facilitated the use within the hardware of dedicated
microprocessors, so that relatively complex logic functions can
be performed cheaply and effectively by standard microelec-
tronic devices which are in volume production.

Two types of processor have been designed for System X,
one primarily for small to medium size exchanges and the
other for large exchanges. The units differ from commercial
computers in that they must

(a) provide continuous service even in the presence of faults,

(b) operate in a normal exchange environment without
special requirements for close control of ambient temper-
ature, humidity, dust and electrical noise,
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F1G. 3—A small processor utility being commissioned

{Photograph by courtesy of GEC Telecommunications Ltd.)

(c) be capable of extension without interruption to normal
service,

(d) operate from the standard exchange battery,

(e) use an equipment practice compatible with the rest of
the electronic exchange, and

(/) be maintainable by exchange maintenance staff.

The small processor utility (SPU) uses worker-standby
techniques to achieve continuity of service; the large processor
utility (LPU) uses a multiprocessor arrangement. However,
both units share common hardware and software techniques
and present similar interfaces to users. Both are provided with
complex operating systems which deal with the scheduling of
the work load, and they are also used to deal with faults in
either the hardware or the software of the processor. Fig. 3
shows a small processor utility being commissioned. The units
are mounted in System X equipment practice.

In concept, the software is divided into 3 parts, namely the
operating system, the applications code and the applications
data. The operating system software performs a general
utility function within the processor and deals with such
functions as storage allocation, job scheduling and overhead
control. It is also responsible for the fault detection and reco-
very mechanisms which enable the processor utility (PU) to
recover from either hardware or software faults which may
occur in service. The applications code, as its name suggests,
determines the telephony function and facilities to be provided
by the exchange, whereas the applications data area contains
all the exchange-dependent data such as routing tables and
directory number translations.

The design and structuring of the software will be the subject
of a subsequent article, but it can be said that the software is
modular, is written in an easily understood high-level program-
ming language and is capable of being readily changed in the
future if new facilities are required. In service, changes to the
generic software (that is, the operating system and the appli-
cations codes) are expected to be relatively infrequent and need
to be closely controlled, vetted and tested by the central
software authority. To assist in the management of compatible
hardware and software updates, a comprehensive change
control procedure has been established for System X. On the
other hand, changes to the exchange data (for example,
starting and ceasing lines, changing translations and charging

77



rates) can be implemented in a controlled manner from a
simple keyboard.

COMMON-CHANNEL SIGNALLING

With the advent of stored-program control of switching
systems there was a need to re-examine the form of signalling
that should be used between exchanges. In the existing net-
work, channel-associated signalling® is used in which the
signals are conveyed over the same circuits as the speech (in
the case of AC and DC line signalling and multi-frequency
inter-register signalling) or over a dedicated signalling channel
permanently associated with the speech circuit (in the case of
PCM systems$.)

When centralized control of an exchange is used, there are
advantages in conveying signalling for many circuits over a
common path because the structure of signalling information
received is more compatible with the functions within the
processor, and the need for per-circuit signalling terminal
equipment is avoided.

Other advantages which led to the choice of common-
channel signalling in System X are that

(a) it greatly increases the repertoire of signals that can be
carried,

(6) the speed of operation of common-channel signalling
increases the potential of the network to reduce post-sending
delays experienced by customers, and allows the sending of an
increased number of signals required for customer supple-
mentary services,

(c) it is more efficient than existing signalling systems from
the viewpoint of processor power needed per call,

(d) flexibility can be incorporated in the design to allow
changes to the information carried and to meet new service
requirements,

(e) it enables all signalling to be transmitted completely
inaudibly between exchanges and provides a clear delineation
between the customer signalling and control of the network,
and

(/) it provides greater independence between signalling and
transmission, enabling each to be developed separately to
take full advantage of changing technology.

Signalling Principles
Requirements

One of the main requirements for a common-channel sig-
nalling system is that it should be optimized for use over digital
bearers operating at 64 kbit/s, though it should also be capable
of use over slower speed analogue bearers; for example,
4800 bit/s. The system should permit as much commonality as
possible between different services (for example, telephony and
circuit switched data), and should be suitable for conveying
administrative information as well as call-control information.
The information should be conveyed in the form of messages,
and arrangenients must be made to ensure reliable transfer of
this information in the presence of transmission disturbances.
The system should permit operation in a non-associated
signalling mode so that the signalling may follow a different
path from the speech. Finally, adequate security must be
provided so that the stringent availability requirements can
be met.

Functional Description

The main functions of any call-control signalling system are,
firstly, the transfer of signalling information between ex-
changes and, secondly, the handling of this information as
part of the call-control processes in the exchanges. The
structure of the new signalling system is governed by the
fundamental principle that the two functions are clearly
separated. The function of transferring signalling information
constitutes the message transmission subsystem (MTS), while
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the functions related to call-control procedures form a user
subsystem that is defined separately for each user. The term
user in this context refers to any other subsystem using the
message transfer capability of the signalling system.

The separation of the functions means that the signalling
system can be used for communication needs other than cal}
control. For example, the message transfer function can be
used to convey administrative data such as network manage-
ment and maintenance information.

The resulting basic structure of the signalling system is
shown in Fig. 4. In System X, thc MTS and 4 part of the call-
processing subsystem form the telephony application of BPO
Signalling System Common-Channel No. I (SSCC No. 1).

The functional interface between the MTS and the user
subsystems is shown in Fig. 5, which illustrates the separation
of the functions of the signalling system. The information in
each user message is carried through the MTS in the signalling
information field of a signal unit, the length of which depends
on the length of the message. Data on the message length is
passed into the MTS from the user subsystem which forms the
source, and is then conveyed through the signalling system by
means of a length-indicator in each signal unit. Each signal
unit also contains a service indicator to identify the source user
subsystem. This ensures that messages arc delivered to the
correct user subsystem at the distant end. The MTS is trans-
parent to signalling information; that is, formiats and codes
applying to the signalling information field can be defined
independently of the functions of the MTS.

Error Detection and Correction

The detection of errors in signal units carricd over the MTS—
due, for example, to transmission disturbances—is performed
by means of a polynomial check of each signal unit’. A unit
carries 16 check bits which contain the remainder after dividing
the bits of the unit by a generating polynomial. At the receiv-
ing end, the signalling terminal operates on the signal unit
with the generating polynomial and the check bits. In the
absence of errors, a pre-determined remainder will result. Any
other remainder indicates the presence of one or more errors
and causes the signal unit to be discarded.

Many error-correction techniques are possible and may be
classified as either compelled or non-compelled. In compelled
systems, each message is sent repeatedly and must be success-
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fully acknowledged before the next message can be trans-
mitted. In non-compelled systems, messages may be trans-
mitted continuously so the flow of information will be interrup-
ted only when a retransmission is required. The advantage of
non-compelled systems is their greater traffic throughput.

Retransmission techniques are classified with regard to the
type of acknowledgement used. In a positive-acknowledge~
ment $ystem, a message is not assumed to have been received
correctly until a successful acknowledgement is received at the
transmitting end. Failure to receive an acknowledgement
within a given period initiates a retransmission. In a negative-
acknowledgement system, a message is assumed to have been
received correctly unless a negative acknowledgement is
received. Receipt of a negative acknowledgement initiates a
retransmission. After a specified period, messages are removed
from the retransmission store.

In a combined positive- and negative-acknowledgement
system, each message is acknowledged as having been received
correctly or incorrectly. This technique provides a more
explicit control of retransmission and, under high error rate
and link change-over conditions, is considered to be more
secure.

The error-correction method selected for the MTS is termed
non-compelled, positive/negative-acknowledgement cyclic re-
transmission. At the transmitting end, signal units that are
sent are also stored in a retransmission buffer until a positive
acknowledgement is received. At the receiving end, when a
signal unit has been received in error a negative acknowledge-
ment is sent to the transmitting end. All signal units received
after the one that was in error are discarded until the originally
incorrect one is received correctly. When the negative ac-
knowledgement is received at the transmitting end, all signal
units in the retransmission buffer are retransmitted cyclically.
The precise method of operating this arrangement will be
described in a later article. This retransmission procedure is
designed to minimize out-of-order messages, duplication of
messages, lost messages and unrequested retransmissions. The
first 3 factors simplify the procedures of the user subsystems,
while the last factor avoids unnecessary loading of the signal-
ling system.

Signal Unit Delimitation

As thesignal unit may vary in length, depending on the amount
of information in a message, the signalling system includes a
means for delimiting the signal units; that is, marking their
ends. This is achieved by placing a flag pattern at the start and
end of each signal unit, although the flag at the beginning of
one signal unit may be considered as the end flag of the
previous signal unit. The flag is 8 bit long and is coded
01111110,

Before the flags are attached, the transmitting terminal
inserts a zero after every sequence of 5 consecutive ones to
ensure that the flag is not imitated by any other part of the
signal unit. At the receiving terminal, after flag detection and
removal, each zero which follows 5 consecutive ones is re-
moved. The signal unit is then checked for errors as described
above.

Security

Common-channel signalling may carry signalling information
for many hundreds of traffic circuits, so it is essential that the
signalling facility operates with high availability. This is achiev-
ed in SSCC No. 1 by sharing the signalling traffic load over a
number of signalling links. In general, 2 signalling links are
provided between any 2 exchanges, though up to 4 may be
used where operation is at 4800 bit/s over analogue circuits.
The signalling load is shared between the signalling links on a
traffic circuit basis; hence, under normal conditions, signalling
for each traffic circuit is carried over a predetermined signal-
ling link.

Should one signalling link fail (for example, its message
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Exchange A serves as signal transfer point for signalling from B to C
and B to LAC.

FiG. 6—Modes of operating common-channel signalling

error-rate becomes unacceptable) new signalling traffic for
the circuits concerned is diverted to a working signalling
link. In addition, signalling messages which were in the course
of being sent over the failed link are retreived and transferred
to the assigned back-up signalling link. Upon recovery of the
failed link the signalling traffic distribution is normalized.

Modes of Operation

Due to the nature of common-channel signalling it is possible
to send signalling for a traffic circuit either directly between the
2 exchanges at which the traffic circuit terminates or via
intermediate exchanges. The former is termed associated
signalling and the latter non-associated signalling. Various
degrees of non-association are possible. The method adopted
for part of the UK network is termed guasi-associated signal-
ling, in which the path taken by each signalling message is pre-
determined and depends on the identity of the traffic circuit. The
modes of operation are illustrated in Fig. 6. Each message
includes a ‘“‘label” which, in the case of call-related messages,
identifies the traffic circuit to which the signals refer. The label
contains a band number and a circuit number. The former is
used to determine the path the message is to take and is trans.
lated at a signal transfer point to a value which identifies the
traffic route concerned at the terminating exchange. The
signal transfer point does not process the signalling informa-
tion, but merely transfers the message to the appropriate
outgoing signalling link.

Applications of Common-Channe! Signalling

Besides the technical advantages of common-channel signal-
ling, there are very considerable benefits in space and power.
MTS equipment is provided at a rate of about one rack per
1000 traffic circuits, which is less than one tenth of the equip-
ment required for interfacing circuits with channel-associated
signalling. The power dissipation is reduced to approximately
one fifth. Thus, there is a clear incentive to use common-
channel signalling on a widespread basis.

SSCC No. 1 will be used between System X exchanges in the
main and junction networks, operating at 64 kbit/s wherever
possible. In the main network, the associated mode of opera-
tion will generally be used. In the junction network, each
System X local exchange will be provided with common-
channel signalling to its parent DMNSC. Signalling for small
direct routes between local exchanges, and for direct routes
where digital plant is not available, will be carried via the
DMNSC in the quasi-associated mode. SSCC No. 1 will also
be used to connect System X exchanges to the local adminis-
tration centres (LACs) and, for this purpose, an adminis-
tration user subsystem is being developed, as part of the man-
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machine interface subsystem.

International Aspects

Work is in progress in the CCITT t to specify a new common-
channel signalling system for use between digital processor-
controlled exchanges. The system is called CCITT
Signalling System No. 7 and is being spccified with the aim of
making it suitable for national as well as international appli-
cations. The CCITT SS No. 7 specification will be ready by
the end of the current plenary period (1980) and the BPO have
been active in the studies and specification writing.

The objective in designing SSCC No. 1 has been to make it
as similar as possible to the emerging CCITT SS No. 7. As
development of SSCC No. 1 has been undertaken in advance
of the international studies there are inevitably some detailed
differences. In general, however, the nature of the differences is
such that when the CCITT SS No. 7 specification is ratified in
1980, then SSCC No. | may be brought into line with the
international standard.

t CCITT—International Telegraph and Teiephone Consultative
Comimittee

Book Review

Electronics in Communication. S. Lapatine. John Wilcy &
Sons Ltd. x + 341 pp. 192 ills. £10-00.

This book was written as an introduction to radio and micro-
wave systems. The chapters cover the following main topics:
introduction to communications; radio-frequency (RF) coup-
ling, filters, amplifiers and oscillators; amplitude modulation
(AM) and frequency modulation (FM); AM & FM receivers;
transmission lines; waveguides and devices; active microwave
tubes; VHF & microwave antennas; and miscellaneous com-
municationssystems. Two appendices areincluded: onedefining
‘constant-k’ and ‘m-derived’ filters, the other explaining the
construction and use of the Smith Chart.

The author commenced each chapter with a list of the
principal items to be covered and poses a number of self
evaluation questions. At the end of each chapter the principal
items are summarised, together with more self evaluation
questions and, where relevant, some numerical problems.

The book was very easy to read and understand, but there
were occasions when confusion arose due to either poorly
labelled or drawn diagrams, as was the case in the sections
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CONCLUSION

A brief description has been given of 3 of the underlying
principles of System X: digital switching, processor control,
and common-channel signalling. Besides outlining the reasons
for adopting these principles, the aim has been to serve as an
introduction to the reader who is less familiar with these
concepts. From this basis, future articles in this Journal will

deal with these and other aspects of System X in considerably
more detail.
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concerning waveguides and pulse position and pulse duration
modulation. There are also some irritating instances of the
author withholding useful pieces of information, such as the
reference to constant-k filters being ‘improved’ by using
m-derived sections, It would not have taken much text to
have indicated just what improvements were possible.

There is a wide range of topics in both the RF and micro-
wave sections, some of which have not been given attention
in the past. For instance, stereo transmission and telemetry
are included, but there is one noticeable shortfall; the double
heterodyne receiver warranted only one sentence and a block
diagram.

The author did not intend to give an in-depth study of the
subject, but a very broad introduction, and on balance this
has been achieved very well. The book should make a useful
aid to students of the City and Guilds of London Institute
subjects of Radio Communications and Microwave Com-
munication C, those studying Radio and Line Transmission B
and to those wishing to get a broad appraisal of radio and
microwave topics.

D. J. Brace
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Reliability of Electronic Components:
Results of the Field Trial of the Regenerator 5A

F. H. REYNOLDS, PH.D., BSC.(ENG.), F.I.E.E., F.INST.P., and J. W. STEVENS, m.A.

UDC 621.38.004.6—181.4: 621.395.34

The reliability of the Regenerator 5A and its components, which include a metal-oxide-semiconductor
integrated circuit, have been monitored during a three-year field trial of over 6090 units. Analysis of the
results reveals that the reliability of the electronic regenerator is vastly superior to that of its electro-
mechanical predecessor, the Regenerator 1A. Failures of the integrated circuit occurred however due to
corrosion of the aluminium interconnexion tracks arising from a period of defective component manufacture.
The need for procurement to assure adequate component standards reliability is thus emphasized.

INTRODUCTION

The crucial and essential role of integrated circuits (ICs) in
new generation telecommunications equipment, be it for
switching, transmission, or apparatus on subscribers’ premises,
is now widely recognized, but before that era truly dawns,
these remarkable components will have done much to improve
the UK network as it is structured today. Among ICs of low
or medium complexity for example, some 2-million diode-
transistor logic parts are presently operating in 24-channel
pulse-code modulation systems (the oldest for 8 years), there
are now about 3-million low-power transistor-transistor logic
circuits and half a million operational amplifiers in minia-
turized type AC9 signalling equipments, and approximately a
quarter million transistor-transistor logic parts are deployed
in modems. Within the large-scale-integration (LSI) category
—albeit small LSI by today’s standards—nearly half a million
p-channel metal-oxide-semiconductor (MOS) parts are used
in keyphones, and another 200 000 perform the logic func-
tions of the electronic Regenerator SA; distinguished as the
first equipment in the world to introduce LSI parts into a
Strowger system.

The Regenerator SA, which was recently described in this
Journal', is a plug-in replacement for the long-serving
electromechanical impulse Rcgenerator 1A2, an ingenious
magnet-driven mechanism which, nevertheless, requires very
careful repair or adjustment about every 6 months, or even
more frequently under heavy load; as an auto unit in a busy
exchange, a regenerator may handle up to 100 000 calls/an-
num, and over three times as many when performing the
discriminator function. The Regenerator 5A, containing no
moving parts (except for one reed relay) was, by contrast,
expected to be insensitive to loading and attain a target mean-
time-between-failures (MTBF) of 30 years at, moreover, a
lower initial cost.

Being an innovation, a ficld trial, spread over 24 widely-
distributed exchangcs, was started in August 1972 to determine
the reliability of the regenerator and its components. The
sample comprised 6628 units of a Mark II version, which
contained only one MOS IC instead of the two used in the
original Mark 1 design'. The outcome of this exercise in
respect of the active components of the regenerator has been
reported elsewhere?, featuring data-analysis methods, failure-
rate predictions and describing a significant failure mode of
the IC caused by corrosion of its aluminium interconnexions.
These results are now reproduced in abridged form, together
with further observations, which include the effect of the
regenerator operating circumstances and a summary of the
behaviour of the remaining regenerator components.

t Research Department, Telecommunications Headquarters
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REGENERATOR COMPONENTS

The heart of the electronic regenerator is a single p-channel
metal-gate MOS 1C, purpose-designed in 4-phase dynamic
logic* using rules based on 10 pem line widths and separations,
and driven by 28 V clock pulses. The circuit die, comprising
over 1000 transistors, is some 10 mm? in arca, dissipates about
2 mW, and is enclosed by an hermetic, welded-nickel, 14-lead,
TOS-type encapsulation. The TCs were processed, from
common photolithographic mask designs, by two sources of
different ownership, one greatly preponderating, the dates of
manufacture ranging from early-1972 to late-1973. Although
the process may now be considered obsolescent, it was at that
time widely reproduced throughout the world-wide semi-
conductor industry and is still committed to new applications
in the UK network. Some minimal procurement requirements
were applied to the MOS circuits, supplemented by a 24 h
burn-in at 85°C (with the clock pulses applied) prior to
assembly.

The regenerator also contains 13 silicon transistors of
4 different types, 10 being acquired to early BPO specifications,
with the remainder having C¥-type codes. The passive com-
ponents comprised 26 silicon diodes, 36 metal-oxide resistors,
9 capacitors (7 metallized polyester, one polystyrene foil and
onge solid-aluminium electrolytic), 2 inductors, and a mercury-
wetted reed-relay, regarded as one component with its coil.
Most of the components were mounted on a printed-wiring
board, with the entire assembly housed in a steel box and
plugged into the relay-set at precisely the location of its
electromechanical predecessor.

LIFETIME DATA COLLECTION

The history of each regenerator was recorded on a punched
card, raised when the unit was initially examined for correct
operation on an exchange tester. If accepted, the regenerator
was checked again, in its relay-set, and if still satisfactory,
card entries were made identifying, the exchange, the physical
location of the regenerator in the equipment rack, whether it
functioned as an auto or a discriminator unit, the day of
installation, and the date and reason for any subsequent
removal of the unit from its relay-set. If a unit failed, it was
returned to the equipment manufacturer who identified the
component primarily responsible (wherever possible) and
completed the record with the essential particulars of the
failure mechanism, although a full explanation, or even a
partial diagnosis, was not always possible.

Some failed regenerators were actually repaired and
returned to service, but the information subsequently gained
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TABLE 1
Pre-Service and In-Service Regenerator and Component
Failure
\ Number of Failures
Failure
Observation At After

Initial Insertion In-
Item Test into Scrvice
Failing Relay-Set
Regenerator 53 23 |—360

- - — —- -—~1P I —

MOS integrated circuit S 0 164
Transistors 7 2] 75
Diodes S 0 12
Resistors 1 0 17
Inductors 7 0 H
Capacitors 1 0 0
Reed relay 6 0 3
Assembly (wiring) 18 2 29
Fault not found 4[ 3 0 49

is excluded from the present account. The analysis is also
restricted to the first 1003 d of the trial, measured from the
first installation dayt.

Before analysing the records, the cards were inspected for
omissions and inconsistencies, but the data on only four
regenerators had, in consequence, to be discounted. Of the
remainder, the 76 that failed the pre-service tests are not
properly relevant to the reliability of the regenerator but
before dismissing them a breakdown of the responsible
components is given in Table 1. The initial test failures were
not cvidently due to any one component. No component was,
moreover, dominated by any distinctive fault, except perhaps
the reed-relays which mostly failed from open-circuit windings.
All the transistor failures occurring after insertion were satis-
factorily ascribed to a preliminary accidental misalignment of
the regenerator plug with the relay-set socket, causing 50 V
to be momentarily applied to the cmitters of two of the
transistors. These failures were distributed over just half the
exchanges, with none significantly more affected than the
remainder. After making the above exclusions, the data on
6548 regenerators remained available for analysis.

DATA ANALYSIS

The popular barh-tub’: ¢ characteristic, depicting the supposed
trend of the fiilure rate of a system or component, is a
frequent starting point for reliability studies. Burn-in pro-
cedures (as used for the MOS circuit in the regenerator)
assume, for example, an early region of high failure rate,
whilst the use of failure-rate formulae, or failure rates given
in component handbooks’'8, presupposes the existence of a
flat-bottomed curve. Failure mechanisms that induce a wear-
out behaviour are also known in semiconductor componénts
(notably in a plastic encapsulation). In the present exercisc,
the stipulation of the regencrator MTBF was clearly based on
an expected constant failure rate, the relation being®
9
MTBF = --- lO_ —- h,
failure rate

where the factor 10° is introduced to express the failure rate
in firs*.

The implication of a failure-rate curve is the existence of a
system or component population having a lifetime distribution
describable by a frequency density function'®" which enables

t The trial actually continued for 1248 d, but with less compre-
hensive records

* A fy (failure uni?) is a failure rate of one component per 10°
component-hours, and is preferred to the more familiar, but
clumsy, unit of %/1000 h. Thus 100 fits = 0-01 %1000 h
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the fraction of the lifetimes in any given incremental range t
be expressed. When only a few lifetimes are known from a te:
or field sample, it is not possible to identify the populatic
distribution so it is customary to assume, without justi
cation, that the operative {requency density function is o1
giving a constant failure rate, corresponding to the fla
bottom region of the bath-tub curve. In the present exercis
however, the lifetime yield for the regensrator and some of |
components is comparatively large, permitting the popuiatic
lifetime distribution to be properly identified. Among tI
more useful products of the resulting modcl, are predictio
of the percentage cumulative failures and rate of failure th
would be observed at any time on another sample from t
same population, assuming the items are pressed into servi
simultanzously.

Considering first the lifctime distribution for the regenerat
itself, each record revealed either, its liferinte, or its operati
time without failure known as its censoring time. Due to t
distributed dates of entering service, the lifetimes and censc
ing times intermingle when ordered from smallest to large
Sample data in this form is said to be multiply-censored.

If the distribution for one particular comporient is sougl
its lifetimes arc known at oncc from the rcgistcred causc
regenerator failure, but the failures due to other componer
become additional censoring times. Similarly, if the lifetir
distribution for the failure of a component by one or mc
specified causes is desired, the lifctimes duce to the oth
causes also have to be censored. Whatever data selection
made, the sample data is thus multiply-censored, to whick
standardized method of analysis can bc applicd, outlin
bricfly as followst t.

First, the forin of the lifctime distribution is postulated, t
from past cxperience of electronic cquipment and componen
only the lognormal and Weibull distributions nced be cc
sidered. Both are characterised by paramcters, which are th
estimated by the maxinuun-likeliood method, involving
iterative procedure easily implemented with the aid of
computer. Finally, a statistical test —the ¥ rest12—is appli
to check the validity of the model+t.

If neither distribution is validated by the above procedu
it may be that the lifetimes are himodally distributed,
opposed to being single-inoded; in other words, each por
lation member may belong to one of two distinct dist
butions. Estimating all four parameters, as well as 1
fraction of the population members belonging to cach dis
bution, is then more difficalt, but is sti'l achievabie by t
maximuni-lik-:lihood method.

When the nuinber of lifetimes in the multiply-censored d
is small, say less than 20 (and certainly less than 10), the fo
going procedure is not justifiable and recourse must be m:
to the constant-failurc-rate assumption which is equivalent
postulating an exponential population lifetime distributic
with the failure rate determinable at an upper confidence lit
from the number of failures and total operating houis'3.

Reliability Performance

Almost 120-million regenerator-hours were accumulal
during the trial period surveycd. The in-service summi:
statistics in Table 1 show that a tota) of 360 regenerat
failed during that period, 282 being dcfinitely due to co
ponents, with 164 attributed to the MOS IC and 75
transistors. Relatively few passive components failed, ct
sidering the large number deployed.

Unless indicated to the contrary, it can be assumed that:
lifetime distributions that follow were adequatcly validated
the %2 test.

1t Refcrences 10 and 11 review most of the theory and methe
employed, and reference 11 includes nearly 50 further references
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FiG. 1—Observed failure characteristics of regenerator and its components
Regenerator Integrated Circuits

Forthe regenerator lifetime distribution, a bimodal-lognormal
model was accepted, yielding the cumulative failure plot
shown as curve (@) on Fig. 1(a). The curve shows, for example,
that if the regenerators of a batch were installed together, the
time for 5%, failures—called the 5% reliable life—would be
about 2 years, whilst approximately 129, would fail in
20 years.

From the model, the failure rate can be calculated as a
function of time; the result, given by curve (a) of Fig. 1(b),
implies very high early valucs, falling to about 4000 fits at
6 months and reaching 300 fits after 20 years. For a varying
failure rate, the MTBF has little meaning, so the regenerator
performance is not easily measured against its 30-year target;
one can only speak of an “instantaneous MTBF", using the
formula given earlier. On this interpretation, the regenerator
MTBF lengthened continuously, requiring about 6 months to
reach the target and rising to about 400 years after 20 years.
As an alternative approach, average failure rates can be found
using the model, choosing, say, from installation up to
6 months, and from 6 months to 20 years and regarding the
outcome as simple expressions of short- and long-terin
reliability. The resulting average failure rates are shown in
the first entry of Table 2, indicating that the settled MTBF of
the regenerator is about 200 years.

TABLE 2
Mean Failure Rates for Active Components
Average Failure Rate (fits)
Item
up to 6 months
6 months to 20 years
Regenerator 6600 - 570
MOS integrated circuit 3500 150
Corrosion-free MOS circuit 1100 130
Transistor 85 12
Attack-free transistor 35 5
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Of the 164 MOS IC failures in service, summarized in
Table 3, 139 were the product of the major supplier and, of
those, corrosion of the aluminium metallization accounted
for 90. A similar defect was identified on 9 of the 25 failures
amongst the paits processed by the other manufacturer.

On an unfortunatcly large number of failed circuits, the
fault could not be found, either electrically or physically, but
the cause was probably not corrosion, which was rather
easily detected as seen later. Of the remaining, positively-
identified causes of failure, the most prevalent is shown on
Table 3 as parameter shift, which is, however, a sunposition
based on the observation that the maifunction was sensitive
to a clock-zero level. The oxide defect refers to pin holes in
thin gate oxide and, of the metallization faults (excluding
corrosion), one appeared to be an example of electromi-
gration'4.

For the MOS circuit, a lognormal-bimodal model was
again validated; the cumulative failure plot, curve (b) in
Fig. 1(a), indicating that the 29, reliable lifet is just over
1 year. The failure rate, curve (b) of Fig. 1(b), remains at
about 10000 fits for the first month, but thereafter falls

TABLE 3
Causes of MOS IC Failure in Service

Cause of MOS IC Failure in Service

Number of Failures

Metallization corrosion 99
Parameter shift 9
Oxide defect 7
Metallization defect 4
Threshold voltage shift 1
Missing bond i 1
Fault not found ’ 43
TOTAL 164

1 The 29, reliable life is often quoted for telecommunications
components

83



TABLE 4
Causes of Transistor Failure in Service

Cause of Transistor Failure in Service | Number of Failures
o Chemical attack 26. o
Surge damage 25
High leakage 6
Bond defect ]

Metal whisker 1
Fault not found 16

TOTAL 75 B

TABLE 5

Failure Rates for Passive Components Assuming an
Exponential Model

Average Failure Rate (fits)
Component
up to 6 months | beyond 6 months

Diodes 920 4
Resistors 840 4
Inductors 15 000 34
Capacitors 2

Recd relay 56

steadily, going below 1500 fits at 6 months and taking 20 years
to fall to the 100 fit lcvel.

In the course of the bimodal analysis of the lifetimes of the
MOS circuit, the two constituent distributions were identified
as one, comprising 1-6% of the population, which would
ultimately fail due to metallization corrosion, the other being
the remaining fraction failing for all other causes. The (single-
mode) cumulative failure plot for all other causes is also
given on Fig. 1(a), as curve (c), showing that, if the corrosion
phenomenon had not existed, the 29, reliable life of the MOS
circuit would have becen increased to about i0years. The
corresponding failure-rate plot of Fig. 1(4), curve (c), com-
pared with curve (&), shows clearly how this failure mode in-
creases the failure rate by 34 times over the first 6 months,
and then persists for several years. The curve indicates that the
median lifetime of the corrosion failures (the 509; reliable
life) must be quite short, and is indeed approximately 3
months (compared with a million years for failures due to the
remaining causes).

Calculations of the average failure rates, below 6 months
and from 6 months up to 20 years, as shown in Table 2, also
emphasize the early impact of the corrosion phenomenon.

Published results, with which the forcgoing failure rates
can be compared, arc hard to find and, if derived from
laboratory tests (which is inevitable unless the sample size is
comparable with that of the present study), the calculations
are always open to question. Values from 50 fits up to 3 orders
of magnitude greater were being quoted'S for contemporary
MOS circuits, whilst a calculation using the current MIL-
HDBK-217B formula’ yields about 43 000 fits. It is possible
to conclude only that the reliability of the regenerator IC
is at least as good as that of others of its generation.

Transistors

Of the transistors, for which the failure causes are given in
Table 4, a total of 25 appeared to be damaged in a manner
resembling that caused by faulty insertion as mentioned
earlier, with the same two transistors in each unit affected.
There was again no evidence of any one exchange exhibiting
an exceptionally large failure total.

Not being genuine failures, the lifetimes arising from
damage were censored, but in doing so, it was noted that they
were quite widely distributed and if not excluded, would have
added some 20 fits to the transistor failure rate at all times.
On the evidence, therefore, these transistors suffered from a
damage-inflicted loss of long-term reliability.

The remaining transistor lifetimes satisfied a Weibull
distribution showing, by the cumulative plot of curve (d),
Fig. 1(a), that the 2% reliable life is well beyond any normal
equipment lifetime. The transistor failure rate, shown as
curve (d) on Fig. 1(b), again falls steadily, dipping below 40 fits
in 6 months and reaching down to 7 fits in 20 years. There was
no clear evidence that any one transistor was less reliable than
the others, although the CV transistors, as a group, suffered
significantly more failures than those bought to BPO specifi-
cations. The reason for this disparity is not known.

The failure mode termed chemical attack in Table 3, refers
to a gross defect due to the ingress of plating solution into
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Values are to upper 90°%; confidence leve!l

the transistor encapsulation during manufacture, which mani-
fested itself in high leakage currents and bond wires corroded
through their full section. Analysis showed that about 0-4 %
of the transistor population would ultimately fail for this
cause with a median lifetime of about 11 weeks. If the life-
times due to attack are also censored, there remain scarcely
enough failures for a proper analysis, and the outcome—from
the ¥? test—has only a 3% chance of being valid. The
cumulative failure and failure-rate plots have, neverthcless,
been added to Figs. 1{a) and 1(4) as curves (e).

These results, and the mean values of failure rate shown in
Table 2, emphasize that silicon transistors can be very reliable
indeed, a conclusion well supported by other ficld exper-
ences'S 17 where values in the range 5-50 fits appear for low-
or medium-power components.

Passive Components

The failure-rate totals for the passive components, recorded
in Table 1, permit only an assumption that the exponential
model is valid. An inspection of the lifetimes for the diodes,
resistor and inductors (for which the failures were sufficiently
numerous) suggested, however, that their failurc rate also
tended to fall with service time. To provide a simple expression
of this trend, lifetimes shorter and longer than 6 months
were separately counted and taken with the corresponding
component-hour totals to give the estimatcd average failure
rates shown in Table 5. For the relays and capacitors, only a
single estimated value could be determined with the outcome
also given in Table 5. There were no especially notable
causes of failure, although most of the defective resistors
appeared to have suffzred electrical or mechanical damage
and the inductors were generally open circuit. Both high-
leakage and short-circuit failures were observed amongst the
diodes.

The observed failure rates are somewhat high (the inductors
especially) relative to values quoted in the literature. The
failure ratc of metal oxide rcsistors is often better than 1 fit
and diodes can be in the 1-2fit range. The capacitors, in-
cluding the electrolytic (actually 7 fits) are quite typical.

Reliability Sensitivities

Theforegoing estimations were based on thzentire regenerator
sample. Similar analyses could be carried out for, say, each
exchange (wherever there were sufficient failures), but the
results would be of minimal interest. Instcad, it would be
useful to know if the reliability of the regenerator and its
components is influenced by the exchange identity, shelf
position or regenerator function (auto or discriminator) but
these questions are answerable statistically only if every
regenerator deployed had an equal chance of being assigned
to the location or function under scrutiny. In respect of the
allocation of regenerators to exchanges, this condition is not
satisfied, as will be appreciated after reading the next section.
It is, however, possible to examine the hypotheses of Table 6,
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TABLE 6

Influences of Shelf Position and Regenerator Function on
Regenerator and Active Component Failures

Hypothesis | Conclusion
R T AT B0 e ey =
Docs the rcgenerator shelf position
influence the failure of the:
regenerator ? No
MOS I1C? No
transistors? Yes (16%)

Docs the regencrator function

influence the failure of the:
regenerator?
MOS IC?
transistors ?

Yes (5%)
No
Yes (-<1%)

Figure in parenthesis arc significance levels, indicating the chance of a false
positive judgement

using the x° lest, to comparc obscrved failure totals with
corresponding cxpected figures calculated from the lifetime
models already cstablished. Other propositions could also be
formulated (for the remaining components), but there are
insufficient failures for valid tests.

Of the components examincd, Table 6 shows that the
reliability of the MOS circuit is influenced neither by its shelf
position, nor by the regenerator function. As the local
ambient temperature at the top of the equipment rack can
be as high as 65°C, an cnhanced failure rate for MOS ICs on
the upper shelves was possible but, as noted in the next
section, the corrosion phenomenon should be decelerated by
increases in ambient temperature. The transistors are possibly
sensitive to position but, almost certainly, to the regencrator
function with (as the data showed) an inferior reliability in
discriminator units. The regenerators themselves are also less
reliable when operating as discriminators, partially reflecting
the transistor influence. No reason for this functional sensi-
tivity can be advanced.

METALLIZATION CORROSION

Being the dominant cause of regenerator failure, the MOS
circuit corrosion phenomenon was selected for further study,
This attack was always highly selective, favouring metal at a
negative potential relative to the substrate die, as shown by
the typical image of Fig. 2. Quite often, only regions overlain
with protective glass were affected, as is apparent from an
inspection of the bottom-left bonding pad, where the glass has
been removed to allow the wire bond to be made.

From the literature'® !9, it appeared that an analysis of the
encapsulation atmosphcrc would help to explain the phenom-
enon, but most of the specimens had been dismantled in the
summary investigations to identify the primary cause of
failure, Nevertheless, a total of 32 failures, processed by the
major supplicr, were located, some from service or burn-in,
with others of unknown history, but they all bore manu-
facturing date codes within the period under review.

Semiconductor component manufacturers often check the
hermeticity of encapsulations by pressurizing them in helium,
followed by their transfer to a vacuum chamber equipped
with means for detecting the emergence of any injected gas,
but this method is not highly sensitive. By refining the pro-
cedure, notably by puncturing the encapsulation when located
in the vacuum chamber, it was possible to detect leaks as
small as 5 % 10~ " millibar-litres/st and, at the same time,

t A typical manufacturing specification, just within the range of
commercial leak-testing equipment, is 5 x 10 -7 millibar-litres/s
maximum
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CORROSION

FiG. 2— Corner of MOS IC die showing corrosion of aluminium
mctalliziation

e Encapsulated moisture and date ot manufactare
of MOS IC having no coreosion

3 & Encapsulaten moisture and date of manufacture
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F1G. 3—Relation of encapsu’ated moisture 1o date of manufaciure
of MOS {C and the occurrence of mcetallization corrosion

determine the amounts of the various gases in the encapsu-
lation. For water vapour, the lower detection limit was 0- 01 9/

The examination revealed that all the specimens werc
hermctic and that the most prevalent impurity of their pre-
dominantly nitrogen content (the original encapsulating gas)
was water vapour, which correlated with corrosion and the
date of manufacture as in Fig. 3. Whilst the non-random
nature of the sample examined must not be overlooked, the
evidence suggests that the primary causc of the metallization
problem was a deficient manufacturing period when the
water-vapour content of the encapsulations from the principal
supplier was disposed to excced a critical level, sccmingly of
about 0-5%. At other times, however, thc moisture content
could clearly be very close to this level.

Because the relative humidity inside an hermectic encapsu-
lation rises with falling temperature, there is a good reason
to expect that, unlike most semiconductor componert failure
mechanisms, metallization corrosion is accelerated by low
ambient temperatures. This correlation is believed to explain
the increasc in reported corrosion failures over the recent
years, when IC dissipations have steadily fallen.
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CONCLUSION

As a comparative study of the electromechanical and elec-
tronic solutions to a problem, the results need no emphasis:
the trial was an indisputable success and has led to the supply
contracts already reported!. The superiority of the electronic
item was moreover realized using components of little more
than ordinary commercial quality.

For electronic equipment in many new systems, however,
particularly where ICs are used extensively to realize functions
not otherwise practicable, the obscrved reliability of the
MOS IC would have been quite inadequate, at least over the
first few years. It is tempting to dismiss the aluminium
corrosion phenomenon as a mere manufacturing aberration,
but parts from both manufacturers were affected. Corrosion,
for one of several possible reasons, is moreover one of the
principal failure modes of present-day low-power ICs. Viewed
broadly, no reason is seen why the results should not be
regarded as characteristic of the standards of procurement
and manufacture adopted. Raising those standards, especially
by adequate component procurement specifications, as have
been described??, is seen as the primary route to improved
reliability.

Three other broad conclusions may be drawn. Firstly, in
terms of the bath-tub curve, the failure-rate trends were
downwards and are predicted to continue in this way for a
period within which the electronic regenerator is likely to
become obsolete, so the term infant-mortality, as applied to
that region of the curve, hardly seems appropriate, and the
flat bottom region does not appear. Recalling the wear-out
segment of the bath-tub curve, serves as a reminder that a
field study of less than three years’ duration cannot be
expected to expose long-term risks, which is one reason why
a good procurement specification will include an element of
accelerated testing.

Secondly, the excellent reliability attainable from semi-
conductor components has been demonstrated, but on a
package-by-package comparison, the passive components
are better still. Put another way, the intuitive feeling that
there should be a general tendency for reliability to decrease
with increasing component complexity is confirmed.

Finally, the raw data used for the exercise, even with a
substantial content of faults-not-found, is much more compre-
hensive and authentic than is usually available from tele-
communications systems. If, as believed, useful information
for manufacturers, designers and maintenance personnel has
in consequence emerged, it may be concluded that a consistent
policy ‘of accumulating ficld returns could have cnduring
benefits, provided that the data is gathered with similar care
and in comparable detail.

Book Review

Electrical Safety Engineering, W. Fordham Cooper, B.sc.,
C.ENG., F.LE.E., F.I.MECH.E. Butterworth. 366 pp. 125 ills.
£15-00.

Much of this book considers advanced electrical theory
involving higher mathematics and is, therefore, more suited
to the specialist electrical safety expert, or designer, than the
run-of-the-mill safety officcr who covers electrical safety as
part of his rcsponsibilities. Neverthelcss, it contains a good
deal of useful safety information, which would be of con-
siderable use to safety officers and, as the author was formerly
HM Electrical Inspector of Factories, it can be considered
as an authoritative work.

The author’s use of ‘“‘condenser’ instead of ‘“‘capacitor” is
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irritating, and there are a considerable number of printing
errors, particularly in the early chapters. It is surprising that
the chapters covering fire and explosion hazards contain no
mention of halons for fire fighting or rendering hazardous
atmospheres inert. The physiological liinits quoted for the
effects of clectric shock on the human body are somewhat
higher than those currently being considered by the Inter-
national Electrotechnical Commission.

The book is a useful addition to the safcty armoury,
particularly for engincers designing or controlling power
equipment, and is recommended as an addition to any
technicatl library.

W. F. SEARLE
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Submarine Cable Systems:

A Review of their Evolution and Future

A. P. DAVIESt

UDC 621.315.28

This article reviews the progress that has been made in submarine cable technology in the last 25 years

or 0.

INTRODUCTION

That submarine cable systems have achieved a remarkable
standard for equipment reliability is renowned: nothing in
this modern technological world has attempted, or needed,
to meet the high probability of survival for effective service
for over a quarter of a century as has been built into the
manufacture of the undersea cable and its associated ampli-
fiers. The only detraction from excellence of performance has
been interference by fishermen.

Much is made of the statistics relating to equipment
survival in all aspects of present-day electronics and, even in
the submarine cable field, the requirements for components in
terms of mean time between failures (MTBF) and failure
rates (in fit)* are sometimes used. However useful and
necessary these statistics may be in some fields of tele-
communications, they have little meaning for the submerged
repeater. Except perhaps for active devices like transistors,
which can be subjected to controlled overstress and the
failure rate predicted by extrapolation, no demonstration can
be given that a component has met a probability of survival
target. The innovators of the submerged repeater, some
25-30 years ago, both in the British Post Office (BPO)
Research Department! and the Bell Telephone Laboratories
(BTL) of the USA?2, were certainly not basing their work on
failure rate predictions. And the situation has not changed
today because recently, in 1978, R. L. Easton of BTL pub-
lished? succinctly what is the real situation when he wrote
‘there is no way to prove ahead of time that this level of
reliability has in fact been reached, but the indications are
that we have achieved it in previous systems and . . . in the
year 2000 it will be clear that the new system is as reliable as
we tried to make it’.

We now know that the decisions made 25 years or so ago
were correct, for both the first transatlantic cable system
(TAT 1) and the Aberdeen-Bergen cables (laid in 1954) have
now exceeded their planned operational life of 20 years,
showing that both the American and British technologies
arrived at correct decisions on component reliability.

TAT 1 was withdrawn from operational service in Novem-
ber 1978, not through any malfunction of its repeaters but
because design evolution has rendered its low circuit capacity
uneconomic to maintain. This, then, offers an appropriate
time to review the significant progress that has been made in
submerged cable technology since TAT 1 came into operation
in 1956, to consider those influences which have detracted
from complete success, and to conject wherein lies the future
for this form of transmission media—indeed, has it a future?

+ Network Planning Depagtment, Telecommunications Head-
quarters

* A fit (failure unit) is a failure rate of one component per 109
component-hours, and is now preferred to the more familiar unit
of /1000 h; thus 100 fit = 0-019,/1000 h
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A REVIEW OF BRITISH SUBMARINE CABLE
SYSTEM EVOLUTION

The evolution in circuit capacity in the 2 decades since TAT 1
has been remarkable, but most apparent in the last decade.
From 1956 to 1965, the UK designs had only doubled their
capacity from 1 to 2 supergroups, whereas from 1966 to 1976
the systems available for use had increased in capacity from
2 69 to supergroups (see Fig. 1). The relatively slow early
development was due to 2 prime factors:

(a) The growth demand was not pressing. Even within
Europe the need to communicate overseas remained latent
until the early-1960s when the need to lay 2 concurrent cables
between the UK and Germany indicated the need for greater
sea-cable capacity, at least on the primary routes into conti-
nental Europe. Elsewhere in the world, the one and two
supergroup cables were adequate and were being installed in
considerable numbers to meet the first requirements of tele-
communications administrations for a more reliable form of
communication than high-frequency radio. Typically, the
concept of a Commonwealth Cable* was commenced by cables
of this bandwidth laid first across the Atlantic (CANTAT 1
system), and later across the Pacific to link Canada with
Australia, New Zealand and South-east Asia up to Hong
Kong (the COMPAC and SEACOM systems).

(b) The thermionic tube was imposing limits on the
exploitation of higher-frequency systems. To meet the re-
liability demanded of submerged repeaters, thermionic tubes
required a rugged cathode-grid structurc not commensurate
with high mutual-conductance, and little progress was possible
until the evolution of the long-life silicon-planar transistor,
which did not become perfected and commercially viable for
this class of use in sufficient quantities until the mid 1960s.
From that time, the thermionic tube was entirely superseded,
except for its use on a system designed by Standard Telephones
and Cables Ltd. (STC), operating at up to 3 MHz, which was
laid between Portugal and South Africa (SAT 1) in 19695,
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This cable system, which is still operating successfully,
identified the ultimate problem of thermionic tube operation
in that the anode potential could not be reduced below, say,
50 Vv, implying a power-feeding voltage of up to 24 kV to
serics-feed the repeaters, which arc spaced 10 nautical milcs
apart in the cable. The voltage is applied at 12 kV from both
ends of the cable in the series-aiding mode. The design of the
power-separating capacitors, stressed to this voltage and used
in every repeater, is onerous. Hence, it was to the transistor,
with its low operating power, that designers looked for a large
reduction in system cable operating power.

Growth in the second decade of the submarine cable system
cra has followed a pattern which has resulted in an incrcase
of circuit availability of about 3-fold cvery 5-6 years; for
example, 8 supergroups in 19658, 23 supcrgroups in 1971° and
69 supergroups in 1977'%. Extrapolating this to 1982/3 would
suggest that about 200-supergroup systems would bc available,
but this now seems unlikely: not because it cannot bc done—
it has already been demonstrated cxperimentally to be
feasible—but more because the circuit demand pattern has
changed significantly. Since 1975, there has been a reduction
in the demand for high-capacity systems, suggesting a slow
trend towards saturation superimposcd on a general recession
of trade (which may eventually restore), but which, at present,
shows no sign of complete recovery (see Fig. 2). However,
there is evidence that the end of the road may have been
recached for frequency-division multiplex (FDM) transmission
by submarine cablc. The practical dithculties attached to the
development of a coaxial cable systcm working beyond
100 MHz are considcrable: the subsequent step to 300 MHz
presents grave doubts as to its feasibility. This is because the
ultra-rcliable silicon planar transistor is reaching its practical
limit, in the same way as thc thermionic tubc did some
12-15 years ago, in that to work at even higher frequencies it
must sacrifice its already-tenuous robustness. The emitter-
base spacing is only S um on the 40-C type transistor (see
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FiG. 3—Micrograph of the Type 40-C transistor

Fig. 3) used for the STC 45 MHz system; the transistor has
a frequency cut-ofl of 4000 MHz, For usc at higher frequen-
cies, the dimensions would be even smaller.,

Quite apart from the transistor problems, there are other
limiting factors, most of which rclate to the lower rcpeater
gains which follow incvitably from higher-frequency working.
Higher-frequency working results in closer spacing of repeaters
(more rcpeaters per given cable length, with the implication
of increased refiability requirement and higher linc voltages)
or larger diameter cables, which are already an expcnsive
proportion of system costs and could well, at one stroke,
make all existing cable ships in the world redundant if they
were unable to stow and lay the larger cable.

FOREIGN SUBMARINE SYSTEM POTENTIAL

Any review of submarinc cable systcm progress would be
incomplete without reference to the potential of overseas
manufacturers. Apart from the Communist bloc, about which
little is known, therc arc only 5 manufacturcrs of complete
system competence in the world, of which one is British (the
Submarine System Division of STC Ltd.). The others are

(a) Weston Elcctric (WE. Co.) of USA, a subsidiary of the
Amcrican Telephone and Telegraph Corporation (ATT),

(0) Compagnie Industriclle des Teleconmunications (CIT)
of France with its associate, Les Cables de Lyons: both are
subsidiaries of the large French consortium, Compagnie
Generale d’Electricite,

(¢) Fujitsu Ltd. of Japan, and

() Nippon Elcctric Company (NEC) of Japan.

Development in the USA

Bcecause they met the same constraints, the ATT development
pattern over 20 ycars has been remarkably similar to that in
the UK. It is well known that TAT | used separatc Go and
RETURN cables of thc conventioral Europcan 15:8 mm
(0-62 inch) light-armoured type (much of it made in the UK).
Amplification was provided in flexible repcatcrs whose design
included long-lifc thermionic tubes madc by BTL. These
repcaters werc unique, and were designed to be as contiguous
with the cable as was practical so that, bcing multi-articulated,
about 7 m long by 75 mm in diamcter, they could be paid out
from the cable ship using the normal drum-machinery. How-
cver, 2-cable systems did not survive thc TAT 1 (and TAT 2)
era for a variety of reasons, principally cost; ncither was the
flexible repeater really necessary nor further exploitable. Thus,
ATT reverted to the single rigid-housing with bi-directional
amplifiers, broadly in the manner pioneered by the BPO Re-
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search Department! and supplied for the 60-circuit TAT 1 and
TAT 2 extension systems across the St. Lawrence seaway in
Canada, following the successful trial of the Aberdeen-Bergen
system laid in 1954. There, any similarity between the BTL
and British designs ended because the BTL philosophy,
particularly of mechanical design, was divergent from that of
the BPO Research Department. That both designs have
passed the test of practical service suggests that both
approaches were equally good.

The more significant differences resulted from the BTL
fundamental belief in the use of only compatible metals to
avoid any complication created by the need to combat
corrosion in a salt water environment. This approach can be
expensive: BTL used wholly copper conductors for their
cables and beryllium copper for their repeater housings,
equalizers and cablc-rcpeater connexion components. BTL
use a much shorter housing (900 mm) than the BPO but with
a larger diameter (330 mm) to accommodate the volume of
internal components. To permit laying the repeater round a
3m sheave, BTL also designed a gimbal-mounted flexible
termination to the cable, which was also made from beryllium
copper.

The ATT systems using this mechanical design are coded

(a) the SD-system?!2, first used on the Florida-Jamaica and
TAT 3 systems in 1963 to provide about 130 circuits of 3 kHz
bandwidth,

(b) the SF-system!®, first used on TAT 5 in 1970 to provide
about 800 3 kHz circuits, and

(c) the SG-system!?, first used on TAT 6 in 1976 to provide
4000 3 kHz circuits.

The SD-system (about 1 MHz upper frequency) was the
last ATT system to use thermionic tubes.

ATT have always used the system baseband to maximum
efficiency by using 3 kHz-spaced channels. They use the high-
efficiency double-modulation technique evolved by the BPO
Research Department around 1960 and, in fact, the first
racks of British-made equipment were installed and com-
missioned for ATT at their terminal in Florida by BPO
personnel.

Development in France

CIT of France is the only other submerged system manu-
facturer in Europe. CIT have been operating for many years
and have tended to concentrate their development to meet the
French market in the Mediterranean for medium length
systems of around 3000 km in length. The rise of circuit
demand was slower in the Mediterranean zone than across
the North Sea, and the CIT thermionic-tube-operated | MHz
system met the traffic needs through the 1960s. Since then,
CIT have developed and supplied transistor operated systems
of both 5 MHz and 25 MHz capacity, using cables of either
25mm (1 inch) or 38 mm (l-5 inch) diameter. Their cable
construction follows the American practice more than that of
the UK, but in the lastfew years, aluminium outer conductors
have tended to replace copper, presumably for reasons of
economy. CIT have also always used a gimbal to provide a
flexible joint between the cable and repeater but they are now
thought to be considering a more direct means of coupling
the cable to the repeater.

The CIT repeater construction is different from both the
British and American patterns, although its dimensions more
closely resemble the latter. It uses a pressure housing of
stainless steel, and CIT solve the corrosion problem by
encapsulating the housing with a thick coating of glass re-
inforced plastics.

Development in Japan

For the purpose of this brief review of the world manu-
facturing potential, it is appropriate to consider Fujitsu and
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NEC of Japan together, because, as far as is known in the
UK, the 2 products are basically similar in order to meet the
Japanese telecommunications administration (NTT) require-
ments and specifications. Certainly the repeaters from Fujitsu
and NEC are identical at their interfaces, both in appearance
and electrical performance, although the inner capsule designs
may well be different. As both firms sub-contract their cable
to the Japanese Ocean Cable Company Ltd. (OCC) the end
result is complete compatibility, but both firms will claim to
be in active competition with each other. The Japanese
repeater is very small, being enclosed in a pressure housing
of beryllium copper, only 1-060 m in length and 230 mm in
diameter. Like the Americans, the Japanese firms restrict
themselves to compatible metals and use only cables with
copper conductors: they also employ a gimbal-coupling of
beryllium copper for the cable termination. As far as the
author knows, the Japanese have never competed for the
long-haul market. At the present time, systems are made in
Japan to provide either 1200 or 2900 high-grade 4 kHz
circuits, and both types have been laid within the last few
years in European waters. Whether they intend to develop a
larger system in advance of the (assumed) transition to
fibre-optic cables is not known.

SUBMARINE CABLE 1950-1980

Submarine cables have changed remarkably little in 30 years,
other than in size. To fulfil the theoretical requirements for
minimum loss, the ratio of diameters of the inner and outer
conductors has remained fairly constant at between 3-6:1
and 4-0: 1, depending upon the outer conductor metal. The
impedance of the cables has therefore been constrained to
about 50-55 2 (although there have been exceptions). What
has changed of course, is the diameter of the coaxial pair to
meet the requirement for lower loss at higher frequencies. It
is well known that the loss of a cable varies as the square root
of frequency in respect of the conductor loss, and directly
with frequency in respect of the dielectric loss, that is

loss ~ Av/f + BYf,

where A4 and B are coefhicients relating to the conductors and
dielectric respectively.

By 1950, the size of sea cable that had become a world
standard was a copper/copper cable 15-:8 mm in diameter,
and it was used on the systems then evolving having an upper
frequency of about 0-7 MHz. To attain flexibility, the outer
conductor consisted of 6 copper tapes which were spirally
applied over the dielectric and supported by a thin short-lay
binder tape of copper. No attempt was made to exclude sea-
water. Even using the low-grade polyethylene then available,
the contribution of the dielectric loss term to total loss at
1 MHz was little more than 1%, so loss was then a function
only of the resistivity of the copper conductors (and hence
their size). The 15-8 mm ‘wet’ cable remained the standard
through the 1950s, being used on TAT 1 and other cable
systems of that era, although a larger variant 24 mm (0-935
inches) in diameter had been introduced to permit longer
cable sections between repeaters where this was necessary,

By 1960, the so-called lightweight cable had been developed
by Research Department for the CANTAT 1 project!S. It is,
as its name implies, a deep-water cable with no external
armour. It has a nominal diameter of 25mm and, in its
Mark 1II form, an overlapped horizontal aluminium tape as
its outer conductor; the loss-angle of the polyethylene
dielectric had by then been reduced from about 300 prad to
200 prad, chiefly as a result of the development of low melt-
flow polyethylene. At about the same time, BTL introduced a
25mm armourless cable for their SD system!2, but they
retained copper for the outer conductor. Both armourless
designs used an over-sheath of polyethylene to provide the
necessary hoop-stress to maintain the homogeneity of the
longitudinal outer conductor under bending stresses but, in
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the British case, it is also necessary to keep the aluminium
conductor away from contact with the sea. Because the
malleability of aluminium is much better than copper, the
British armourless cable uses a low-density polyethylene as
its sheathing jacket, whereas the BTL design uses a high
density polymer. The American pattern cable has also been
adopted by Japan and, to a lesser extent, by France.

The development of the S MHz systems in 1965 and, to a
much greater extent the 14 MHz systems of 1968-70, dictated
the need for a lower loss cable. The cable size was increased
by 50% to a nominal 38 mm, both in the UK and in the USA,
followed closely by Japan and France. These cables were
armoured when used in shallow water. The improvement in
polymer technology had, by then, allowed the loss angle of
the polyethylene to be specified to about 100 wrad. To achieve
accurate prediction of sea bed performance and attenuation
frequency equalization, a tighter control on polymer variation
tolerance became essential. These cables remain standard
today and are the normal choice for short and medium length
systems working in the 10-50 MHz range of up to 2000
nautical miles. For trans-oceanic systems, in which the need
to predict performance is paramount, a very low-loss poly-
ethylene was developed about 1974/5 having a loss-angle of
less than 50 urad. Low-loss polyethylene is difficult 1o pro-
duce in bulk quantities and is therefore expensive. Its use so
far has been confined to the 43 mm copper cable developed
jointly by France, the UK and BTL for the TAT 6 cable'?,
which uses the BTL Type-SG repeaters working up to
30 MHz for a system of up to 4000 nautical miles. This is an
expensive cable and unlikely to be economic on the shorter
routes.

CABLE POWER REQUIREMENTS

The expectation that the advent of the transistor would
drastically reduce the cable power circuit requireinent has
not been achieved on systems of British design, except for
the 5 MHz generation.

The phenomenon of cross-band power transfer under noise-
overload conditions, colloquially referred to as won-lincar
singing'?, has dictated that very careful control of the circuit
parameters is necessary to provide an acceptable cross-band
transfer matrix at the amplifier overload points; alternatively,
to avoid the problem, individual amplitiers are used for each
transmission band. The former course had to be adopted for
the 5 MHz British-type rcpeater because the development was
complcte but, for subsequent systems, the 2-amplifier solution
has becen used. To date, BTL and Japan have retained the
single amplifier design, but the de¢sign problems are consider-
able and BTL, at least, are unlikcly to continue with a single
amplitier design in any future systems. However, individual
band amplifiers inevitably increase the repeater power con-
sumption.

Repeater design dictates that

(a) the amplifier output stage transistor overload point be
set as high as possible, and

(h) that the amplifier DC power circuit voltage be kept as
low as possible. This is necessary to minimize the serious
design problems of the power-separating filter capacitors
installed in cach repeater. A very high DC cable voltage results
from the series connexion of 500-1000 repeaters, each having,
say, an applied petential of 15-20 V.,

The only way to avoid high DC rail voltages consistent
with providing a reasonably high transistor output power, is
to increase the output stage transistor collector current, and
this is the solution adopted. The resultant line current is
0-5 A which, in turn, implies cable powers of up to 9 kVA.

FAULT LOCALIZATION
The various repeater types developed during the last 2 decades
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have included many different forms of supervisory circuit
(many of them being of the pulse-return type using time-
identification) to provide gain, intermodulation and noise
level information. With the increase of experience of transistor
performance parameters, it has been independently decided
by most manufacturers during the last 5 years or so that
noise and intermodulation changes, unrelated to amplifier gain
change, are unlikely. The practice today is to provide only a
discrete supervisory oscillator in each repeater {or for each
transmission band) to indicate the performance state of each
repeater to the terminal stations.

The universal use of Zener diodes, either to protect the
repeater power rail from surges, or to stabilize the power-rail
voltage, or both, has created a non-linear repeater DC
characteristic of relatively high resistance at low currents
which tends to be variable, and this had made fault localization
prediction on an unpowered cable by low-current DC test
methods unreliable. For this reason, most European tele-
communications administrations specify a reasonably-stable
DC resistance plateau over a few milliamperes, which usually
implies some dilution of the Zener characteristic with shunt
resistance (although this unhappily results in an increase of
line current), see Fig. 4.

The low-current resistance of the repeater is much greater
than that of the associated cable and, hence, the system
resistance is characterized with little error by equating it to
nR., where R, is the single-repeater low-current resistance and
1 is the number of repceaters. To attempt to localize a fault to
better than one repeatcr position in these circumstances is
therefore unrealistic but, as the deep-water repair technique
(referred to later in this article) only attempts a centre-section
cut, the actual position of a fault in a section is of no particu-
lar significance. Even to achieve this measure of positional
accuracy is difficult due to the high test-voltage required to
drive, say. 10 mA DC through a de-powered cable system
resistance of up to 100 000 . Published information on fault
localization theory is sparse, but intcrested readers are referred
to an JIEE article by A. L. Storey'3.

The localization of faults on the shallow-water sections.
generally no more than 200 nautical miles from the cable
terminal, is donc to a higher accuracy because, in these depths.
ships would normally expect to be able to raise a cable bight
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to the surface to effect a repair and, hence, errors in location
are time consuming. A variety of classical DC tests are
possible in this situation, Impedance/frequency localizations
are often used for faults that are near to a cable station and
increasing use is being made of low-frequency pulse-echo test
equipment. For all low-frequency testing, a low impedancc
path through the repeater at audio frequencies is necessary,
and this is made a requirement for systems specified by the
BPO and many other administrations. Finally, a ship will
usually wish to confirm the localization by the very old
technique of elcctroding; that is, detecting a current at a
very-low-frequency (17 or 25 Hz) applied from the terminal
and picked-up to the point of the fault as an EMF between
2 electrodes trailed in the sca behind the ship.

THE MENACE OF TRAWLER FISHING TO
SUBMARINE SYSTEMS

No revicw of the submarine cable scene would be complete
without a considcration of the problem of cable interruptions
causcd by trawler fishing ; nor should the menace be minimized
although, in theory, fishing over cables is forbidden.

With very few exceptions, cables survive indefinitely in deep
water (the oceanic abyssal plains are under between 2 and
3 miles of water) due to lack of external interference. But,
it is on the shallow continental shelves that most cable inter-
ruptions occur. in the last 20 years, the world has grown
greedy for fish and trawlers have become larger to meet the
demand. But cables have got bigger too, and the degree to
which they are armoured has also increased, so the situation
could be mistaken for a war between thc fishermen and the
cable opcrators. In Europe, the worst culprits by far are the
large beam trawlers which work out from Dutch and Belgian
ports. Their tickler chains virtually rattle the sea bed to make
the flat fish rise into their ncts, see Fig. 5. Two beams are
used, each 10 m in width, one being towcd on each side of the
trawler at speeds of up to 7 knots, which requires the trawlers
to be powered by engines of many thousand horse power.

Another form of fishing of great potential menace is the
clam dredger, used considcrably off the eastern seaboard of
the USA. This resembles a large heavy multi-pronged fork
which is used such that the prongs dig into the sea bed to a
considerable depth in order to catch thc clams.

There is no perfect solution to the problem, but the task
is being tackled on 3 fronts. Firstly, the cable can be buried
in the sea bed to a depth to which fishing devices are
unlikely to penetrate; sccondly, the cable can be armoured
to such a degree that it is virtually immune to fishing devices;
and thirdly, the fishing decvices can be constructed in such a
way that they ride over cables without mauling (clearly, this
cannot be done for the clam dredge).

FiG. 5—The beam trawl
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Cable Burial

At present, the burial of cables in the sea bed can be achieved
by either of 2 methods:

Use of a Plough Device

A plough may be used to bury a cable in the sea bed during
cablc-laying operations. It requires a powerful ship to tow
the plough, and the ship must have very precise positional
control, and the sea bed conditions have to be suitable for
moleploughing operations. Given these conditions, burial is
morc quickly carried out in this manner than by any other.
ATT pioneered and perfected burial by this method using a
sophisticated plough, which was designed and made by BTL
and which is now in its Mark 1V stage of evolution. Using
these devices, all the transatlantic cables over the North
Amecrican continental shelf, which includes the famous
Newfoundland Banks, have been buried toa nominal 610 mm,
as have many cables over the European continental shelf.

The Japanesc have also developed, and use, a bury-while-
laying device, but BPO staff have not had thc opportunity
to witness its operation. The main disadvantage to a plough
is its inability to bury an existing laid cable.

Use of a Water-Jet Device

A water-jet device is used to bury existing cables. The device
liquifies the sea bed under the cable to create a trench into
which the cable falls under its own weight. These devices
vary considerably in complexity and sizc and, at present, are
adaptations of devices developed to bury oil pipclines in the
North Sea. Burial progress is much slower than in the case
of the sea-bed moleplough, and more than one attempt is
generally necessary to ensure the depth of burial; this method
i1s much more flexible in its utilization than the towed plough
and the BPO is very interested in its potential for development
to meet specific cable needs, although the development costs
are high: the technique is not yet perfected.

Improved Cable Armour

Armour designs have changed very little in more than 100
years. However, recently, trials of variants have bcen made
under pseudo-dynamic conditions at the BPO Research
Department in an effort to determinc a more trawler-resistant
pattern. The work has been funded by a consortium of North
Sea cable-owning administrations and has shown that, in
general, little improvement is to bc gained. Ncvertheless, a
double layer of armour wire proved very superior to a single
layer, and a variant of double armour using a very short lay
outer wire shows promise of being very effective against
trawler mauls. However, an analysis of North Sea failures
indicates that, because large modern cables do not break
easily, a number of trawlers are lifting the cable they have
fouled to thc surface and cutting it with a flame. Up to
25Y% of failures in recent months appear to have been caused
in this way and it is obvious that there is no protection against
this quite unlawful activity, Hence, the possibility of re-
designing the trawls was attempted.

Re-Design of Fishing Trawls

The re-design of fishing trawls to minimize damage to cable
has recently been pioneered by the Netherlands PTT. The
BPO Research Department also attempted this many years
ago when otter-boards were damaging the North Sea cables,
but the time was not then opportune for co-operation and
the proposed changes were not adopted. Last year, however,
the BPO’s Dutch partners to the cable-armour trials decided
to re-open discussions with the fishing industry and consider-
able interest has been shown in their proposals. The beam-
trawls have proved comparatively easy to modify to ensure
that they ride-over cables without snagging the armour; this
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work is still proceeding. As long as trawlermen are persuaded
to keep their gear in good condition, then development along
these lines may be very rewarding.

CABLE HANDLING AT SEA

This is a specialist facet of cable engineering that is the
preserve of marine staff, but at the fringe of their experience
has to exist an engineering interface, and the subject is
introduced here in that context only. -

In the broadest terms, the way in which cables are loaded
on ships, laid on the sea bed and recovered for repair, have
changed little since the early transatlantic telegraph cables of
the 1869 era. The vision displayed by those early pioneers is
remarkable and it is appropriate to recall the basic concepts
they set out as the requirement of their art, and to review in
outline the way in which marine and cable engineers today
are meeting these same requirements which are:

(a) That the only practical way to stow many thousands of
kilometres of cable on a ship is to coil it in repeater section
lengths in the ship’s hold, or ranks as they are called. Loading
a cable ship therefore implies neither pre-loaded drums nor
spools, but that the cable be hauled across from the
factory storage tanks and literally coiled in the ship’s tanks
until the ship is fully stowed: obviously this is a lengthy
labour-intensive exercise and must be carried out with ex-
treme care to ensure that no coil in any way ensnares its
neighbour.

(b) That, at sea, it must be possitle to pay out the cable
over the stern or the bow of the cable-laying ship, as planned
beforehand, in an unrestricted manner and that the ship’s
structural design ensures that no stanchions or standing
ironwork impedes the free-running of the cable in the reverse
manner to that in which it was loaded. (The advent of
repeaters stowed away from the cable tanks requires the cable
to be ‘bighted-out’ at these points, which has imposed
stringent attention to this detail.) This has created the centre-
castle requirement for an open space at the tank head, with
open access fore and aft which, on the later and larger vessels,
gives the impression of a vast arcade.

(c) That a cable ship be designed such that cable can be
paid out either over the bow sheaves (large rotable drums or
wheels), or over the stern sheaves (frequently, no more than a
chute). At all times the ship must have complete control over
the cable being paid out, whether at the bow or the stern. Not
all readers may be aware that cable is driven out of the ship
only at the commencement of lay or in very shallow watecr:
at all other times the outboard weight of the cable rapidly
increases to many tonnes and pulls itself out of the tanks.
This must be restrained or runaway will take place, so the
major requirement of a cable engine is its ability to apply
sufficient back tension to stop the pay-out of cable, and, if
necessary, to revert to the pick-up mode. The bow engine is
the most powerful machine on a cable ship; the reason for
this is that a ship has the greater polential for manoeuvre if
the cable is secured at its bow than at its stern. Hence,
2 powerful drum engines (horizontally-mounted capstans of
very large diamieter with about 40-50 t lift) are fitted on the
foredeck for the variety of manoeuvres which are conducted
over the bows, and a third engine is fitted aft for stern pay-
out. A century ago, and indeed until the advent of the sub-
merged repeater in the 1950s, the stem engine was also of the
drum-type, as this type has the greatest hold-back potential
against slip. But it cannot easily be used to pay-out a repeater.
For these operations, a linear engine is required; a linear
engine can apply a driving force to the cable in either direction,
or stop it, in a straight line. Thus, the passage of a long rigid
body such as a repeater is not inhibited (as it is by the circular
drum engine).

The first stern pay-out engine—albeit not linear—was
the 5 V-sheave gear developed by the BPO Research Depart-
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F1G. 6—The BPO linear cable engine

ment2? in the late 1950s and fitted on CS Monarch to lay th
CANTAT | and COMPAC, and similar systems. The
V-sheave gear worked adequately but repeater launching has
to be carried out at slow speed (1 knot) and with considerabl
manual assistance; it would be quite impracticable for use o
modern systems with repeaters spaced at 3-5 nautical mil
intervals.

The linear engine avoids these problems because, theoreti
cally, it has been designed for pay-out at normal cable speed
say 5-7 knots. In practice, it is never used to lay repeaters a
that speed—2 to 4 knots is the more common. The reductio
in speed is not because of concern by the ship’s commande
that the engine may snarl up, but for a real concern for th
safety of his crew when theleading bight rises out of the cabl
tank ahead of the repeater, and then instantaneously snatche
at the half-tonne housing to propel it suddenly down th
trolleyway along the centre of the ship at pay-out speed.

The first linear engine was developed by BTL!? for thei
SD-type systems and installed on CS Long Lines. The engin
resembles 2 vertically-opposed caterpillar-type metal articu
lated bands some 14 m in length and 900 mm wide, wit
compression applied between the 2 moving adjacent faces b
hydraulics, such that the gap aperture witl adjust itself t
accept whatever diameter of cable or repeater is presente
to it. It is a monster of a machine, but it has continued t
work immaculately for over 15 years. The British approac
was quite different: the BPO Research Department develope
a machine which they installed on CS Alert to lay the UK
Spain No. 1 cable in 1970. This comprised a series of car-typ
wheels, including rubber tyres, which were installed as 1
vertically-opposed pairs under hydraulic compression (se
Fig. 6). Each wheel is powered by an hydraulic motor, whic
can drive in either direction. This machine is also still i
service and developed variants of it have been fitted on man
other cable ships since 1970.

REPAIR TECHNIQUES

The need to repair a cable is, regrettably, inevitable. A shi
must therefore carry sufficient types of sea-bed grapnels t
enable it to trawl the sea-bed, trap the cable, and bring it t
the surface for repair. This facile sentence embraces a host ¢
problems not appropriate to this article but, in the sense ¢
a review of techniques, some significant changes have take
place which justify mention. The change of technique reflect
to a large extent the fact that repeater spacing is very muc
less than it used to be and, as it is impolitic to deliberatel
drag or roll the repeaters on the sea-bed if it can be avoidec
ships sct out to effect repairs without disturbing operation:
repeaters. If this is unavoidable, then disturbed rcpeaters art
generally withdrawn from service for overhaul and replace
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with new repeaters.

Some 20 years ago, when the deep-water laying strategy for
repeatered systems was being evolved, it was decided to lay
6%, slack cable, that is, 6% more cable than that demanded
by the distance between 2 geographical points. This was
chiefly to permit a cable section length of 27 nautical miles
to be brought to the surface for repair by a cable ship, but it
also reflected imprecise navigation (before modern radio
navigational aids became available!?), which dictated a
measure of positional tolerance. In the last decade, ships’
positional accuracy has become much more precise and, at
the samc time, the spacing between repeaters has become
much smaller so that, the percentage slack which would be
necessary to lift a bight to the surface from oceanic depths
without considerable disturbance to the submerged repeaters
has become too large. Hence, with the advent of the CAN-
TAT 2 cable'?, laid in 1973, it was decided to lay only sufficient
slack to fill the sea-bed contours and, with repeaters spaced
at 6 nautical miles in up to 3 nautical miles depth of water, to
plan to cut the cable on the séa-bed in the event of a failure.

To make a repair, a planned sequence was organized
whereby, say, 1 repeater would be recovered and 2 reinserted,
with an appropriate addition of 6 nautical miles of spare
cable to maintain the correct system transmission levels. A
description of the detail of this operation would be inappro-
priate here, although Fig. 7 outlines the principle, but it has
been included to identify the need, recognized at that time,
for a new grapnel that would cut and hold one of the cut
sides without dragging the cable to any extent across the
sea-bed. The earlier cutting grapnels cut the cable over a
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F1G. 8—The cut-and-hold grapnel

sharp edge at forces near the breaking strain of the cable,
which inevitably disturbed the cable for considerable distances.

The basics of such a repair policy were agreed also with
ATT for the TAT 6 project and some common ground was
established for the design of the new grapnels.

The BPO Research Department produced a cutting grapnel
and a cut-and-hold grapnel®!; the grapnels are powered by
hydraulic action, locally-triggered, to sever unarmoured
cables up to 43 mm diameter and, in the case of the cut-and-
hold grapnel, to coil one cut side round a mandrel to secure
it to the grapnel. These grapnels are inevitably large precision
tools (see Fig. 8), and are expensive, but they have been
successful on trials: fortunately there have been no deep-
water faults to prove them operationally. These grapnels
would not normally be part of a ship’s permanent equipment.
For the more usual class of faults, which are more likely in
shallow water, where a bight can usually be brought to the
surface without cutting the cable, ships still carry the tra-
ditional grapnels; for example, those known as the Rennie,
the Gifford, the flatfish, the spearpoint and the multi-pronged
sand grapnels. These grapnels have evolved over a century’s
experience and, apart from modifications which reflect the
larger cable sizes now in normal use, they have remained
remarkably similar to those used in the telegraph-cable era.

THE WAY AHEAD

The introduction to this article posed the question as to
whether or not the submarine cable had a future. It would be
hard to foresee, in 1979, a future without the submarine cable.
As any manufacturer of submarine systems is only too well
aware, the growth market is not steady: it never has been.
Nevertheless, the BPO and its continental European partners
have already placed contracts for 3 further very-high-capacity
cables to Europe; the cables are scheduled to be completed
before 1981.

The prospect of a further transatlantic cable of at least
4000 circuits now appears to be probable for 1983. Further
development in the Mediterranean is both projected and
mooted, as is an increase of cable potential from Europe to
South America, and there is considerable scope for further
expansion in the far East, from India to the Pacific basin,
even down to the Antipodes. The only serious competitor to
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the submarine cable is the satellitc: however, both media have
their relative advantages and disadvantages, and most of the
world’s telecommunications administrations now concede
that they are complementary media and neither one nor the
other is likely to form the total basis of most countries’
external communications services.

Between now and, say 1985-1990, the submarine cable
industry has to reorient its designs to digital working to meet
the increasing demand for coded traffic and digital switching.
It is probable that each of the worlds” manufacturers have by
now decided that digital transmission on optical fibres offers
the greatest degree of development potential for cheaper
circuits and planning flexibility, and are actively researching
designs which can be viable over transoceanic distances by
about 1990--<certainly this is so in the UK. One of the big
problems which has yet to be solved is the development of a
laser-detector combination that will work reliably for many
years at a wavelength of between |-2-1-5 um. The problem
will be solved somewhere in the world—hopefully in the UK.
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Installation of an Auto-Manual Centre in

Non-Standard Premises

J. B. WILLIAMS and C. MILFORDY

Early in 1976, a decision was taken to clear floor space in the
existing exchange building at Chester to overcome problems
likely to arise as a result of exceptional difficulties and delay
with the Chester Central building extension. By re-siting the
auto-manual centre (AMC) this objective could be achieved,
and by using Cordless Switchboard System No. 1 (CSS1),
with its less demanding needs for floor strength, it was hoped
that suitable existing accommodation could be acquired to
enable early completion of the changeover from the existing
switchboard to the CSS1 installation.

Several properties in Chester city centre were examined,
and the most suitable to meet all the constraints imposed by
the project, and which was available for purchase, was the
Ursuline Convent situated opposite the existing automatic
exchange. At the time the project was conceived, the Convent
was still in operation as a school, and indeed continued to

t Chester Telephone Area
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function as such during the initial stages of modifying the
building. Purchase of the property was put in hand and it was
decided to call the new establishment Chester Dee House.

The design and installation of a CSS1 AMC of the size
required had, in all previous cases, been carried out by con-
tractors with a programme usually anticipating an overall
period of 3 years for planning and installation. At the outset,
a target completion date of October 1377 was established,
and it was decided that all the planning and installation would
be done by the British Post Office (BPO), making this the
first CSS1 installation in the country to be carried out in this
fashion.

Equipment designs were commenced and enquiries made
of Regional Headquarters and Telecommunications Head-
quarters to establish the availability of equipment. As there
was a marked decline in operator-controlled calls nationally
at that time, it was thought that surplus equipment would be
readily available, but, while this was the case for the bulk
requirements, it was not so when it came to items of detail.
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Eventually, equipment was located and released from Leeds,
Maidenhead, Portsmouth and Hereford. Once the equipment
had been located, transportation was arranged and the
equipment was brought into the Area and stored at Buckley
Exchange, where the racks were erected and renovation
carried out, while the Convent accommodation was being
refurbished. An inventory of the equipment was made and
checked against the design details and a list of the shortages
was drawn up. The only way of making good the missing
items of equipment was by means of a contract, and this was
let for 554 relay-sets and 3 racks against promised delivery
dates of June 1977.

During the time in which the equipment was being located,
negotiations for the purchase of the Convent were being
conducted and the building was finally acquired in October
1976. As the original part of the building dates back to 1743,
with a final extension added to the school in 1960, extensive
alterations were required to bring the property up to BPO
standards. Full plans of the building were non-existent, and
the local drawing office produced outline drawings from
which layout drawings for the new accommodation were
agreed. In general terms, the more recent additions to the
building were used for the AMC and associated equipment,
with canteen and welfare accommodation situated in the
older parts of the building.

On 1 November 1976, a planning team moved into Dee
House among the dust and rubble of the alterations. As this
was the first CSS1 installation in the Area and as the building
was non-standard, everything dealt with by the team presented
novel and probably unique problems. Two members of the
team attended a CSS1 training course, and familiarization
visits were madec to Crcwe (Quecen Street) which was the
nearest working CSSI to Chester.

The apparatus room was to be established on the ground
floor in the old gymnasium, with the switchroom on the first
floor directly above in an old classroom area. The art room
was to become the directory enquiry room with direct access
to the switchroom via a short staircase. Batteries, power
equipment and standby engine were to be housed in the
converted cloakrooms alongside the old gymnasium on the
ground floor. Floor layouts already worked out had to be
checked constantly on site as the building contractor carried
out the alterations. The power Planning & Works team was
called upon to work on a day-to-day basis in order to keep
one step ahead of the builders.

The building work was planned for execution in two stages.
Stage 1 comprised the apparatus room, power room, switch-
room, directory enquiry room and construction workshop
and was scheduled for completion by the end of December
1976; stage 2 comprised the canteen and welfare accommo-
dation, which was to follow at a convenient time. On 4 January
1977, the construction staff moved in. Staff had been drawn
from all parts of the area to supplement staff normally head-
quartered in Chester. The task presented was to spend an
estimated 22 000 manhours in Dee House with a further
6000 manhours at Chester Central telephone exchange in a
period of 40 weeks. In total, the installation comprised
48 equipment racks, 1500 relay-sets, 34 CSSI positions,
14 directory enquiry positions, 1 Chief Supervisor’s desk,
1 Supervisor’s desk and 4 Assistant Supervisors’ desks, plus
the associated power plant.

A new 20-vertical intermediate distribution frame (IDF)
was fitted in the apparatus room and all cross connexions
were carried out on this frame. One 160-pair and four 320-
pair distribution cables were run between the IDF and the
external cables, which had been brought into the old laundry
room. The external cables and their routing had also caused
problems. The number of circuits required and the technical
requirements to keep the transmission losses between the
telephone exchange and Dee House to a minimum (not more
than 0-5 dB attenuation was to be added to any call extended
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via the new AMC) indicated that two 748-pair (748/0-63)
cables would be needed. Each of these cables was to occupy
one duct, and a third duct was to be used for cables serving
the intemal telephones in the building, while a spare duct was
provided to allow for any unforeseen developments in the
future. The most direct route for the ducts from the telephone
exchange into Dee House was under the front drive of the
property from a manhole existing in the roadway immediately
outside. Wayleaves for duct on the public highway were
applied for, and the Department of the Environment was
informed, as the proposed route was very closec to a Roman
amphitheatre. A subsequent survey of the site carried out by
the Inspectorate of Ancient Monuments showed that, un-
fortunately, the proposed route would cross the perimeter of
the still buried section of the amphitheatre. The BPO was
asked to seek an alternative route to avoid disturbing the
archaeological layers of the ancient monument, which would
eventually be excavated for display to the public. The only
alternative route available was via a lane at the side of the
property. Thisroute presented other problems: the lane would
have to be closed to vehicular traffic throughout the period
required for duct laying and cabling operations; and the old
laundry room, which was to become the new cable chamber,
was situated about 6 m above the lane, which would necessi-
tate a vertical lead-in. The first problem was overcome by
co-operation with the Local Authority, which requested that
the work be done before the Easter holiday, as the lane
provides the main access to the banks of the River Dee—a
favourite attraction for the many visitors to Chester. The duct
contract was let and executed between January and the end of
March 1977. The second problem was overcome by cutting a
chase in thc brickwork of the boundary wall and fixing four
Ducts No. 57 into the chase. A hole was made into the old
laundry room and a weather shield and hardwood seal were
fitted to the riser. Cabling operations began on the night of
21 May 1977 and were completed by the following day.
Jointing work and proving of cables was completed by July
1977.

Internal construction work was progressing simultaneously
with the external operations and in the first three weeks the
racks and all the ironwork were erccted. After many trials
and tribulations, the CSSI positions were assembled (without
the use of a jig) by the end of the fifth week. Cabling and
modification started in Week 4 and continued until Week [8.
The total length of cable used exceeded 21 000 m.

The power staff provided, in addition to all the accommo-
dation wiring, battery, engine and power plant to enable
temporary power to become available which permitted
acceptance testing to start in the nineteenth week.

Early in May 1977, it was learned that the equipment being
obtained by contract, and other crucial items being made by
BPO Factories Department, would not be available by
promised dates. As this delay would have seriously affected
the testing programme, further enquiries were made and
equipment was located at Irvine (Scotland West Telephone
Area). With the help and close co-operation of our Scottish
colleagues, the necessary missing picces of equipment were
loaned to the Chester Area. Testing continued and, in addition
to faults, some design problems were found and overcome.
Due to problems beyond our control, the original target
opening date of October 1977 was not met but operator
training started in January 1978 and the AMC was scheduled
to open in February 1978. Alas, this date was not achieved
because of industrial action and the centre opened in February
1979.

The project was both interesting and challenging. It pro-
duced many challenges which had to be overcome. That they
were overcome was due to the enthusiasm shown by all
concerned and the unstinting help and co-operation obtained
from many people outside the Telephone Area, to whom our
thanks are extended.
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Jitter Specification in a Digital Network

R. D. HALL, Bsc.(HoNs.), and M. J. SNAITH, M.t

UDC 621.391.837.42: 621.395.74: 621.395.49

Jitter is an inherent impairment in digital systems which was first observed as telegraph distortion in long-
distance telegraph circuits. The subject has heen studied extensively in the last 20 years as pulse-code-
modulation systems have evolved, but it is only recently that a consistent approach to the specification and
measurements of jitter has emerged through agreements within CEPT* and CCITT*+%. This article briefly
reviews the causes and effects of jitter in a digital network and explains the approach to its specification.

INTRODUCTION

The formal definition of jitter! is: “short-term variations of
the significant instants of a digital signal from their ideal
positions in time”. What exactly constitutes a significant
instant depends on the operation of the circuitry involved,
but it can be any convenient identifiable point on a digital
signal; for example, the time at which the leading edge of a
pulse reaches a defined amplitude. It is often convenient to
consider jitter as a form of phase modulation of a digital
signal, particularly when the signal concerned is a clock or a
timing signal within an item of equipment. In this way, the
jitter can be considered in isolation from the digital signal, and
its waveform, spectrum and statistical properties calculated.
The units in which jitter is specified are largely a matter of
convenience, and its amplitude is frequently expressed in units
of time, phase or digit periods. A digit period, commonly
referred to as a wnit interval (U1), is the nominal time allowed
for the transmission of one symbol and, hence, is numerically
equal to the reciprocal of the symbol rate. For example, an
instantaneous jitter amplitude of 0-01 ms on a | kHz timing
signal is equivalent to a jitter amplitude of 3-6” or 0-01 UI.

SOURCES OF JITTER

Noise Induced Jitter

All types of oscillator have a certain amount of phase noise
inherently present on their output signal which is caused by
noise sources within the circuit. Since the amplitude of most
of the noise in these circuits is proportional to the reciprocal
of frequency, f, (that is, it has a 1/f characteristic), the jitter
produced also has a spectrum of increasing amplitude at low
frequencies. In addition, noise in logic circuits can generate
Jitter on signal transitions because of the finite rise-times of
practical pulscs (see Fig. 1). Jitter from both these sources is
therefore present at the output of a digital equipment; although
such jitter may be measurable, it is generally of minor im-
portance because of its low amplitude and low frequency in
comparison with other sources.

Jitter Produced by Digital Regenerators

Most digital repeaters currently in use are fully regenerative
and self-timed; that is, the output signal is rctimed under the

t Mr. Hallis in the Research Department and Mr. Snaith in the
Telecommunications Development Department, both Telecom-
munications Headquarters

* CEPT—European Conference of Posts and Telecommuni-
cations

tt CCITT—International Telegraphand Telephone Consultative
Committce

96

Transition
uncertamty
1

INPUT
SIGNAI
VOLTAGE
10
LOGIC
GATE

! |
1 L
[} b
[
: | Lagic

| ; threshold

TIME

ouTPuUT
SIGNAL
VOLTAGE
FFOM
LOGIC
GATL

Tl MVE

FiG. 1—Jitter due to noise on logic signal

control of a timing signal derived from the incoming signal.
Although such regenerators do produce jitter having random
noise type characteristics, as described above, the most
significant form of jitter arises from imperfections in the
circuitry, which cause jitter that is dependent on the sequence
of pulses in the digital signal bcing transmitted, termed
pattern-dependent jitter., The mechanisms that generate jitter
within a regenerator have been extensively studied? 3+ 4. 5. 6, and
are principally related to imperfections in the timing-recovery
circuit.

Mistuning of the timing-recovery tuned-circuit (forexample,
due to ageing or incorrect initial adjustment), and use of a
tuned circuit having a lower design value for its Q-factor can
both lead to an increase in the jitter generated. This is illu-
strated in Fig. 2, which demonstrates that, although a tuned
circuit with a high Q-factor generates less jitter under ideal
conditions, a tighter tolerance on the mistuning is required.

Since pattern-dependent jitter from regenerated sections is
the dominant type of jitter in a network, the manner in which
it accumulates must be considered. For jitter purposes, a
regenerative repeater acts as a low-pass filter to the jitter
present on the input signal (see Appendix), butit also generates
jitter, which can be represented by an additional jitter source
at the input. If this added jitter were truly random, as distinct
from pattern dependent, then the total RMS jitter, Jy,
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present on the digital signal after N regenerators?® would be
given by the approximate relationship:

Iy Jy x W/N,

where J, is the RMS jitter from a single regenerator.

However, most of the jitter added is pattern dependent and,
since the pattern is the same at each regenerator, it can be
assumed that the same jitter is added at each regenerator in a
chain of similar regenerators. In this case, it can be shown
that the low-frequency components of the jitter add linearly,
whereas the higher-frequency components are increasingly
attenuated by the low-pass filtering effect of successive re-
generaters. If a random signal is being transmitted, the
spectrum of the resultant jitter is as shown in Fig 3, and the
change in mean-squared amplitude with the number of
regenerators is as shown in Fig. 4. The latter curve is approxi-
mately described by the equation:

Jny=Jy X V/2N, for large valuesof N. ...... 2)
Equations (1) and (2) demonstrate 2 important results:

(a) pattern-dependent jitter accumulates more rapidly than
non-pattern-dependent jitter, as the number of regenerators
is increased, and

(b) the amplitude of jitter produced by a chain of regen-
erators increases without limit, as the number of regenerators
is increased.

The jitter produced by a random pattern is itself random
in nature, having a gaussian amplitude distribution. Hence,
for a given RMS amplitude (standard deviation), the prob-
ability of exceeding any chosen peak-to-peak amplitude can
be calculated. A peak-to-peak to RMS ratio of 15 is often
assumed for specification purposes, which has a probability
of being exceeded of less than 10~ 13,

In contrast, when the signal being transmitted is composed
of 2 repetitive patterns, alternating at low frequency, the jitter
appears as a low-frequency repetitive wave, having an ampli-
tude proportional to the number of regenecrators?7; this
could lead to very large amplitudes of jitter. This situation is
very unlikely to arise in normal operation because the signal
transmitted is generally made up of traffic from a number of
different sources, together with a frame-alignment signal and
justification control digits. Furthermore, the probability of
fixed patterns occurring can be reduced still further by the
use of digital scramblers, which tend to randomize the signal;

if necessary, devices that are capable of reducing jitter can
also be used.
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Jitter due to Multiplexing and Demuitiplexing

The digital muldexest recommended by CEPT and CCITT,
and based on thc 2-048 Mbit/s first-order digit rate, permit
the multiplexing of plesiochronous* signals by the process
known as positive justification®.

The multiplexer first brings the plesiochronous input tribu-
taries to a common digit rate and timing relationship by the
controlled addition of justification (or stuffing) digits. The
synchronized tributary signals are digit interleaved, and
justification control digits and a frame-alignment signal are
added, to produce the aggregate output signal.

In the demultiplexer, the added digits are removed and the
resultant digital signal, with gaps, is written into the tributary
store. If this signal were used directly as the output of the
demultiplexer, the gaps would represent very severe jitter.
Therefore, the jitter is largely removed by reading the signal
out of the store under the control of a timing signal, the gaps
having been smoothed out by a phase-locked loop, which acts
as a narrow-band low-pass filter to the jitter.

The jitter produced by the demultiplexing operation com-
prises fairly high, fixed-frequency components due to the
routinc rcmoval of the framc-alignment signal and justification
control digits, and a variable low-frequency component
because justification takes place only at pre-determined
instants, termed wairing-time jitter. After attenuation by the
phase-locked loop, the only significant jitter remaining is
from the latter component; this typically has a residual
worst-case amplitude of approximately O-2 Ui peak-to-peak,

t Muldex—A contraction of digital multiplcxer-demultiplexer

* Plesiochronous—Two signals arc plesiochronous if their
corresponding significant instants occur at nominally the same rate,
any variation in rate being constrained within specified limits
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in a bandwidth up to about 100 Hz, depending on the particu-
far demultiplexer.

Other Sources of Jitter

Digital switches may be expected to produce noise-induced
output jitter having a negligibly low amplitude. In addition,
where digital switches are operating under the control of
clocks that are synchronized, the synchronization system may
make adjustments to clock phase at an exchange from time
to time, resulting in jitter. However, the frequency of such
jitter can be kept sufficiertly low such that it has no detri-
mental effect on the operation of transmission equipment.

Finally, one effect of temperature variation on cables s to
change the propagation delay; the resultant phase change may
be of the order of some (ens of unit intervals peak-to-peak
over the course of a year. Clearly, the frequency of such jitter
is extremely low, and the effect is more properly considered
as one of drift or wander. Although no low-frequency limit
has been formally set to mark the boundary between what is
considered to be wander and jitter, a frequency of the order
of 0-01 Hz has been proposed. It is certainly the case that
transmission equipments, such as digital line sections and
muldexes, are effectively transparent to these very low-
frequency changes in phase.

EFFECT ON ANALOGUE SERVICES

Many of the services that will be carried on a digital network
are analogue in origin; for example, telephony, sound-
programme and television. Any jitter present on the input to
digital/analogue converters displaces the analogue signal
samples from their ideal position in time, which leads to
distortion or noise on the reconstructed analogue signal. If
the jitter were a sine-wave phase-modulation of a carrier, it
would create additional sidebands in the baseband spectrum,
spaced at integral multiples of the jitter frequency either side
of the carrier frequency. Analysis of the magnitude of the
impairment is complex for the jitter and signal waveforms
likely to be encountered, but is considered in more detail in
References 3, 9, 10 and 11, from which the results quoted
below are taken.

For telephony signals encoded by pulse-code modulation
(PCM), the distortion produced by jitter is somewhat anal-
ogous to quantizing distortion in that it does not give rise
to idle-channel noise, but is present only when a signal is
present. Assuming that a signal-to-distortion ratio of 33 dB is
acceptable, this leads to a permissible jitter of 1-4 us RMS®
(3 UI RMS at 2-048 Mbit/s).

In the case of digitally-encoded frequency-division-multiplex
(FDM) assemblies, jitter is more troublesome, because a
signal in one channel affected by jitter components at fre-
quencies higher than 2 kHz produces noise in adjacent
channels. For jitter components having frequencies much
less than 2 kHz, a higher amplitude of jitter is permissible,
but no firm value has been established.

The subjective effects of jitter on the quality of broadcast-
standard sound-programme and television signals have been
investigated by the BBC!?-!!, For sound-programme signals,
jitter amplitudes up to SO ns RMS could be acceptable when
the jitter has a random white-noise spectrum from 30 Hz to
16 kHz, with a 4/2 increase in jitter amplitude permissible for
every halving of the upper-limit frequency of the jitter
spectrum. For colour television, a limit of 5 ns peak-to-peak
has been proposed for random jitter.

The above figures should all be considered as indicating
orders of magnitude only since, to establish firm performance
limits for the effects of jitter on services, it is necessary to take
account of the coding scheme and digit rate used by the
services. Where it can be shown that the jitter generated in a
network could produce unacceptable degradations in per-
formance for a particular serviee, it is advisable to incorporate
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a jitter reducer as an integral part of the terminal equipment
of that service. The remainder of this article is concerned with
the performance of equipments whose inputs and outputs are
digital signals in which the effects of jitter are considered
independently of the various services that may be transmitted.

JITTER TOLERANCE OF EQUIPMENTS

Timing-Recovery and Decision Circuit Tolerance

To determine the tolerance of equipments to jitter at their
input, it is necessary to consider the effects that jitter has on
circuit operation. The operations that are performed on the
signal at the input to an equipment are, typically, amplifica-
tion, equalization, timing recovery and decision making, as
shown in Fig. 5. In the decision circuit, the digital signal is
sampled at an instant determined by the timing signal and the
decision is made as to the logic level. These operations are
applicable to all types of equipmeni—regenerator, line
terminal equipment, multiplex equipment and digital switch.

Fig. 6 shows the relative timing of the clock and data signals
at the input to the D-type bistable element (decision circuit),
where it is assumed that, ideally, the rising edge of the clock
pulse should occur at the mid-point of the data pulse. With
ideal full-width rectangular data pulses and perfect clock
pulses, the permissible misalignment between them would be
+0-5 UL 1In practice, circuit imperfections, and the need tc
altow for other impairments such as noise, reduce the per-
missible misalignment to the order of +0-15 UI or less.

The most significant feature of the operation of this type of

DECISION
ELEMENT
INPUT (D-type bistable)  ypyT

ASHAEHA——={__FCF

AMPLIFIERS AND EQUALIZERS r’“

TIMING-RECOVERY
CIRCUIT

F1G. 5—Simplified block diagram of typical regenerative repeater
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circuit is that it is not the absolute magnitude of the jitter on
the data signal that determines whether or not errors occur;
rather, it is the difference between the jitter on the clock signal
and the daza signal, which is referred to as alignment jitter. 1f
it is assumed that the jitter on the incoming dazasignal has a
spectrum given by G(w), then the clock signal, and hence the
signal passed on to succeeding parts of the equipment has a
spectrum given by

C(w) = G(w) H(w),

where H(w) is the jitter transfer function of the timing-
recovery circuit.

The simple bandpass type of timing-recovery circuit com-
monly used behaves as a low-pass filter on the jitter spectrum
(see Appendix).

The spectrum of the alignment jitter, A(w), is given by

= Gw){l - Hw)}. ...... 3)
The RMS value of the alignment jitter is given by
Jrms = \/_[l Aw)|dw. .. )
6

Assuming sinusoidal jitter, a tolerance curve can be drawn;
that is, the amplitude and frequency of a sinusoidal jitter
component that would be just sufficient to cause errors when
present on the input signal to an equipment. The shape of the
curve can be inferred from equation (3). Assuming the peak-
to-peak alignment jitter that is just sufficient to cause errors
has an amplitude A4 then, when the frequency of the input
jitter is high, H(w) tends to 0 and the permissible amplitude
of the sinusoidal input jitter tends to 4. As the frequency
decreases, H(w) tends to 1, and the permissible amplitude of

JITTER AMPLITUDE
(teg scale}

T
| \ Ideatized

Tolerance

I

|

|

|

f JITTER FREQUENCY
(log scale}

{a) Regenerative repeater

slopes - 20 dB/decade

HTTER AMPLITUDE
(log scale}

JITTER FREQUENCY
(log scale)

(¢) Jitter reducer

the input jitter becomes many times A. This characteristic is
illustrated in Fig. 7(a). The frequency f of the break point
corresponds to the half-bandwidth between 3 dB points of the
timing-recovery circuit, and is given by

=In
f"2Q'

where f, is the digit rate of the signal, and Q is the quality
factor of the timing-recovery circuit.

In a simple regenerative repeater, the output of the decision
circuit may be followed by amplification and equalization,
but there are no subsequent operations that change the jitter
tolerance from that shown in Fig. 7(a).

Equipments Incorporating Buffer Storage

In some types of equipment (for example, jitter reducers and
multiplex equipments) the simple D-type decision element is
replaced by a buffer store; data is written into the store under
the control of the recovered timing signal, but read out of the
store under the control of a different timing signal. In a jitter
reducer, the read timing signal is obtained by passing the write
(jittered)  timing signal through a narrow-band phase-locked
loop, which severely attenuates jitter components outside the
passband of the phase-locked loop, thus performing jitter
reduction. In a multiplexer, the read timing signal is derived
by division from the timing signal that establishes the rate of
the multiplexer output signal.

In these cases the tolerance to misalignment between write
timing signals and data at the input to the buffer store indicates
that the input jitter tolerance characterized by Fig. 7(a) still
applies over a certain range of frequencies and amplitudes

JITTER AMPLITUDE

{log scale) slape = 20 dB/derade

JITTER FREQUENCY
{log scale)

(b)) Equipment with buffer storage
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FiG. 7—Idealized sinusoidal input jitter tolerance of various equipments

POEE]J, Vol. 72, July 1979

99



There is, however, an additional constraint on input jitter
tolerance arising from misalignment between the write and
read timing signals. When the misalignment between these
timing signals exceeds the available capacity in the buffer
store. the store overflows (or underflows), resulting in some
digits being irretrievably lost (or, if the store underflows, some
digits being repeated in the output signal). It is important that
this typc of misoperation, known as uncontrolled slip, be
avoided, because it can generate many errors by causing
succeeding demultiplex equipments or digital switches to
lose alignment. Instead of increasing indefinitely with reducing
frequency, the tolerance of such equipments to sinusoidal
input jitter is truncated at an amplitude corresponding to the
available buffer storage capacity, as shown in Fig. 7(5).

In a jitter reducer, this flat portion of the jitter-tolerance
characteristic continues down to a frequency corresponding
to the bandwidth of the phase-locked loop. Jitter frequencies
within the passband are only slightly attenuated, thereby
reducing the misalignment between write and read timing
signals, which leads to the complete sinusoidal input jitter
tolerance characteristic of Fig. 7(c).

The complete characteristic for a multiplexer and demulti-
plexer, connected back-to-back, is shown in Fig. 7(d). The
increasing tolerance at frequencies below f; arises from the
justification process, which pcrmits jitter at sufficiently low
frequencies to be passed on to the demultiplexer, where it is
accommodated in the tributary store. The plateau at ampli-
tude 4, corresponds to the amount of excess storage available
in the demultiplexer, and the tolerance increases again at
frequencies below f;, when jitter frequencies fall within the
passband of the demultiplexer phase-locked loop.

SPECIFICATION METHODS FOR INPUT AND
OUTPUT JITTER

To ensure full interconnexion compatibility between all the
equipments forming a digital network, it is necessary to
ensure that the output jitter at any interface in a digital path
does not exceed the jitter that is tolerable at the input of the
succeeding equipment. This has led to the definition of a
performance standard for the minimum value of tolerance to
input jitter that can be applied to all equipments. Likewise, a
specification for maximum permissible output jitter at any
interface has been defined to ensure compatibility with the
above specification of input jitter tolerance.

Input Jitter Tolerance

The specification of input jitter tolerance is based on testing
with sinusoidal input jitter and has the general form shown
by the continuous line in Fig. 8. Agreement has been reached
within CEPT for the specification parameters at the CCITT
recommended digit rates of 2-048 Mbit/s, 8448 Mbit/s,
34-368 Mbit/s and 139-264 Mbit/s. Using a defined input
test signal, the amplitudes and frequencies of sinusoidal jitter
that are just sufficient to cause misoperation of the equipment
determine the maximum tolerable input jitter and should lie
above the curve in Fig. 8. The specified curve is thus the lower
limit of maximum tolerable input jitter.

The sinusoidal jitter used for test purposes does not simulate
the noise-like jitter that is generated within the network, but
it does provide information regarding peak-to-peak alignment
Jitter tolerance (A,). timing-recovery circuit bandwidth (/f3)
and buffer storage capacity, if any, (4,).

The characteristic illustrated by the solid line in Fig. 8 is
still considered incomplete, because no internationally agreed
specification exists for tolerance to jitter frequencies below f;.
Proposals have been made for a tolerance increasing at
20 dB/decade from a frequency less than or equal to f}, as
shown by the dotted line in Fig. 8. Although equipments
currently envisaged do possess such a tolerance, the need to
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specify this is still being discussed.

Maximum Permissible Output Jitter

The agreed method of specifying and measuring output jitter
permits tests to be carried out on jitter waveforms actually
generated in the network, even though the input jitter tolerance
is established using jitter having only one frequency compo-
nent present at a time.

Equation (3) demonstrates that, if the jitter present on the
input to an equipment, G(w), is passed through a filter having
a transfer characteristic 1-H(w), then the output of the filter
is equivalent to the alignment jitter that would be present in
an equipment having a timing-recovery circuit whose transfer
function is H(w). When H(w) is the transfer function of a
low-pass filter having a cut-off frequency f, 1-H(w) is that ol
a high-pass filter with a cut-off frequency at /.

Applying this result to the input jitter tolerance charac-
teristic of Fig. 8 where the output jitter from an equipment is
filtered by a high-pass filter having a cut-off frequency f3, the
output jitter from the equipment under test will not cause
errors at the decision circuit of the subsequent equipment,
provided that the peak-to-peak jitter at the output of the
filter is less than A,. Similarly. if the output jitter is filtered
by a band-pass filter having cut-off frequencies /; and f3, the
resultant jitter amplitude must be less than A4; to ensure that
the subsequent equipment does not misoperate,

This method of measuring output jitter in 2 frequency bands
forms the basis for the specification of maximum permissible
output jitter.

DISCUSSION

In the context of this article, the values agreed internationally
for input jitter tolerance and maximum permissible output
jitter are of lesser importance than the specification method
The choice of cut-off frequencies depends to a large extent or
the Q-factors of timing-recovery circuits used within equip
ments. At digit rates of 8-448 Mbit/s and above, the choic¢
has been based on the use of high Q-factor (:+1000) timing:
recovery circuits while, at 2-048 Mbit/s, low Q-factor (<100
timing-recovery circuits have been assumed.

Soime compromise is necessary when establishing the jitte
amplitude A4, in Fig. 8. This is because pattern-depcnden
jitter from digital line sections can increase without limit a:
the number of regenerators is increased whereas, except a
low frequencies, equipments such as muldexes have an uppe
limit to the amplitude of jitter that can be accommodated
which is determined by the size of the buffer stores. Measure
ments show that peak-to-peak jitter amplitudes in excess o
several unit intervals are possible from digital line section:
having more than 100 regenerators. The valuc of A, has beer
fixed at 1-5 Ul peak-to-peak for digit rates from 2-048 Mbit:
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to 139-264 Mbit/s; this is believed to represent a reasonable
compromise between the lengths of digital line section that
are likely to occur, the size of buffer stores in equipments, and
the additional cost of providing jitter reducers where these are
shown to be necessary. For the more complex higher rate
digital line sections, however, jitter reducers can be incor-
porated in line terminal equipments with little or no cost
penalty.

The fixing of limits for tolerable input jitter and maximum
permissible output jitter does not complete the discussion of
jitter. In particular, limits must be established for the output
jitter and jitter transfer characteristics of individual equip-
ments. This requires further consideration of the accumulation
of jitter within networks, taking account of the inherent jitter-
reducing properties of some equipments. The phase-locked
loops of demultiplexer tributaries, for example, effectively
filter off all but the lowest frequency components of the jitter
at the input to the demultipiexer and that passed on by the
justification process from the corresponding multiplexer input.
Because of this, each order of the hierarchy can, to some
extent, be regarded as independent of the other orders, as far
as jitter accumulation is concerned. Furthermore, digital
exchanges act as perfect jitter reducers; jitter present at the
input to the exchanges is absorbed, but the output signal is
timed by the exchange clock which, for practical purposes,
may be regarded as jitter free. All of these factors must be
taken into account when devising planning rules for a digital
network, and this is a matter of study, nationally and inter-
nationally.

CONCLUSION

This article has presented an outline of the nature of jitter in
a digital network, and the approach to specification and
measurement that has been adopted by European admini-
strations.

The nature of jitter in a digital network may be compared
with that of noise in an analogue network. Although thcsc
are both impairments. that propagate through the network,
the great advantage is that jitter can be reduced to any
desired level to ensure that a satisfactory system performance
is maintained.
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APPENDIX

The Jitter Transfer Function of a Single Tuned Circuit

The transfer function of a single tuned circuit at a frequency o,
relative to its transfer function at the resonant frequency wy, is
given by

Y(w) = —

1 +jQ{w3°—5’w°

where Q is the quality factor of the tuned circuit.
For small frequency deviations from wy, this is equivaler.t t>:

)

S T Y

where Aw = wy - .

The jitter on a recovered timing signal is equivalent to phase
medulation. If this jitter is sinusoidal and of small amplitude, the
spectrum of the jittered timing signal is as shown in Fig. 9. When
this is passed through a tuned circuit of resonant frequency wq, the
carrier component remains unchanged. However, the sidebands
suffer attenuation and phase shift according to equation (A2), in
which Aw = + w,, for the upper and lower sidebands respectively,
where w,, is the angular frequency of the jitter.

The amplitudes of the 2 sidebands will then still be equal, but
they will have suffered equal and opposite phase shifts. The signal
is therefore given by

cos wof + 1;, {sin (wo + w )t — @] — sin [(wp — wL)t + B},

where ¢ is the phase shift given by equation (A2), and A’ is the new
amplitude given by equation (A2).

This is €quivalent to a carrier wave, cos wgf, phase modulated by
a signal 4’ cos (w,,/ — #). The effect on the modulation is identical
to a filter with response:

.
T+jog 7
wof2Q

that is, a low-pass filter with a cut-off frequency equal to the half
bandwidth of the tuned circuit,

With more general jitter waveforms, the effect is found to be
similar, provided the peak-to-peak jitter amplitude is well below
one unit interval. At large amplitudes, the fiitering effect continues
to occur, but harmonics and intermodulation products of the jitter
also appear on the output signal.

Los wgl

AMPLITUDE

A i b — wmit + A (g + wmd
2 ?

FRFOUFNCY

F1G. 9—Spcctrum of a carrier signal cos wg? modulated by a signal
A cos wyt
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Development of an 11 GHz Digital

Radio-Relay System

Part 1—Design Considerations

E. G. JARVIS. C.G.I.A,, C.ENG., M.LER.E., FLT.E., and R. P. I. SCOTT, B.SC(ENG.), C.ENG., M.LE.E.T

UDC 621.371: 621.37.029.6: 621.376.4

Part I of this article describes the considerations that have led to the choice of design parameters of an
11 GHz digital radio-relay system. Part 2 will describe the configuration and paramerers of the required
system. The system will carry trunk traffic at 140 Mbit(s on each radio-frequency channel, and will use the
sites and structures of the existing analogue 4 GHz and 6 G H: radio-relay network. A later article will
describe the system which is being developed by GEC Telecommunications Ltd. for the British Post Office.

INTRODUCTION

Digital radio-relay systems will form a significant part of the
digital main transmission network to be provided by the
British Post Office (BPO). The 11 GHz digital radio-relay
system will feature in the initial stages of the provision by the
BPO of an integrated network of digital transmission and
switching systems.

The existence of sites and structures used for the analogue
radio line-of-sight network suggested the possibility of over-
laying the 4 GHz and 6 GHz radio network with an 11 GHz
digital network. Use of existing plant and accommodation
will be cost effective and enable rapid provision of some of
the digital-overlay network. Work began in 1972 directed
towards this objective.

The 11 GHz phase-shift-keyed (PSK) line-of-sight radio-
relay system to be described in this article provides 6 bothway
radio-relay channels, each channel operates at a digital rate
of 140 Mbit/s in the band 10-7-11 -7 GHz, employing 4-phase
modulation and coherent demodulation. Each radio-relay
channel is capable of tr: asmitting 1920 telephone channels
or at least 2 television channels. Part 1 of this article describes
in detail the various parameters that have been considered in
designing an 11 GHz digital radio-relay system: Part 2 will
describe the configuration and parameters of the required
system.

GENERAL DESIGN CONSIDERATIONS

A digital radio-relay channel consists principally of a modula-
tion stage providing a radio frequency (RF) output, RF
transmit and reccive filters (which form part of thc channel
combining and separating networks) and a receiver containing
a demodulator. A block diagram of a digital radio-relay
channel is shown in Fig. 1.

A gradual roll-oft of the overall transmission characteristic
has been shown to be advantageous when considering the
efficiency of operation of a single RF channel!' 23, The trans-
mission characteristic of a channel is the cumulative charac-

t Research Department, Telecommunications Headquarters

BASEBAND
140 Mbit/s DIGITAL MOOULATION TRANSMIT  AERIAL
INPUT PROCESSING STAGE RF FILTER

—{ H_H

teristic of all the filtering in that channel. This filtering could
include pulse-shaping at the baseband input to the modulator,
RF transmit and receive filtering, intermediate frequency (IF)
transmit and receive filtering and post-demodulator baseband
filtering.

A system that makes the most efficient use of bandwidth
requires that the maximum number of RF channels be pro-
vided in a given band. To provide the greatest number of
channels, the filters specified for a practical system must
restrict the channel bandwidth. This restriction of bandwidth
keeps adjacent channel interference* at an acceptably low
level, provides a suitable limitation of transmitter out-of-band
energy, provides rejection of received out-of-band energy and
image frequencies, and limits the receiver noise bandwidth.
To achieve this, it is necessary to use filters whose roll-off
characteristics are sharper than an ideal filter for a single RF
channel. Filters with sharper rotl-off characteristics spread
received pulses over subsequent and preceding decision
instants at the regenerator, so producing intersymbol inter-
ference; this is due, predominantly, to the group-delay
distortion introduced by this type of filter characteristic.
Group-delay equalization of some form is necessary to reduce
intersymbol interference.

Baseband Pulse-Shaping Filtering

There are two main purposes for which baseband pulse-
shaping filtering can be used:

(a) to provide filtering of the frequency spectrum (which
requires that the modulator, up-converter (where used) and
output amplifier shall all have linear characteristics), and

(b) to reduce the effects of spectral foldover.

When a carrier is modulated by a digital baseband signal,
a digital spectrum is generated centred on the carrier fre-
quency. The spectrum is repetitive at intervals of symbol-rate
spacing on either side of the required carrier, the amplitude
decreasing with spacing. The generated spectrum is con-
tinuous, and is reflected at zero frequency; this is known as
spectral foldover.

Where an intermediate-frequency (IF) amplifier is used in

BASEBAND
AERIAL  RECEWVE DIGITAL 140 Mbit/s
RF FILTER RECEIVER  PAOCESSING OUTPUT

7 e

Fic. 1—Block diagram of a digital radio-relay channel
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F1G. 2—Frequency plan of 11 GHz digital radio-relay system

the transmitter, it is necessary for the IF to be at least 6 times
the symbol rate to ensure that the interference from the
spectrum foldover is insignificant. If the pulses are shaped,
the IF can be reduced. If required, the full spectrum can be
restored by hard limiting at RF, or the shaping can be part
of the filtering.

The technique of baseband pulse-shaping filtering is used
in some systems but has not been adopted for the proposed
11 GHz system.

Transmitter IF Modulation and Direct RF Modulation

Including the bits for error monitoring, the 11 GHz system
operates at above 140 Mbit/s. The system has a 4-level PSK
modulator and operates at a symbol rate just above 70 Mbaud.
Without shaping at baseband, the IF would need to be about
6 times 70 MHz; that is, 420 MHz. The 400-500 MHz band
is a technically difficult and costly band in which to operate.

Direct RF modulation has the disadvantages that no back-
to-back transmitter to receiver tests can be made, an IF test
modulator is required and group-delay testing in the field
requires modified test equipment. However, direct RF modu-
lation overcomes the spectral foldovcr problem and dramati-
cally reduces equipment costs in the transmitter. Receiver
costs are also reduced because a receiver IF of 140 MHz, a
standard CCIR (International Radio Consultative Com-
mittee) frequency, is now possible. Direct RF modulation
has been adopted in the present design of 11 GHz transmitter.

Receiver IF Filtering and Post-Demodulator Filtering

The adoption of 140 MHz as the receiver IF introduces a
requirement for post-demodulator filtering. Components of
the spectrum at 140 MHz (and its second harmonic) will be
present after the demodulator. However, a balanced demodu-
lator will reduce the level of the 140 MHz component.

The combination of IF filter and post-demodulator filter
must of course meet the same performance specification for
that of a single IF filter suitable for a system. However, there
are a number of factors which aid the realization of an
acceptable design. When designing the filter, there will be an
overlap of the spectrum from both the co-polar adjacent
channels and the adjacent channels interleaved on the oppo-
site polarization (the 11 GHz frequency plan is shown in
Fig. 2). A table of carrier-to-interference (C/I) levels® must be
produced for a system, together with a table defining the
effect of the filters on the received pulse amplitude out of the
demodulator (that is, eye amplitude?), and also a table of the
rejection produced by the filters.

Distribution of Selectivity

The channel selectivity of the proposed system is distributed
between transmit and receive RF channel filters and the
receiver IF filter (including the effect of the post-demodulator
filter). A distribution giving similar bandwidths for these
3 areas of filtering can minimize adjacent-channel interference,
but some variation from this situation is possible with only a
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small increase in levels of adjacent-channel interference. The
ratio of RF to IF filter bandwidths can be varied from unity
(equal distribution of selectivity between the 3 filters) to
about 1 -8, while still maintaining sufficiently low levels of
adjacent-channel interference.

Slightly less bandwidth at IF than in each RF channel filter
is proposed, giving a lower noise bandwidth and an improve-
ment in fade margin of about { dB compared with an equal
distribution of selectivity.

Summary of Operating Conditions

The required operating characteristics of the system are given
in Table 1.

TABLE 1
System Operating Characteristics
Parameter Performance

Transmitter power <+ 10dBW
Normal receiver power (input to down

converter) —60 dBW
Fade margin 40 dB
Noise bandwidth 80 MHz
Receiver noise figure at input to channel filter 8dB
Carrier:f-c)-r;ogg‘.ratio during 40 dB fade 18 dB
E;)rmal error probability better than 10-°
Error probability during 40 dB fade better than 105

A carrier-to-noise ratio (C/N) of 18 dB can give a better
error probability than 10~5. However, the following section
of this article shows why this value is necessary in order to
provide a reasonable margin for C/I degradation.

FILTER DESIGN CONSIDERATIONS
Filter and Systems Parameters

An initial postulation of filter and system parameters must
be made; the 11 GHz filter structure has been derived on the
basis that a 10 dB margin exists in C/I for normal signal levels
when thereis no noticeable degradation in C/N. This margin is
obtained for a co-polar channel spacing of 1 - 74 times the sym-
bol rate allowing for a transmission rate redundancy of up to
10:6% over the hierarchical data rate of 139-264 Mbit/s;
that is, a total digital rate capability of 154 Mbit/s. This
corresponds to a symbol rate of 77 Mbaud for a 4-phase
system. The overall bandwidth utilization is therefore
1-68 bit/s Hz.

The channel frequencies are shown in Table 2. The aerial
and multiplexing arrangement are shown in Fig. 3; the

channel-amplitude and group-delay responses are also shown
in Fig. 3.
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TABLE 2
RF Channel Frequencies

Frequency
Channel (GHz)
1 10-775
2 10-842
3 10-909
4 10-976
S 11-043
6 t1-110
| 11:290
2’ 11-357
3 11-424
4 | 11-491
5 H 11-558
6 11625

Note: Throughout this articie the convention of a channel with a prime (I’) is
used to denote a channel in the upper half band; an unprimed channel
number denotes the corresponding channel in the fower haif band used for
transmission in the opposite direction.

(0} Aeritl and multiplexing arrangcment
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Fic. 3—Initial proposal for aerial and multiplexing arrangements
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Filter Types

The filter calculations assume that the bandpass filters ai
adequately represented by reflecting the characteristics of tt
corresponding low-pass prototypes about the centre fr
quencies. Table 3 describes the proposed filters.

The broad-band filters covering half the band are require
to ensure sufficient rejection of interfering signals fro
outside the 10-7-11-7 GHz band and from the local tran
mitters. These filters reduce the power outside the 10-°
11-7GHz band and they also reduce interference due
mixing products. It is possible to avoid the use of flankii
filters (additional filters used purely to ensure that the syr
metry of the filtering of each channel is within acceptat
limits) by use of the group delay of the broadband filters
the edges of their responses.

TABLE 3
Filter Types

Filter Type

Chebyshev 5-pole 0-0004343 dB equ
ripple transmission (that is, 1% r
flection).

3dB bandwidth =175 B = 134-75 M1

Transmit and receive
RF filter

Receive IF filter 7-pole Bessel with 3 dB bandwidth -

| B = 77 MHz

Transmit IF filter | None

Broadband filters Chebyshev 7-pole 0-0004343 dB equ
ripple transmission.

3 dB bandwidth == 298 MHz

B = Symbol-rate bandwidth

Minimum Eye-Amplitudes
The eye amplitudes of the filter configuration described
Table 3 are given in Table 4.

Eye amplitude is a good measure of equipment performanc
and theoretical studies have shown that the maximum possit
value should be sought. Fig. 4 shows how the error perfort
ance in the presence of thermal noise degrades rapidly wi
reducing eye amplitude, but the effects are even more seve
when interchannel interference is also present. Therefore, it
necessary for the group-delay distortion to be equalized.

The value of eye amplitudes given in Table 4 should not
regarded as design objectives but as the minimum acceptab
Any improvement that can be achieved in this respect v
considerably enhance the overall system performance.

TABLE 4
Eye Amptitudes
Configuration of Filters Eye
Described in Table 3 Amplitude
With no group-delay equalization } 0-74
With perfect group-delay equalization . 0-88

Interference Requirements

Table 5 gives the calculated C/I levels for the postulated fil
arrangement.

The critical interferences are those from adjacent chann
on both the same and the opposite polarizations. It has b¢
assumed that, under good conditions, a cross-polar isolati
(XPI) of 30 dB can be achieved, although it is recognized t!
it would be unwise to rely too much on this figure.

Using the information given in Table 5, a resultant C/I
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TABLE 5
Carrier-to-Interference Ratios

| C/I (without

Interfering  Isolation | selective
Channels due to Other Losses fading or
Filters depolarization)
(dB)
1’ into 3’ 356 356
5’ into 3’ 35-6 i 35-6
52;103‘ - 7-5 E;umcs crgss-polar 3’75 .
4’ into 3’ 7-5 isolation of 30dB 37-5
A;ial isolat_ion T o
loss = 70 dB.
6 into !’ 735 Waveguide and 89
circulator
loss = 10dB

culator = 10dB.
Isolation loss

6 into 4 177 between ports of 162-5
dual-polarized
feed :- 40 dB.
. Isolation loss due to B -
S into 4 187-5 circulator == 143
20dB
Total C/I | )
(maximum in the absence of selective fading for
a cross-polar isolation of 30 dB; that is, for 30-5

channels 3, 4, 3’ and 4
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30-5 dB has been predicted. From the curves given in Figs. §
and 6, it can be seen that the 10" 5 error probability objective
for a C/N ratio of 18 dB and the 10~° error probability
objective for a C/N ratio of about 58 dB can both be met with
a large margin.

Theeflect of 20 dB or worse C/I for the lower eye-amplitudes
is not shown in Fig. 6, but it is known that the performance
rapidly degrades in this region. The filter structure is therefore
seen to have been postuiated on the basis that at least a
10 dB margin exists in C/I for normal signal levels, and this
margin is allocated for frequency selective fading.

It is not possible, at present, to estimate how often a system
with the parameters described might excced the maximum
allowable error probability, but it is considered that the
information given in Table 5 represents the best C/l margins
that can reasonably be expected for a 6-channel scheme; any
alternative choice of filters should show no significant de-
gradation beyond this point.

Performance Requirements for the Broadband Filters

The half-band filters should provide a high level of rejection
consistent with a small degradation in the performance of the
radio channels,

The filters described in Table 3 meet the above require-
ments, even for interfering signals on receiver image fre-
quencies.
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TABLE 6
Effects of Filter Errors

i t Eye Amplitude
Rejection due :
to Filters i With No With Complete
Error (Interference Group-Delay Group-Delay
S’ into 3’) Equalization Equalization
(dB)
None 356 0-740 ~ oss0
Shi}ting the centre frequency of each filter in the same direction by ST T
+1 MHz . 0-725 0-877
Increasing the bandwidth of every filter by 4%, 329 0-717 i 77(7)9072'
Decreasing the bandwidth of every filter by 4%/ 385 0-677 B 0 8?0
TABLE 7
The Effect of the IF Fiiter on Eye Amplitude and Rejection
due to Filters
Rejection Due to Filtering Eye
. (dB) Amplitude
IF Filter (With/without
Group-Delay
6" on 4’ Son 4 3on2 Son2 6onl’ 6 on 4’ Equalization)
7-pole Bessel (3 dB bandwidth = B) 35-6 187 7.5 137 7 177 | om0
0-880
. - . S O
5-pole Thompson (3 dB bandwidth = B) 35-6 187 7-6 137 73 177 { 0-747
0-878
3-pole Thompson (3 dB bandwidth = 0-955 B) 34-9 187 7-8 137 73 177 V 0-750
0-853
2-pole Butterworth (3 dB bandwidth = 0-962 B) |  34-8 187 78 | 15 | 1 | 11 | oms
0-855
R = Symbol-rate bandwidth
Filter Accuracy TABLE 8

The accuracy to which the filter design must be realized is

Degradations of Linear-Phase Filters

indicated in Table 6. -
Decgradations Eye Amplitude
Alternative Types of IF Filter Basic flter eye amplide 08
The effect of changing the receiver IF filter is shown in Filter tolerances plus frequency offsets 0-05
Table 7 Modulator imperfections; including TWA
L .. AM/PM 3°/dB within a contour specified 0-07
It is evident from Tab!e 7 that, on the criteria of C/ Demodulator imperfections, including effects
performance and eye amplitude, any of the above mentioned of worst patterns and carrier recovery 0-03
filters would be satisfactory. Regenerator and timing recovery imperfec-
tions 0-03
Apportionment of Degradation Sum of degradations o8
There are 2 main causes that result in degradation of the eye Resulting eye amplitude 0-7

amplitude: propagation effects and imperfections in the
equipment. The latter is described below.

It has been seen that the eye amplitude is reduced from
1-0 to 0-88 by the channel filtering because of restriction of
bandwidth and that filter tolerances and frequency offsets
have an effect. There will be further degradations because the
modulator will have phase and amplitude inaccuracies. These
can be defined by a contour within which phase and amplitude
inaccuracies can be traded one for the other, allowing greater
phaseinaccuracies whereamplitudeinaccuracies are lower (and
vice versa). There will be some degradation due to amplitude-
modulation to phase-modulation-conversion, particularly in
the travelling-wave amplifier. Demodulator imperfections
include the effects of any data pattern dependency, recovered
carrier-phase inaccuracies, and noise on the recovered carrier

signal,
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AM: Amplitude modulation
PM: Phase modulation
TWA: Travelling-wave amplifier

The regenerator could have an amplitude-conscious inde
cisive region, which can effectively reduce the eye amplitud
as can jitter on the recovered clock signal.

These degradations must be apportioned in a manne
that permits practical implementation of the equipmen
while maintaining a good eye-amplitude. Table 8 shows ai
apportionment of these degradations that achieves thes
objectives in an 11 GHz system.

Under normal propagation conditions, degradations du
to the channel combining networks and to interchanne
interference will be additional small contributions.
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PRACTICAL FILTER DESIGN FOR A SYSTEM

The filter design described in the previous section of this
article provides the minimum design objectives for an 11 GHz
system. There are other filter designs that meet the objectives.

Linear-phase filters of the Levy type® are preferred; these
have pass-band group-delay characteristics that are adjustable
at the design stage and have amplitude characteristics which
are similar to those of the postulated Chebyshev filters. The
reflection performance of a linear-phase filter is similar to
that of an equivalent Chebyshev filter. Use of these filters can
give a theoretical value for the eye amplitude of 0-88 without
group-delay equalization. The improvement obtained by
using 6-cavity linear-phase filters with the suggested aerial
arrangement is shown in Fig. 3.

Further improvement is achieved with the aerial arrange-
mentS shown in Fig. 7, where pairs of channels, separated by
268 MHz instead of 134 MHz, are multiplexed together on
separate aerials. The linear-phase filters of this arrangement
are 8-cavity filters, which also give an eye amplitude of 0-88.
This arrangement allows broadband filters to be dispensed
with unless a need is shown, in which case they can be added
without affecting performance.

The advantages of the first aerial arrangement, as shown in
Fig. 3, are that channels 1, 2 and 3 could be installed initially
and not be affected subsequently during a second phase, the
commissioning of channels 4, 5 and 6, when oscillators would
be swept over the band occupied by channels 4, 5 and 6; also,
cross-polar isolation could be adjusted for the frequency
band of channels 1, 2 and 3 and this would be independent of
the frequency band of channels 4, 5 and 6. Also, cross-polar
isolation between channels 3 and 4 will need to be adjusted to
optimum during the two phases of commissioning using the
scheme shown in Fig. 3. The arrangement shown in Fig. 7
allows greater spacing between channels on the same polari-
zation. This means less reflection distortion from the RF
filters and eases the design of broadband filters. However, the
cross-polar isolation of each aerial must be good over a
broader band.

The technical advantages of the arrangement in Fig. 7 out-
weigh the doubtful commissioning advantages of the arrange-
ment of Fig. 3. The arrangement in Fig. 7 -has been adopted
for the 11 GHz system.

The post RF filtering, see Table 7, is split between an IF
filter and a post-demodulator filter. The IF filter will therefore
be slightly wider than that shown in Table 7, so that a combi-
nation of the IF filter and the post-demodulator filter provides
the required shaping.

CONCLUSION

The characteristics of an 11 GHz digital radio-relay system
have been established. Part 2 of this article will describe the
configuration and parameters of the required system.
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A New Digital 1VF Signalling Unit

E. J. WELSH, B.A., (TELECOMMS.), C.ENG., M.LE.E,, and P. F. ADAMS, B.sc,, C.ENG.}
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The British Post Office is to provide an integrated network of digital transmission and switching system
Jor the UK telephone network. During the transition from an analogue to a digital network there will be .
need to interface existing analogue transmission systems with digital transmission and switching system:
This article describes how digital filtering techniques have been used to construct an interface between

voice-frequency signalling system and the time-slot 16 signalling system used in 30-channel pulse-cod
modulation equipment. The performance requirements, filter design and some of the results obtained fror
practical testing are presented. Further research work on how the cost of the unit can be reduced is als

outlined.

INTRODUCTION

In the UK telephone network, analogue transmission is being
increasingly replaced by digital transmission using pulse-
code modulation (PCM). [n thc future, the British Post
Office (BPO) proposes! to introduce an integrated network of
digital transmission systems and digitally-switched telephone
exchanges (known collectively as Systern X)?, which switch
PCM channels directly. Although the digital network is
intended eventually to replace the present network, there will
be a significant transition period when interworking between
analogue and digital systems will be essential. The interface
equipment must provide conversion between the digital and
analogue forms of both the speech and the signalling. Part of
the digital nctwork, known as the signalling interworking
sub-system (SIS), will deal with the signalling interface.
Initially, this equipment will be a large proportion of a
System X exchange but, as the digital network grows, the
need for interworking will be reduced.

Existing analogue transmission systems employ frequency-
division multiplex (FDM) between trunk exchanges; pre-
dominantly, information nccessary for the routing of a call
and for supervising its progress is sent using Signalling
System AC No. 9 (SSAC 9)*4. In the transit network, the
line signalling system SSAC 11° is used. Both SSAC9 and
SSAC 11 send information in the form of bursts of a single
voice-frequency (1VF) tone of 2280 Hz. The hursts of tone,
which may be of 10 ms-900 ms duration, represent various
signalling conditions in both the forward and backward
directions of transmission. In a 30-channel PCM system,
time-slot 16 (TS16) is used to provide a common time-shared
signalling channel for all 30 speech paths by means of a
16-framc multi-frame®. To enable conversion between 1VF
and TSI16 signalling, a standard interface has to be established
at the conversion point; this article describes such an interface.

POSSIBLE INTERFACES FOR 1VF TO TS16
CONVERSION
There arc no particular economic or technical ditficulties in
converting the signalling from TS16 to 1VF. Digitally-
generated tones at 2280 Hz can be introduced into each
speech channel prior to decoding. In the reverse direction,
there are 3 possible methods (see Fig. 1) of converting the sig-
nalling from an analogue to a digital form, as described below.
(a) Conventional analogue VF receivers can be used on
each incoming channel to detect the signalling and separate
it from the speech. Thirty channels (speech only) can then
be combined and encoded using standard PCM multiplex
equipment, in which the signalling is converted into a format

1 Research Department, Telecommunication Headquarters
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Fic. 1—Methods of converting from 1VF to TS16 signalling

similar to that already used in TSI6.

(b) Thirty channels containing both speech and signalli
can be digitally encoded (again using standard PCM mu
plex equipment) and digital filtering techniques used
detect simultancously the presence of signalling tones in
30 channels, using time-division multiplex (TDM) techniqu
Path splitting is. then carried out digitally.

(c) A transmultiplexer can be used to convert FDM
PCM, and digital filtering techniques used to detect the ¢
sence of signalling tones in a similar manner to (b).

French researchers’ claim considerable advances in
development of transmultiplexers hut, in the UK, althot
work is in progress, a system has not yet been demonstrat

Method (b) is technically feasible and offers worthwl
savings compared with method (a). The interface is showr
more detail in Fig. 2. Thirty analogue baseband channels
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combined in a PCM multiplex, which produces an output in
HDB3 codet suitable for line transmission. The signal is PROGRAMMABLE —
converted to a unipolar form and each 8 bit A-law encoded READ - ONLY ouTPUT
sample is converted to the equivalent 13 bit linear code. MEMORY —
Arithmetic operations in the digital filter circuits are much
easier to perform on a linear code than on a non-linear code, ADORESS SELECT
such as A-law or p-law. Valid signalling tones are detected A
by the 1VF receiver and used to operate a digital path split-
ting network to remove the encoded signalling tones from COUNTER
the speech time-slots.

Codes corresponding to the validated signalling tones are
inserted into TS16. The speech samples are finally converted
back into 8 bit A-law samples and into the HDB3 line-code
format. The entire interface, excluding the method of con-
version from analogue to digital (the PCM multiplex, as
shown in Fig. 2), is known as a I VF Unit, and will be intro-
duced into the field with the first digital main-network
switching centre (D MNSC).

THE 1VF UNIT

The 1VF Unit can be considered as consisting of 2 parts: a
TS16 to 1VF converter, and a 1VF to TS16 converter. The
standard HDB3 line-code is used for communication between
the 1VF Unit and the exchange. A common interface is used
to convert the HDB3 signals into binary and the converse,
to recover the 2048 MHz clock and to detect the synchroni-
zation pattern. It also recovers and reinserts channel 0.

TS 16 to 1VF Converter

In the TS16 to 1VF converter, the signalling codes are
removed from TS16 and used to gate samples from a digital
2280 Hz tone generator into the appropriate speech time-
slots. A digital tone generator can be made by storing samples
in programmable read-only memories (PROMs). These
samples are selected in sequence by a counter running at
the sample frequency 8 kHz, (see Fig. 3.) The output from
such an arrangement (se¢ Fig. 4) is the same as would be
produced from a PCM coder (A-law). The number of samples
required to produce an integer number of cycles, which
repeats, can be found from

N x f
H= 5500
where H is the number of cycles (and is integer), N is the
number of samples, and f is the tone frequency (2280 Hz +
tolerance).

The lowest value of A to satisfy this equation at f = 2280 Hz

t HDBnx is one class of highly-redundant ternary codes, known
as high-density bipolar, of the order n, where n is the maximum
number of consecutive zeros in the HDBn signal. In this case, n =3
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F16. 3—Block diagram of digital tone generator

\

7
e

i
|
|

SAMPLE 2 3

FiG. 4—Output from digital tone generator

is 57; therefore, N = 200 samples. However, it is possible to
reduce this number of samples by using 2285-71 Hz, which
is still within the specified frequency tolerance. Using this fre-
quency, 7 samples only need to be stored.

This article will not deal further with the TS16 to 1VF
translation; only the 1VF recciver is dealt with in detail.

1VF to TS16 Converter

The 1VF to TS16 converter is more complex, and it is here
that digital-filtering techniques have been employed. The
HDBS3 serial digital stream is converted into binary, and the
2:048 MHz clock and the frame-start vector are recovered
using the standard circuit previously mentioned. The binary
words obtained for each channel will be in A-law form.
These are fed in parallel into a PROM, which converts the
8 bit words into 13 bit linear two’s-complement codes.

The next part of the circuit, the 1VF receiver, can be
considered as a 2280 Hz band-pass and band-stop filter,
known as the norch circuit; and a method of comparing the
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filter outputs to decide if a valid signalling tone, and not
speech, is present, known as the guard circuit. Subsequent
short breaks in the signals are masked before the messages
are passed to the next part of the circuit.

Messages that indicate if tone is present in a particular time
slot are sent from the digital receiver to a control circuit. In
the control circuit, these messages have to be timed to deter-
mine when splitting of the path is necessary. This is similar
to the function provided by the analogue relay-set in prevent-
ing signalling tones being passed on to subsequent trans-
mission links. The control circuit also reconstitutes the
PCM frame, inserting messages in the appropriate TSI16
that indicate if tone is present. The control circuit does not
do any further timing; this is done in the exchange processor.

DIGITAL 1VF RECEIVER PERFORMANCE-
SPECIFICATION

The performance specification of a digital 1VF receiver has
been based on the performance requirements of existing
analogue 1VF receivers. Relevant details of the specification
are summarized below.

Frequency

The receiver shall operate to frequencies within the range
2280 + 25 Hz and shall not operate to frequencies outside
the range 2280 — 75 Hz.

Transmission Levels

In the BPO main network, 2-wire switched circuits that use
SSAC 9 for line signalling have [IVF receivers connected
permanently across the 4-wirc receive path of an associated
2-wire-to-4-wire hybrid. In the case of circuits used for
connexions established over the 4-wire switched transit net-
work, 1VF receivers (SSAC 11) are also permanently asso-
ciated. Thus, in each case, the receivers are connected at
points of known relative power-level and, hencc, the dynamic
range of receiver operation has been established.

Digital 1VF rcccivers will be connccted via 30-channcl
PCM multiplex equipments, for which the nominal input
test level is specified as —3-8 dBmt, (This level is specified
in order to give the optimum dynamic range to speech
signals.) Hence, the operate range of the digital 1VF receiver
has been spccified as —0-8 dBm to — 18-8 dBm, and the non-
operate power level as —28-8 dBm or less.

Immunity to Speech

A guard circuit is used to prevent false operation of the
signalling detector by speech. This is achieved by comparing
the power within the signalling frequency band, centred on
2280 Hz, with the power in the remainder of the telephony
channel.

The receiver shall have a voice immunity of better than one
false operation of 20 ms duration in two speech hours, and
one interruption of 50 ms in 10 speech hours. (A speech-hour
is 1 h of continuous speech and does not include those
quiescent periods that occur in normal conversation.)

Immunity to Interfering Tones

Extraneous tones having frequencies outside the operating
signal frequency range shall, when present at sufficient level,
prevent or guard against operation of the receiver to a
genuine signal.

The receiver shall operate if the signal level is greater than
the guard tone level by more than the values shown in
Table 1.

An operated receiver shall release if the guard tone level
increases such that the signal level is not greater than the
guard tone level by the values shown in Table 2.

t dBm—power level relativeto 1 mW
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TABLE 1

Signal-to-Guard-Tone Power Margins
for Operation of Receiver

Guard-tone ’ : |

fre(cll_lue)ncy . 500 [ 750 | 1000 [ 1250 | 1500 |1750 | 2000 | 3000
z

Signal level
above guard- 16
tone level |

(dB)

TABLE 2

Signal-to-Guard-Tone Power Margins
for Release of Receiver

Guard-tone !

fx'eque)ncy 500 | 750 | 1000 | 1250 1500“750 2000 | 3000
(Hz

Signal level
above guard- 7
tone level

(dB)

10|12 112 [ 12 |12 7 9

Response Times
The response times specified for the digital 1VF receiver are

(@) Turn-on delay: The receiver shall operate in less tha
10 ms.

(b) Distortion: The receiver shall give an output whos
duration does not differ by more than +5 ms from that ¢
the input signal producing it.

(¢) Short-break masking: Breaks in the signalling tor
shorter than 4 ms shall be ignored. The performance of tt
receiver to breaks in the signal of greater than 4 ms duratio
will be a function of the normal decay time of the receive
but breaks ef greater than 10 ms shall not be ignored. Apa:
from breaks shorter than 4 ms, the input signals must t
continuous during the recognition time before being accepte
as a valid signal.

THEORETICAL DESIGN OF THE RECEIVER

To provide the guard action required by the specification, tt
present analogue receiver separates the range of sign
frequencies from the rest of the speech band, so that tl
signal and other power levels may be estimated and con
pared. If the ratio of signal powecr lcvcl to other power leve
is large enough then the receiver registers a valid signal. Tl
same principle is adopted for the digital receiver, which us
the digital filters as shown in Fig. S. (The reader who

unfamiliar with digital filters is referred to the Appendix fi
a brief introduction.) With reference to Fig. S, the networ]
giving the transfer function F(z) act as a bandstop filter

remove the allowed range of signal frequencies, so that tl
level of the frequencies in the rest of the band may be esi
mated. The network giving the transfer function G(

_provides a band-pass filter, which passes the band of val

frequencies so that the signal level may be estimated. Ti
estimates of level are obtained by full-wave rectification a1
low-pass filtering. The two levels are compared by su
traction and sign extraction. By making the 2 low-pass filte
identical they may be replaced by one filter after the su
traction.

The chief design considerations are now examined in tur
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Bandwidth of the 1VF Receiver

The filter section with transfer function P(z) (see Fig. 5) has
a transmission zero at a frequency fy, which is related to the
coefficient A4, by

A, = —2cos 2nf,/f),

where f; is the sampling rate (8000 samples/s).

The frequency fy is specified as 2280 Hz, which leads to a
value for A, of 0-43628. For realization with real hardware,
the coefficients must be approximated by binary numbers.
If A, is made equal to 7/16, then f, is about 2281 Hz, which
is a close enough approximation.

It can be shown® that the bandwidth of the receiver
(assuming perfect level detection) is given by

Af=1fi—HHz, ©)
where f| and f; are the band edges and are given by
I _ {
f|‘2 = ZTT/S Cos [_ E(An + K):|, ..... (4)

where K is the multiplier coefficient indicated in Fig. 5. The
value of K is chosen so that the bandwidth given in the
specification is met: that is, so that S0 Hz << Af << 150 Hz.

Guard Factor

The guard factor (m) of the receiver is defined as the ratio
P/P; which just causes an otherwise valid signal to be rejected;
P is the power at the signal frequency f and P; is the power
of a single interfering tone. It can be shown?® that the guard
factor, as a function of f and the frequency f; of a single
interfering tone, is given by

2

] ...(5)

K? — P(jw;)?
m=10lo ————— | +10lo
810 [P(jw)2 — K2 =41
The first term in this equation gives the contribution of the
filter section P(z). Since 4, and K have already been chosen,
this contribution is fixed; it is, however, a function of the
signal frequency f = w/2n. The quantity P(jw) varies be-
tween 0 at /= 2281 Hz and a maximum of 0-0396 at
f = 2255 Hz, giving a variation in m of Am where
Am = —101logo[l — (0:0396/K)*]. ...... (6)
Equation (6) shows that to reduce Am, K should be chosen
to be as large as possible.
The second term in equation (5) is the frequency response
of G(z) normalized to 0 dB at frequency f, and it must be
designed so that m meets the specification. Coefficients A4,

G(jw;)
G(jw)
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and B, define the frequency response of G{(z); appropriate
value were found using a template-design method®.

Level Detection

The level detecting circuits shown in Fig. 5 are about the
simplest which can be used. Full-wave rectification is easy to
implement in a digital processor; it is simply the process of
making all data positive. The design of the low-pass filter
is a compromise between adeguate smoothing of the output
on the one hand and the introduction of excessive round-off
noise (due to having a highly-selective filter) on the other.

Determination of Scaling Coefficients

In the implementation of digital filters, care must be taken
that overflow does not occur at any of the summation nodes.
Such overflow can lead to severe distortion and, sometimes,
large amplitude oscillations. Fortunately, it is possible to
determine values for the scaling coefficients such that over-
flow cannot occur for any sequence of input samples. Suitable
scaling coefficients were found to be R = 1/4 and V = 1/16.
These values are negative powers of 2 and are thus very
easily realized with binary hardware.

Data Word Length

Before the receiver could be realized, it was necessary to
determine the internal data word length and to prove that
the theoretical design worked. To this end, a simulation
program was written. It was found that for a 16 bit (including
sign) data word length, the receiver met the bandwidth,
dynamic-range and guard-responsc requirements of the
specification. It was also found that the maximum turn-on
time, Simax, Of the receiver, the minimum turn-on time, Symia,
the maximum turn-off time, L;yay, and the minimum turn-
off time, L, were 4 ms, 2ms, 875 s and 250 us respectively.
These times are satisfactory and are discussed in the next
section.

Short-Break Masking

The specification calls for the receiver to ignore breaks in
the input signal of less than 4 ms but not greater than 10 ms.
The requirements of the masking circuit, can be formulated
as follows. Fig. 6 shows the effect of the masking circuit in
introducing a turn-off delay of L, and a turn-on delay of S,,
where S; and L, are bounded by the following conditions.

To meet the 10 ms maximum turn-on time of the speci-
fication:
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Simac + Sz < 10ms. ... @)

To meet the part of the specification that defines the
maximum change in pulse length as S5ms:

Ly + Limay — Simin — Sz < Sms,and .... (8)

Ly + Linin — Simax —S2> —Sms. ...... 9)

To meet the short-break specification:
4 + Symax — Limin < Lz,and  ...... (10)
10 + Simin ~ Limax >Ly  ...... an

Thus, for instance, S; could be 6 ms and L, could be 10 ms.
However, delays of this magnitude involve the use of a circuit
that can ‘remember’ past outputs of up to 80 samples when
the sampling rate is 8000 Hz. To reduce this, the sampling
rate can be reduced by a factor n by taking only every nth
sample from the output of the receiver. An effect of doing
this is to increase the value of Lyp,, and S)max by (7 — 1)/8ms.
It is convenient to choose n as a power of 2, and the largest
value of n for which equations (7-11) have a solution is 8.
Because of the reduction in sampling rate, S, and L, are
constrained to be integer multiples of 1 ms. A solution of
equations (7-11) is L, = 9 ms and S, = 4 ms. These require-
ments are easily met by a synchronous sequential logic circuit
with 16 internal states.

The turn-on and turn-off times above were taken as being
the times when the receiver output first changed state. Under
certain conditions, when an interfering signal is present,
ripples on the output can cause transient changes of state
after turn-on and turn-off, If the 1-out-of-8 sample selection
happens to coincide with a transient state, an increase in
turn-off or turn-on time results. To prevent this, an additional
process was introduced. This consists of averaging a set of
8 outputs in the sample reduction process. A set of 8 con-
secutive outputs is examined and, if 4 or more are at binary
state one, the output from the averaging process is a one.
The averaging process introduces further delay into S; and
L,, but this is not sufficient to invalidate the above require-
ments for the design of the masking circuit.

Absolute Level Detection

To confirm that sufficient leve! of valid tone is present it is
necessary to include some form of absolute level detection
in the receiver. This cannot be done at the output of the
receiver because the output level is the difference between the
level of the signal and that of any accompanying interference.
Fortunately, it is very easy to provide absolute level detection
by feeding the unsmoothed full-wave rectified output from
filter G(2) to a comparator. The reason for this is as follows.
If the receiver is to detect a valid signal then there must be a
fairly pure 2280 + 25 Hz tone present at the output of
filter G(z). For a sinusoid in the given frequency band, onc
of any two adjacent samples is a substantial fraction of the
amplitude of the sine wave. The worst case is given by a tone
of 2305 Hz where the minimum sample value is 0-61749E
(that is, 4-4 dB below E), where E is the amplitude of the
sinusoid. Since this variation is less than the 10 dB difference
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between invalid and valid signal levels, it is possible to d
tinguish between them. This is still true even when allowan
is made for a small proportion of interfering tone appeari
at the output of G(z). A reasonable choice of decision ler
T is 5/128 (assuming the maximum amplitude that can

represented in the receiver is unity).

1VF RECEIVER IMPLEMENTATION

A CCITT 2048 kbit/s Interface® provides 30 speech chann
and 2 channels for signalling and synchronization. As far
the application of a digital 1VF receiver is concerned, the lat
two channels are redundant. However, they can be us
internally to inject test tones to check its operation a
processing of 32 time-slots enables convenient clock ra
to be used. Consequently, it was decided to design t
receiver so that it is multiplexed over all 32 channels.
parallel processing technique was finally adopted. This u:
a clock rate of 256 kbit/s, which is the channel rate. Each
the arithmetic functions required (that is, the adders a
multipliers shown in the receiver flow diagram (Fig. 5))
realized by a dedicated combinational logic-array usi
standard low-power Schottky (LSTTL) gates. At each clc
pulse, the current input to the receiver and the output
each delay-element ripple through the combinational lo
produces a new output and new inputs to the delay elcme;
for processing in the next frame. Thus, calculations are fi
performed on channel 1 and the results stored awaiting f
next channel | time; similarly, for channel 2, channel 3, ¢
The shift registers storing the data ensure that data is o
available at the output at the appropriate channel tir
Because of delays inherent in logic gates, some re-timing
necessary ; however, the delay round a feedback loop is
arranged to be less than the clock rate of 256 kbit/s, that
3:9 ms. Thus, the only timing waveform required for -
filters is a system clock of 256 kbit/s. Two’s-complem
coding of the data is used throughout the recciver from
output of the A-law-to-linear converter.

Parallel Adders and Subtractors

The parallel adders are constructed from four 4 bit adds
using four D341.S283 gates, as shown in Fig. 7. (Note, the L
series is functionally equivalent to the standard SN74 seri
Subtraction of two’s-complement numbers is achieved
inverting all the bits of the number to be subtracted ¢
adding one to the least significant bit of the result (that
forming the two’s-complement) and then adding it to

other number. The carry input on the least significant ad
can be used to add the orne to the least significant bit. Her
for subtraction, a row of inverters only is required
addition to the adder.

Multiplication

The coefficients for the 1VF receiver are simple bin
numbers, thus obviating the need for complicated mt
pliers.

Multiplication in the 1VF filters is achieved by shifting
wiring and adding. If the most significant bit of a par:
word is wired to the most significant bit and to the next nt
significant bit (MSB-I1) of the input to the next device, MS
wired to MSB-2, MSB-2 to MSB-3, etc. leaving the I
significant output unconnected, this has the effect of mu
plying the output by a half. For example,

0110110111101010 --> 0011011011110101
shift by 1 = multiplying by 1/2.
1110111110001011 - 1111101111100010
shift by 2 = multiplying by 1/4.

POEEY, Vol. 72, July 1



OVERFLOW

o 45IMSB) ~
A4 Cg MSB
8,5(MsB) 24 [—
—_——— 1B
)
—>—]A3
Brs 3 [——
—3»—83
—
32 |-
—_—82
Al
0|
—>— G

f

SUM
2x 03415283 " ovg
> Cy
—_—
S N—
e
=
—_—
~
=
ay
=
83 - —_—
> ‘
o, (L58)
8,(LSB) —
—_——] G LS8
+ 03415283
o
F1G. 7—16 bit parallel adder
L] MSH o
MSB
MSB | MSB-1
— MSB -2 i
L MSB -3 : INPUT
) H
: MSB-12
QUTPUT! MSB -13
' MSB-14
16 bit
' PARALLEL |58
! ADDER
' MSB § 1
' MSB-1
; mse-2_ | |
: MSB-3
)

158 |
= lmsB-u i -
L5 158 i
0

uye

Fig. 8—Implementation of the operation x(1 — 1/8) x 1/2

The operation of times 7/16 can, for example, be rewritten
as x (I — 1/8) x 1/2, this process requires a set of inverters,
a shift of wiring by 3, a set of adders, and a further shift of
wiring by one, as shown in Fig. 8.

Delay Elements

The delay elements for processing 32 channels need to be
32bit long and capable of handling 16 bit in parallel
(Although only 13bit are needed to represent the linear
code the extra bits are necessary to maintain the accuracy in
the arithmetic.) Originally, 3 hex. 32bit shift-registers
obtainable in metal-oxide-semiconductor (MOS) technology
were used. This however meant that an extra power supply at
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F16. 9—16 bit parallel full-wave rectifier

12 V was necessary. These devices have now been exchanged
for dual 32/64 bit shift-registers in complimentary metal-
oxide semiconductor (CMOS) type MCI14517, thereby
eliminating the need for any power supplies other than +5 V.

Full-Wave Rectification

With a two’s-complement negative word, full-wave recti-
fication is achieved by inverting all bits and adding one. In a
negative word, the MSB is ore, hence, rectification of any
data word is achieved by the excrLusive-oring of the MSB
with the rest of the data bits, and then adding the MSB to the
LSB, as shown in Fig. 9. In practice, this addition could be
ignored if a slight inaccuracy can be permitted, or it could bc
performced in a subsequent adder.

FAULT FINDING

During initial testing of the filter boards it was found that,
although the logic design and construction is along conven-
tional lines, fault finding of the circuits required different
techniques to those employed on conventional sequential
and combinational-logic circuits. The difficulty arises because
examination of individual connexions presents little useful
information. Correct operation of the circuit can be deter-
mined only by the examination of a set of, at least, the more
significant digits and their conversion into analogue form.
It was noticeable that virtually all the faults on the filter will
cause the circuit to act non-linearly. Thus, when examined,
sinewaves will tend to be distorted in a faulty system. This
aids the testing as it is unnecessary to check the frequency
characteristics until all the circuit is operating linearly.

Initial Testing

The testing of the prototype was carried out in stages. Firstly,
all the integrated circuits were examined for correct logic
levels. This was achieved by applying an input signal (within
the signalling band) of a reasonable level to ensure every
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gate had both logic levels passing through it. This showed
where any shorts and discontinuities in the wiring had
occurred. The next stage was to test the circuit with a sine-
wave input signal, but it was found that the most realistic
frequencies were difficult to observe with 8 kHz sampling.
It proved advantageous to build a special-purpose input card
which sampled the input sine wave at 256 kHz and feed this
signal into all 32 time slots. This has the effect of putting the
sine wave into 32 filters. Resampling at any point in the
circuit at 256 kHz will produce a correct but over-sampled
signal since the system can be considered to consist of 32
identical filters, each filter being fed by a slightly delayed
version of the input sine wave. A diagrammatic representa-
tion of this is shown in Fig. 10. Note, this is only a dia-
grammatic representation since there is only onec filter
actually present which is time-shared.

To monitor the filter performance, a number of digital-
to-analogue converters were constructed which were wired
to the highways accessible from the printed-wiring board
edge-connexions. This enabled the major points in the
receiver to be monitored. In some instances, it proved to be
difficult to find the source of a circuit’s non-linearity because
the internal signal is changed by feedback, which obscured
the source of the non-linearity. Removal of the feedback,
which was achieved by disabling shift registers, solved this
particular problem.

By using the above techniques it was possible to determine
where any design or constructional faults occurred.

Maintenance

No alignment or adjustment of frequency generators will be
necessary. Errors will be detected automatically and forwarded
as error codes in TS16 to a processing unit in the exchange.
The faulty card can then be replaced.

FILTER 1

I { \
M FILTER 2
INPUT r e : e ,t OUTPUT

L ] L]
\ | | /
FRTER3?

Fic. 10—Diagramatic representation of test procedure

LIVERPOOL

Private cireuit

PERFORMANCE TESTING

The aims of the testing programme have been two-fold
firstly, to prove that the design of the digital receiver satis
fied the performance requirements; secondly, to establisl
the limits of operation. Initially, testing was carried out i
the laboratory to confirm that the design was satisfactory
Subsequently, a feasibility trial was set up over a privat
circuit between Plessey Telecommunications Limited a
Liverpoo! and the BPO Research Centre at Martlesham, ;
distance of approximately 350 km (See Fig. 11). Patterns o
pulses were sent from Liverpool to Martlesham in order t
simulate, as far as possible, the normal operating environmen
of a IVF signalling system. Both an analogue (SSAC9) an
a digital receiver were connected to the private circuit so tha
their performances could be recorded and compared. Th
digital receiver was found to be at least as good as th
analogue receiver in all respects and generally performe
bettcr!0,

The operate and non-operate levels for 2280 Hz and a
the band edges were measured. The results are given i
Table 3. The operate and non-operate frequency ranges wer
measured for the maximum and minimum input levels. Th
results are given in Table 4.

TABLE 3

Operate and Non-Operate Levels of the 2280 Hz
Tone Detector

Frequency Operate Level |Non-operate level
(Hz) (dBm) (dBm)
2255 —25 --26
2280 --25 ' —26
2305 —25 —26

TABLE 4

Operate and Non-Operate Frequency Ranges for Extrem
Input-Levels

Operate Frequency- Non-Operate Frequency
Input Level Range Range
(dBm) (Hz) (Hz)
-0-8 2220-2345 <2216 or >2348
—18-8 2225-2345 <2220 or >2350

Guard-Circuit Tests

A series of measurements were conducted to find the relati
levels of an interfering tone at which the receiver would bot
operate and not operate consistently. The tests were mac

MARTLESHAM

oLl GATED 30-CHANNEL
COMBINING f PCM —— DIGITAL
_/— CIACYIT MULTIPLEX 'VF RECEIVER _\—1
§
N A
o
INTERFERING
PULSE
o SET PATTERN GENERATOR
|> ~ ACS (M)
- RECEIVER N
/r 5d8
2280 H. {r P
RECEIVEH & ~ CONTROL
INITIATE TEST

Fic. 11—Block diagram of the field trial circuit arrangements
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F16. 12—Limits of operation of guard circuit

more exacting by using a sequence of pulses of signalling
tone which were on for 10 ms and off for 100 ms at frequencies
of 2225 Hz and 2305 Hz when determining the operate point,
and pulses which where on for 30 ms and off for 30 ms at
a frequency of 2280 Hz when determining the non-operate
point. The results are shown in Fig. 12, which also shows the
design requirements. It is clear from Fig. 12 that satisfactory
operation was obtained.

Response Times

The turn-on delay and the pulse distortion (that is the differ-
encc between the applied pulse length and the output pulse
length from the receiver) were found by comparing input and
output waveforms for all signalling conditions. Turn-on delay
was found to be a maximum of 7-6 ms and pulse distortion
a maximum of -+4 ms. The short break masking action was
tested by sending a large number of pulse trains along the
private circuit. It was found that the receiver would con-
sistently not-operate for signalling conditions of less than
4-1 ms and would consistently operate for signalling con-
ditions of longer than 7-6 ms over thc whole of the input
level rangc.

Speech Tests

As part of the field trial, several hours of speech recordings
were replayed and sent over the test circuit from Liverpool
to Martlesham. A recorder was set to detect any operations
of the signalling receiver which might have been caused by a
deficiency in the guard circuit. No false operations were
detected by cither the analogue or the digital reccivers.

TECHNOLOGY AND FUTURE DEVELOPMENTS

In the BPO network, 1VF signalling is the most common
signalling system in the analogue network; there are over
500 000 relay-sets in use in the UK at present and the number
in useis planned to rise to a maximum of 660 000. Although
a large number of these sets will be replaced as digital plant
is installed, it has been calculated that between 5000 and
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10 000 1VF units will be required. (Note, one 1VF digital
receiver will replace up to thirty 1VF analogue receivers).
These figures take account of the fact that both types of
equipment will be recovered and recommissioned elsewhere.
It was decided, therefore, that it would be profitable to carry
out a cost reduction exercise on the 1VF unit. On investiga-
tion it was found that only slight reduction in circuitry was
possible by reconfiguring the arrangement for multiplication
in the filters. This has now bcen incorporated in the latest
model. It has also been found that buffering between the
CMOS logic and TTL is unnecessary.

Some saving in circuitry has already been incorporated by
implementing for example, two counters with PROM. This,
howcever, does have the disadvantage of higher power con-
sumption than using medium-scale integration (MSI) and
standard LSTTL packages and a compromise must be sought.
Various alternative technologies have also been considered
and the findings are summarized below.

Uncommitted Logic Arrays

Uncommitted logic arrays (ULAs) have been described in a
previous article!! in this Journal. They are economic in
quantities of only a few thousand and could prove more
economic than custom design. ULAs prove beneficial in
circuits which use many standard logic gates, they are not
justified where many MSJ/large-scale integration (LSI)
packages are used. Indeed, the HDB3 circuits are already
being replaced by some ULA chips. These circuits are, how-
ever, used in other units such as digital line terminations and,
hence, can profitably be replaced. In the 1VF receiver, the
most prevalent integrated circuits used arc the 1D34L.S283
adder and the CMOS 4517B shift register, both arc MSI/LSI
devices. The control circuit, although not described in detail
in this article, does contain a lot of standard gatcs and it has
been calculated that savings would accrue using ULAs in
this area.

CMOS and Locally-Oxidized CMOS

On average, CMOQCS gates consume much less power than
equivalent LSTTL gates. The other main advantage is that
the power supply tolerance is very wide; devices approved to
the Joint Electronic Devices Evaluation Committce Speci-
fication B are specified to work between 3V and 15 V. The
main disadvantage with CMOS is the long propagation time
and this has lead to the development by Mullard of locally-
oxidized CMOS (LOCMOS). At 5V, the delay in a 16 bit
adder in CMOS is excessive and would lead to retimers in the
feed-back loop. This then implies the use of non-standard shift
registers. This problem is overcome if the supply voltage is
raised to 10V, although some additional retiming in the
1VF receiver circuit would still be neccssary. A similar
situation would arise by the use of LOCMOS except that the
voltage can be retained at 5 V. The rest of the 1VF Unit can
also be re-engineered in LOCMOS. The result is that con-
sidcrable savings in power can be achieved by using
LOCMOS.

Custom Designed LSI

Custom designed LSI devices could be manufacturced to
replace any part of the circuit. The dcvelopment costs tend
to be so high as to prcvent custom dcsign becoming cost
effective unless large numbers are involved. It has been
calculated that some savings would result if the 1VF unit
was redesigned using custom-designed LSI. However, con-
siderable savings could be made if a LSI digital filtering chip
was developed.

Common LSI Device for Digital Filtering
Digital filters are required in a number of applications. In

particular, the BPO has a number of applications in signalling
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systems; for example, Multi-Frequency Signalling System
No. 4. The BPO Research Department are currently develop-
ing a common LSI device for such digital filtering applica~
tions. It is anticipated that such a device, for a sampling rate
of 8000 samples per second, will be multiplexed over 8 chan-
nels, hence 4 will be required for the IVF receiver. By using
this method the largest savings will result.

Microprocessors

Microprocessors are being used increasingly to replace logic
circuits!!. However, in this application they are not recom-
mended. The reason for this is that

{a) the speed is limited, and
(b) a large proportion of the existing circuitry, such as
data reformatting, will still be required.

CONCLUSIONS

A 1VF unit has been developed to convert between 1VF
in-band signalling and TS16. An attempt has been made to
show how the more complex part, the receiver, has been
designed; it has been proved that this design adequately meets
BPO requirements. Work is now in an advanced state of
development but, as so many 1VF units will ultimately be
required in the network, a study of the possibility of using
alternative technologies, in order to produce a cheaper unit,
has been made. This study revealed that there is scope to
reduce the cost of the unit.
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APPENDIX
Introduction to Digital Filtering

The introduction of PCM transmission has established the concept
of encoding analogue waveforms as a sequence of digitally encoded
sample amplitudes; what may not be so widely appreciated is that
a sequence of samples can be processed to produce a filtered version
of the original waveform. This Appendix is intended to introduce
the basic concepts of such processing, which is called digital
Sfltering.

The principle of digital filtering is illustrated in Fig. 13; a wave-
form v(2) is encoded by an analogue-to-digital converter to form a
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time-sequence of PCM samples of amplitude v(n7T"), where T is the
time between sampling instants and » is an integer; the samples
v(nT) are processed digitally to produce another sequence of
samples u(nT) which, when decoded by a digital-to-analogue
converter, produce a waveform u(r). (Note: quantization noise is
ignered). The waveform u() is a linearly filtered version of v(?),
that is, the spectrum of u(f) contains the same frequency com-
ponent as v(z), but modified in amplitude (which could be reduced
to zero) and phase, and no new frequencies are generated. (It
should be noted that, in the application described in this article,
the analogue-to-digital converter is already provided by the PCM
multiplex equipment and the digital-to-analogue converter is not
required because the output from the receiver is simply a logic level
indicating the presence or absence of a tone).

In its simplest form, the digital processing consists of 3 elemental
functions: the addition of sample amplitudes, the multiplication
of sample amplitudes by a constant, and the delaying of samples
by integer multiples of 7. A simple digital filter flow diagram
indicating how a number of these elemental functions may be
interconnected is shown in Fig. 14. The flow diagram is a pictorial
way of representing the operations.

y(nT) = w(nT) + B .wnT-T),and  ...... (Al)
w(nT) = x(nT) + o . w(nT-T). ......(A2)

In continuous-network theory, it is convenient to handle
differential equations by application of the Laplace transform;
likewise, in discrete-network theory, equations of the kind above
are best handled using the z-transform. The z-transform, Y(z), of a
sequence y(nT) is defined by

o
Y(z)— X ymT)z" ... (A3)
n=—w
By using equation (A3) it is easily proved that:
(a) if y(nT) = y\((n-i)T), then Y(z) = z-i¥y(2),

(b) if y(nT) = k. yx(nT), then Y(2) = kY2(z), and
(o) if y(nT) = y3(aT) + y4(nT), then Y(z) = Y3(z) + Ya(2).

Applying these results to equations (Al) and (A2),

Y(z) = W(z) + 8.z 1. W(z), and coe . (A9)
WE) =Xz +a.z71 . W2, ... (AS)

Algebraic manipulation yields
T(z):‘@ 1+8.z7! (A6)

X@ t1—a.2tt T

where T(z) is the pulse transfer function of the filter. It can be
shown that the frequency response T(jw) of the filter is given by
putting

z — exp (joT),
where w equals 2/ and fis frequency; therefore,
1 4- Bexp (—joT)

T(o) = 1 — xexp (—jwT)"

Hence, the amplitude response is |T(jw)! and the phase response

arg (T(jw)).
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High Voltage Power System for Telecommunication

Plant: A Safety Aspect

M. J. CARTER?}

INTRODUCTION

This article briefly describes the main principles incorporated
in new safety procedures which must be observed by British
Post Office (BPO) staff when carrying out work involving high-
voltage (HV); that is, power systems above 650 V. Most
BPO HV power systems are supplied at 11 000V 50 Hz,
although a few supplies are taken at 6600 V.

Provided all rules and working procedures are strictly
adhered to, apparatus operating at HV is perfectly safe to
operate and maintain. Unfortunately, where HV is con-
cerned, failure to observe the rules and procedures can lead to
serious or fatal accidents. Because of this, control and working
procedures must be specified in detail and rigidly observed.

HISTORY

In the mid-1960s, HV supplies to BPO premises were confined
to a few major centres. However, since that time, the tele-
communications system has expanded considerably, and has
led to a large increase in power demand. This has resulted in
many centres taking their power supply at a high voltage.

The question arises why, in view of the possible dangers,
are HV supplies used in BPO premises ? The answer rests with
the UK Electricity Supply Authority for, above a demand of
about 0:5 MW, it is not economic for them to provide a
medium voltage (240/415 V) supply and, in this circumstance,
only an HV supply is made available.

LEGISLATION

It was recognized that, with an increasing number of HV
installations, the existing instructions to BPO staff concerned
with the operation of such plant should be critically examined
to ensure that the instructions provided adequate guidance.
Legislation, including the Health and Safety at Work Act
1974, made this task all the more important, and it became
apparent that the standard of information, supervision and
training could be improved. This led to the publication of new
instructions covering telecommunications power plant HV
work within the BPO. These instructions define the control
structure and procedures, specify the responsibilites of staff
involved in HV work and lay down basic working methods.
The paramount aim is to provide safe working procedures
for all BPO staff and to ensure that apparatus meets the
requirements of the statutory regulations. (The Electricity
(Factories Act) Special Regulations 1908 and 1944 is the
general title of the statutory regulations which apply.)

SAFETY PRINCIPLES

Working procedures to meet the statutory regulations have
long been established and still form the basis of the new
instructions. However, considerable attention was given to
improving the structure under which these procedures are
applied, and the following principles evolved:

(a) The authorization to carry out work must be given in
writing; that is, an authority-to-work.

(b) No one is given the authority to authorize himself to
carry out work.

(¢) A written guarantee must be given to persons required
to work on apparatus that the apparatus has been rendered
safe; that is, a permit-to-work.

t Operational Programming Department, Telecommunications
Headquarters
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(d) Persons required to work on HV apparatus, or in the
vicinity of HV plant, must have a certificate defining their
duties.

DESIGNATION OF PERSONNEL

The statutory regulations require that only Authorized
Persons, or Competent Persons under the immediate super-
vision of an Authorized Person, may undertake work on HV
plant, where technical knowledge and experience is required
in order to avoid danger. It follows therefore that the appoint-
ment of Authorized and Competent Persons must be carefully
considered and restricted to trained and qualified engineering
personnel familiar with the apparatus on which they are
required to work. In respect of HV plant, Authorized and
Competent Persons in the BPO must hold an appropriate
certificate indicating their competence to do such work; the
certificate must be renewed annually.

Principles (a) and (b) are directly linked and obviously could
not be met if an Authorized Person were allowed to authorize
himself to work. This led to the introduction of another person
in the authorization hierarchy termed the Engineer (HV). An
Engineer (HV) is not directly involved in work but is enpower-
ed to issue a written authority-to-work.

In addition to the 3 categories of person already mentioned,
2 more were considered necessary; the Senior Engineer (HV')
and the Access-Certificate holder.

The Senior Engineer (HV) is responsible for the issue of the
certificates that define the duties of staff qualified to work on
high voltage plant, the production of local instructions where
special procedures are necessary and, in addition, bears
responsibility for the investigation of any accidents which may
occur. .

Access-Certificate holders are trained personnel who ar
only allowed to work on non-HV apparatus which may be
near to, but not in the immediate vicinity of, HV apparatus.
This category of personnel was introduced to meet service
requirements where it was felt that operational efficiency could
be enhanced without risk provided that only adequately
trained staff were employed on clearly defined duties.

PROCEDURE

The authority-to-work defines all work to be carried out and
draws attention to any special precautions or instructions
that must be observed. It is issued to an Authorized Person,
who must read the content aloud to the issuing Engineer (HV)
immediately prior to the commencement of work in order to
ensure that the work is fully understood. An authority-to-
work is the only document under which work on HV appara-
tus can be carried out and is the only authority under which a
permit-to-work may be issued.

The permit-to-work is a written declaration by an Authoriz-
ed Person that he has rendered HV apparatus safe to enable
work to be carried out. A permit-to-work must not be issued
unless covered by an authority-to-work, and then only after
the Authorized Person has carried out all safety procedures
in the presence of those who will perform the work.
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An Impulse Generator for the Simulation of
Interference Caused by Secondary Lightning Effects

M. I B. SHELDONt
UDC 621.319.53: 621.316.9

This article outlines the background, operation, construction and safety features of an impulse generator
developed by the British Post Office. The generator can automatically deliver the full CCITT* specifiec
impulse for prototype tests for power-fed repeaters. It is mains operated, transportable and has beer
designed with safety as a prime requirenment. Consideration in the design has been given to possible
modification to provide other high-voltage tests.

INTRODUCTION

CCITT Recommendations K15 and K17! provide guidance
on protection requirements and tests to be performed on
telephone transmission equipment to simulate the effects of
large interfering transient voltages, such as those encountered
from the secondary effects of lightning discharges. In the past,
vacuum-tube thermionic devices used in telephone trans-
mission equipment were able to tolerate large voltage tran-
sients that might appear across them, and would continue
to operate in a satisfactory manner, With the advent of
semiconductor devices came the problem of protecting the
relatively delicate semiconductor junction from the adverse
effects of such large transient voltages.

Various forms of transient-voltage suppressors are in use,
and these may take the form of gas-discharge tubes? 34
non-linear resistors or semiconductor diodes?.

The need for international agreement on tests to prove the
effectiveness of these protection devices is, therefore, readily
apparent.

CCITT REQUIREMENTS

The test normally required to be performed on telephone
transmission equipment to simulate high-voltage (HV)
transients is to apply an impulse to the input or output of the
equipment under test. This impulse is derived from the
discharge of a previously-charged capacitor through a re-
sistor-capacitor network, which provides shaping of the
impulse. A typical impulse generator circuit is shown in
Fig. 1.

Early test requirements specified only the magnitude of the
impulse, the impulse shape being undefined. Later require-
ments defined not only the magnitude, but also the impulse
shape and duration. CCITT Recommendation K17 defines
the following characteristics of the impulse:

(a) magnitude in kilovolts,

1 Telecommunications Development Department, Telecommuni-
caticns Headquarters

* CCITT—International Telegraph and Telephone Consultative
Committee
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F1G. 1—CCITT impulse generator circuit

118

(b) risetime in microseconds, defined as the virtual
front time or 1:67 times the time to rise from 30% to 90%
of the peak value,

(c) decay time in microseconds, defined as the time
interval between the virtual origin (see Fig. 2) and half the
peak value, and

(d) waveshape, defined as the difference of two expo
nentials with negative exponents chosen to give a nominally
linear rising front with an exponential decay.

The actual values of these parameters are varied according
to the nature of the test and the type of equipment; foi
example, transmission equipment, such as repeater anc
power-feeding equipment, requires 4 more severe test thar
does exchange equipment, which is normally protected by the
lightning arrestors and fuses at the main distribution frame3- ¢
Recommendation K17 also specifies that the test on proto
type equipment is more severe than the tests conducted or
production equipment, and this is achieved by increasing the
magnitude and decreasing the risetime of the impulse. The
number, polarity and time interval between successive im
pulses are also specified. Table 1 is an extract from the curren
CCITT requirements and Fig. 2 defines a typical impulse
voltage.

DESIGN PARAMETERS

Because of the paucity and high cost of commercially-mad¢
impulse generators, the BPO embarked on a programine tc
design and develop an impulse generator that would fulfil the
following requirements:

N

AMPLITUDE (kV}

f
i
l f A B

01} T,= 16748
7

JI TIME {us!
g

¥1: Peak voltage in kilovolts

0,: Virtual origin

T): Nominal risetime in microscconds

T2: Nominal time for impulse to decay to half of peak value in microsecoads
The impulse characteristic may be defined by ¥1 X T3/T2

Fic. 2—Definition of standard waveform of impulse voltage
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TABLE 1
Design Characteristics

l Prototype Tests | Acceptance Tests
Waveform (see Fig. 2) ‘ 10/700 100/700
Peak voltage (kilovolts) S 3
C2 (microfarads) 0-2 2:0
Number of pulses 10 2

Note: The test is carried out with the polarity reversed at consecutive pulses, with
a time interval of t min between the pulses; the number of pulses applied
to each test-point in the different cases is shown in the bottom line of the
table.

(a) intrinsic operator safety,

(b) operating simplicity,

(¢) performance of the full CCITT 5 kV 10/700 ps impulse
test for prototype equipment, including successive polarity
reversals,

(d) provision of audible and visual alarms to monitor test
status,

(¢) expansion capability to cater for future additional
impulse and high voltage tests, and

(¢) transportability.

To enable costs to be minimized and avoid undue develop-
ment work, it was decided at an early stage to employ as
many commercially-made components as possible, using a
minimum amount of modification.

ADDITIONAL FACILITIES

In addition to the design parameters, the impulse generator
provides the following:

{@) an impulse waveform of 4 kV 5/130 ps,

(6) further waveforms, by adding more discharge capaci-
tors and/or shaping networks on the spare output-switch
contacts (a total of five contacts are available),

(¢) the selected waveform is available at either polarity
with an adjustable magnitude of between 3-5 kV, and

(d) the output can be provided by either manual or auto-
matic switching (triggering) of the impulse generator circuit.

In the automatic mode, the following facilities are provided :

{a) the number of impulses can be preset ftom 1-99; the
test ceases when the preset number of impulses has been
reached, and is indicated by the operation of an alarm (this
facility also operates in the manual mode),

(b) the time interval between impulses can be preset from
3-72 s (the lower limit is dependent on the charge-up time of
the capacitor, and hence the maximum voltage required),

(c) automatic alternation of polarity between successive
impulses (the initial impulse polarity is selectable), and

(d) audible and visual monitors and alarms to show the
test status, together with output sockets to monitor the output
voltage and provide a synchronous trigger signal for an
oscilloscope.

OPERATION

A block diagram of the generator is shown in Fig. 3. The
mains input is via a filter socket. The key-operated mains
switch has three positions; OFf, MAINS ON and CHARGE. The
MAINS ON position supplies power to all circuits except the
high-voltage power supply unit. The spring-biased CHARGE
position supplies power to the high-voltage power supply
vnit if the 24 V interlock circuit is unoperated. The mains-
monitor circuit prevents operation of the equipment if either
the mains earth is missing or if the mains live and neutral
connexions are reversed.

The output is derived from the rectified mains (300 V) and
is fed to a switching invertor whose output transistors switch
this voltage through the high-voltage transformer. The
switching is achieved by pulse-width modulation (PWM) of
the base drive current in the output transistors. The PWM
drive is derived from the control circuit and is provided by a
comparator circuit, which compares a sample of the high-
voltage output with an internally generated voltage whose
magnitude is selected by the SET VOLTSs control.

The PWM invertor output is transformed to a maximum
value of 2:5kV AC, depending on the SET VOLTS output
control setting. A Cockcroft and Walton multiplier circuit
doubles this voltage to a maximum value of 5kV DC. The
voltage-doubler circuit also contains the solenoid-operated
polarity-reversing switch which reverses the connexion of the
high-voltage transformer to the multiplier circuit and, hence,
the polarity of the rectified 5 kV DC output. This voltage is
applied to the impulse capacitor via a surge-limiting resistor
and a resistor-capacitor voltage-divider network, which pro-
vides a voltage sample for the PWM control comparator
circuit. A high-power resistor, known as the dump resistor, is
connected across the output by the normally closed contacts
of the pump switch—a mains-operated solenoid-controlled
high-voltage switch, which is used to discharge (dump) the
charge on the impulse capacitor in the event of mains or
24 V interlock circuit disconnexion. It is operated only when

DRIVE
MAINS MAINS INVERTOR POLARITY-  FROM
CONTROL RECTIFIER AND REVERSING  INTERLOCK  SAMPLE
AND AND HIGH-VOLTAGE CIRCUITIAND  CIRCUIT AND
MONITOR SMOOTHING TRANSFORMLR MULTIPLIER OUMP CIRCUIT
MAINS 5 { N 1 N N N
. INPUT - ]_I_l - [ - L - L._J 4 Lr J
OUTPUT- V¢
PRESET PULSE VOLTAGE
COUNTER SAMPLE
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Fic. 3—Block diagram of BPO impulse generator
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the mains monitor and 24 V interlock circuits are operating
correctly, and the spring-biased CHARGE position of the front-
panel key switch has been selected. This position must be
re-selected if the dump switch is caused to release (close)
during use of the impulse generator.

The dump switch is fail-safe in operation, in that its return
to the normally closed (unenergized) position is by gravity
with spring assistance. A tilt switch has been incorporated
into the mains circuit of the impulse generator to prevent its
use at angles greater than 75° from the vertical position.

The impulse generator circuit uses a high-voltage 5-position
rotary switch (IMPULSE CHARACTERISTIC switch), manually
operated from the front panel, to select an impulse capacitor
and a shaping network. These may be connected in any
combination by suitable strapping on the high-voltage switch
wafer. Currently, two impulse characteristics are catered for;
these use the extreme switch positions. Of the remaining
3 positions, the centre is earthed via a resistor and the
positions in either side of centre used to release the dump
switch during alterations of the (MPULSE CHARACTERISTIC
switch. Impulse capacitors not used for a particular test are
short-circuited using a high-voltage reed switch and resistor;
this prevents any appreciable voltage appearing across them
after discharge, due to dielectric relaxation.

The impulse switch used to discharge the impulse generator
circuit is a triggered spark gap, which is described later in this
article. The triggered spark gap can be operated manually or
automatically.

In the manual-trigger mode, the impulse generator circuit is
discharged by direct operation of the trigger push-button. The
polarity of each pulse is set by the POLARITY-OUTPUT switch.
The preset pulse counter normally used in the automatic-
trigger mode, may be used to provide an audible and visual
alarm for any preset number of impulses from 1-99. A single
trigger (one-shot) facility is also provided. When operated, it
inhibits the high-voltage power supply unit from recharging
the impulse capacitor after one discharge, until it is reset.

In the automatic-trigger mode, the trigger circuit is under
the control of the interval timer until the number of impulses
selected on the preset pulse counter has been reached. When
this occurs, the interval timer is stopped, and the audible and
visual alarm operates. The polarity of the firstimpulse can be
selected; thereafter, automatic polarity alternation occurs
after each impulse. Reversion to the manual mode can be
made at any time.

CIRCUIT DESIGN AND SPECIAL FEATURES
Impulse Circuit

The power-supply unit has an output of 100 W and is capable
of charging the 20 F impulse capacitor to 5 kV within 3 s
(250 J stored energy).

The impulse generator circnit must withstand the large
voltage gradient across it (up to SkV) and be capable of
delivering a high peak current (this may be in the order of
500 A with a rate of change of 50 A/us).

Both the impulse capacitors and the shaping network
components have been selected from components designed
for pulse-discharge working. All component interconnexions
are by short, low-inductance, high-voltage leads.

Impuise-Discharge Switch

The requirements of the high-voltage impulse discharge
switch (see Fig. 1) used to discharge the impulse capacitor
into the shaping network proved to be difficult to meet. The
correct operation of this switch is crucial in obtaining an out-
put of the correct shape. Ideally, the switch should possess
the following characteristics:

(a) zero transition time between open and closed positions,
without contact bounce,

() insulating materials that possess high dielectric
strength,
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(¢) the ability to handle high peak currents,

(d) low inductance,

(¢) a high degree of isolation between operating side
(trigger) and switching side, and

(f) operation from some convenient low-voltage source.

To meet the above requirements, the devices available fall
into (wo categories. The first category comprises electro-
mechanical switching devices; the second comprises those
devices that rely on breakdown properties of gases for their
action.

The electromechanical high-voltage switches are either
constructed along lines similar to the low-voltage relay, but
with contacts enclosed in an evacuated envelope, or are in
reed relay form.

The electromechanical switches fail the first requirement.
Their transition time is in the order of milliseconds; excep-
tionally it is possible for operate times of 500 us to be
achieved, but 10-30 ms is more usual. In addition, as the
contact gap reduces during the operate phase, arcing occurs,
though in a vacuum this s less serious than in a gas. The most
serious drawback to using electromechanical relays for this
purpose is contact bounce, and this cannot be obviated.

The gas switch relies for its operation on the avalanche
effect of an electrical discharge in a gas. Two electrodes in a
gaseous medium are separated by such a distance that, when
the normal operating voltage is applied across them, break-
down (and hence conduction) is just inhibited and the switch
is in the oFF state. To switch the device into conduction, an
electrical discharge is initiated between a third (trigger)
electrode and one of the main electrodes. This primary
discharge ionizes the surrounding gas and produces free
electrons. These are swept across the inain electrode gap by
the high electric field, conduction occurs and is maintained
by the avalanche effect until the voltage between the main
electrodes drops below the sustaining voltage of the gap.

This device can take the form of either a sealed glass or
ceramic envelope containing a gas such as cadmium or
mercury vapour, or a vented envelope normally containing
air, but which may be filled for use with an inert, or relatively
inert, gas such as nitrogen or carbon dioxide. Both types are
triggered spark gaps, the former type may also be known as
Ignitron, surge diverter, sealed triggered spark gap or cold
cathode triggered spark gap. The latter type may be known
as a Triggertron pressurized or vented triggered spark gap.

The operate time of these devices is in the order of 100 us,
but both types require more complex switching circuitry
compared with their electromechanical counterparts, and
also have asyminetrical switching (breakdown) characteristics.
Additionally, the vented types require a gas supply and
control equipment if they are to be operated in the gas-filled
mode.

Two-electrode self-discharged spark gaps are not suitable
as high-voltage switches in this context as the self-breakdown
point is not readily definable or repeatable.

A third type of high-voltage switch has recently become
available. This is the high-voltage thyristor. Isolation between
the anode and the cathode and the gate electrode is main-
tained by optically coupling the gate electrode to the triggering
source, and this is built into the device. The main disadvan-
tages of these high-voltage semiconductor devices isthat they
have a 5§ kV maximum voltage rating, and arc polarized.

Of these devices, the vented triggered spark gap was chosen
as the high-voltage switch because of its ability to handle high
energy pulses (up to 14 kJ).

This device, together with its trigger transformer and
isolation capacitor, is shown in Fig. 4. The main electrodes
are detachable for cleaning and the trigger electrode is a car
sparking plug with the side electrode removed. A non-
resettable totalizing counter is associated with the trigger
circuitry. This shows the cumulative discharges and provides
an aid for regular maintenance of the spark gap. The trigger-
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F16. 4—The high-voltage tray

ing pulse is supplied from a thyristor-controlled pulse trans-
former and has a voltage peak in the order of 30 kV with an
energy content of approximately 50 mlJ.

Gas Pressurization

To exclude dust and damp, and to provide reliable and
repeatable operation, the triggered spark gap requires
pressurizing, and occasional purging, with an inert gas.
Carbon dioxide and nitrogen are suitable readily-obtainable
gases. Nitrogen was chosen and a small cylinder (0-04 m? of
free gas) is contained within the tester. Gas control to the
triggered spark gap gas inlet is by a cylinder needle valve and
high/low-pressure adjustable regulator. On the outlet side, a
solenoid-operated gas valve and a non-return valve control
the flow of gas exhausted to the atmosphere. A pressure gauge
on the high-pressure side of the regulator monitors the gas-
cylinder contents (approximately 12-5 MPa when full), and a
contactor pressure gauge on the low-pressure side monitors
gas pressure in the triggered spark gap. To enable the gap to
operate consistently, at its lowest operating voltage (3 kV),
the gas pressure should be kept low—just above atmospheric
pressure. Purging is required before starting a test and this is
done by momentarily operating the PURGE push-button, after
the gas has been turned on at the cylinder valve and the
regulator has been adjusted to give the required pressure. The
PURGE push-button operates the solenoid valve and allows
gas to be vented to atmosphere through the non-return valve.
The low-pressure gauge shows a pressure drop during purging
when the non-return valve operates. Thereafter, during the
test, the solenoid valve momentarily operates during each
trigger pulse. An adjustable contact on the low-pressure gauge
can be used to provide an audible and visual alarm should the

gas pressure to the triggered spark gap fall below a preset
value.
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MECHANICAL CONSTRUCTION
Cabinet

The complete impulse generator is shown in Fig. 5. The
approximate overall dimensions are:

height (minus trolley base) 1200 mm
width 625 mm
depth (to front of control panel) 750 mm

The weight is approximately 50 kg.

To aid mobility, a loosely-mounted four-wheeled trolley
can be located within the base of the cabinet by a lip on the
base extrusions engaging the protruding nuts of the castor
mountings. The two front castors are braked to prevent
movement during operation. The use of a loose trolley allows
the height of the impulse generator to be kept low when the
trolley is removed (as is necessary, for example, when trans-
porting by motor vehicle), but allows the control panel to be
operated at a comfortable working height with the trolley
in-situ. A pair of folding handles mounted on each side
further aid manual handling.

In order to render the impulse generator safe enough to be
used outside the laboratory environment, it was considered
mandatory to provide a test compartment large enough to
enclose completely the equipment or components under test.
The front and rear panels of the test compartment are trans-
parent, enabling a visual check for flashover and other
breakdown effects to be made during the tests. The interior

FiG. 5—The BPO impulse generator
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size of the compartment (approximately 600 mm wide x
500 mm x 500 mm) was designed to accommodate 3 shelves
of BPO 62-type equipment, stacked vertically.

Chassis Unit and Control Panel

Allcomponents, other than the gas cylinder, pressure regulator
and high-voltage impulse circuit components, are mounted
within a chassis unit. This unit was purchased as a proprietary
high-voltage capacitor-charging unit, and was enlarged using
the original chassis constructional system to accommodate
a second 483 mm (19 inch) front panel. These, together with
the adjacent front panel containing the gas-cylinder valve and
pressure regulator, form the angled control panel of the
impulse generator.

To retain a uniform control-panel appearance, the addi-
tional switches and lamps are of the same type as those used
on the capacitor-charging-unit front panel. The switches are
of the illuminated push-button type and can perform up to
two separate lamp functions, using a split-lens screen and
barrier on the illuminated button. The lamps arc of matching
design.

SAFETY CONSIDERATIONS

The impulse generator has been designed to be used outside
the laboratory environment and an extremely high degree of
operator safety has been provided. The main safety features
are:

(@) Automatic fail-safe charge dumping and inhibiting of
power-supply unit high-voltage output occurs on removal of
the mains or mains earth, or if a mains reversal occurs, and
also if the test-enclosure or equipment-enclosure door are
unlocked or open.

(b) A key-lock switch provides operation of equipment
with the same key used to energize the control panel and
unlock the test-enclosure door. A different key is used to gain
access to the equipment enclosure. Both keys withdraw from
their locks only in the safe positions.

(¢) The key-lock control panel switch cannot be left in the
CHARGE position. The dumping circuit can be rendered in-
operative only by the control-panel key being turned momen-
tarily to the CHARGE position and released. Any malfunction
which causes the dumping circuit to be operated necessitates
the CHARGE position to be re-selected after removal of the
malfunction.

(d) The test-enclosure and equipment-enclosure doors are
at the rear of the console.

(¢) The test-enclosure door is hinged at the bottom and
when opened, bars access to the equipment-enclosure door.

(f) Interlock switches on the equipment-enclosure door
provide both charge dumping and mains disconnexion via
two separate circuits. The key-lock door switch disconnects
the 24 V interlock circuit when unlocked; a pivoted bar
connected near the hinged side of the door operates a mains
switch, which removes the mains at the input when the door
is opened. This switch can be overridden for servicing by
operation of a spring-loaded catch plate, but this feature can
be barred by the use of a padlock through the catch-plate
to prevent its operation by unauthorized personnel. The
test-enclosure door provides charge dumping only. Three
switches operated by the test-enclosure door are connected
in series with the 24 V interlock circuit. Two are heavy-duty
magnetically-operated reed switches (normally open) and are
fixed on either side of the door frame. These are operated by
magnets fixed on either side of the door. The third switch is
the key-lock door switch, which breaks the 24 V interlock
circuit when unlocked.

(g) The detachable mains lead can be stored within the
equipment enclosure and is thus inaccessible until the door is
unlocked.

(h) The output terminals have been placed remote from
the test-enclosure door opening.

CONCLUSION

The impulse generator has performed as designed and has
proved safe and reliable.

To date, it has been used on coaxial-line-system power-
feeding equipment to verify that the protection afforded to
components mounted on printed-wiring boards by on-board
transient-protection devices (for example, gas-discharge tubes
and Zener diodes) is effective.

It has also been instrumental in locating printed-wiring
board design faults, such as inadequate spacing between tracks,
that allow flash-over to occur under transient-impressed
conditions.
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Book Review

Transmission Systems, TEC Level II. D. C. Green, M.TECH.,
C.ENG., M.LE.R.E. Pitman Publishing Ltd. 138 pp. 120 ills.
£3-20.

The author states in his preface that this book is intended to
provide an introduction to transmission systems in line with
the requirements of the standard Transmission Systems IIsylla-
bus, laid down by the Technician Education Council (TEC).
It can be fairly stated that he has succeeded in this, and the
basic principles and application of most modern transmission
systems are clearly described. The more general student may,
however, need to make reference to other texts to determine,
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for example, the principles of operation of an amplifier o1
why an attenuator introduces loss. There are also, unfortu.
nately, a number of uncorrected errors in the text; some
diagrams could have been more explicit and the descriptior
of a 2-wire negative-impedance repeater as a device whick
provides amplification by effectively lowering the line re
sistance is not one that would achieve universal agreement.
However, the book can be recommended for those student:
following the TEC course who require a simple but compre:
hensive introduction to present-day transmission systems.

T. A. BENNET
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Alarms By Carrier

L. W. KINGSWELL and I. C. CHAMBERLAINY

UDC 621.395.743: 654.9

This article describes an alarni-by-carrier system which is being developed by the British Post Office. The
system provides for the transmission of fire and intruder alarms from subscribers premises to a central
control point (for example, the operations room of a local Fire or Police Authority).

From a protected premises, the alarm system is routed over the same cable pair as that used for the
subscriber’s telephone line; this is achieved without degradation to either service by transmitting the alarm

signals at carrier frequencies.

INTRODUCTION

At present, the majority of alarm signals from automatic fire
and intruder detectors are transmitted from the protected
premises to Fire or Police Authority operations rooms; the
transmissions are routed over private circuits, or recorded
messages are sent over the public switched telephone network
using emergency-call (999) auto-diallers. The private circuits
are provided by the British Post Office (BPO) and rental
charges are payable by the user.

Although private circuits offer a secure transmission path,
line rentals tend to restrict their use to relatively short lines.
Moreover, some Police and Fire Authorities arc reluctant to
accept direct connexions of this type because of the ever-
increasing accommodation demands of the terminal equip-
ment. Although costs tend to be lower using the auto-dialler,
the method offers considerably less security, coupled with a
significant increase in transmission time. The alarm-by-carrier
(ABC) system, which is being developed by the BPO, is aimed
at overcoming some of these disadvantages.

Within each ABC network, rental charges will be inde-
pendent of distance. This is made possible by making use of
existing circuits to transmit alarm signals from the protected
premises to the local exchange and by use of time-division
and frequency-division multiplexing techniques over the
longer junction circuits. Equipment accommodation require-
ments at each location where alarm conditions are monitored
and from which action is initiated (known as an action point)
are minimized by combining all the outputs onto a single
teleprinter.

For security reasons, specific references to operating
frequencies and code patterns are omitted from this article.

NETWORK CONFIGURATION

The configuration of a typical ABC network is shown in
Fig. 1. For operational convenience, a network will be centred
on a telephone exchange sited as near as possible to the local
fire and police operations rooms. Up to 30 local exchanges,
each equipped with an alarm-signal processor, can be con-
nected to a processor at a central exchange. The processor at
each local exchange will be capable of accepting inputs from
up to 448 protected premises. Therefore, the maximum
capacity of each ABC network will be 13 440 customers.
Capacity is available within each local processor for the
connexion of a number of local miscellaneous alarms (for
example, exchange alarms) if required.

Alarm signals are transmitted at carrier frequencies from
the protected premises to the local exchange over a working

 Telecommunication Development Department, Telecommuni-
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Fi6. 1—Conlfiguration of a typical alarm-by-carrier network

telephone pair. Time-division and frequency-division signal-
ling techniques are used on private circuits that interconnect
local and central exchanges and the central exchange and
action points.

Alarm signals, generated either by manual call-points pro-
vided by the BPO or by automatic detection equipment
provided by privatealarm companies, are routed automatically
to the appropriate action point, where they appear on a
special ABC terminal display-and-print unit. Transmission
time averages less than 4s.

The ABC system contains comprehensive line and equip-
ment fault monitoring facilities, outputs from which are
routed automatically to a display-and-print unit located at a
BPO maintenance centre.
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LOCAL-END TRANSMISSION

The transmission performance of cable pairs used to connect
customers’ premises to a local telephone exchange is generally
satisfactory at frequencies up to 150 kHz without the need
for intermediate amplification!. A block diagram showing the
connexion of an ABC equipment to a telephone cable pair is
shown in Fig. 2.

Customers’ equipment comprises a carrier-frequency trans-
mitter and a nickel-cadmium battery contained in a plastics
case suitable for wall mounting. The unit transmits a modu-
lated carrier-frequency continuously, modulation being con-
trolled by operation of the alarm generator contacts. A
separate low-pass filter isolates the telephone circuit from the
carrier transmitter, Power is supplied by a 10V, 225 mA h,
nickel-cadmium battery, which is trickle charged over the
local line2. The charging circuit is disconnected automatically
whenever the telephone is required for normal use.

The carrier equipment does not inhibit normal use of the
telephone pair, neither does the use of the telephone interfere
with alarm-signal transmission.

Two versions of the call point provided by the BPO are
available (see Fig. 3), both are activated by pressure on a
flexible membrane and are similar to the familiar fire-alarm
devices that require a user to break the protective glass-front.
The Police call point is installed remote from the carrier
transmitter, but the fire call unit forms an integral part of the
carrier-frequency sender. The fire call point is also equipped
with a return signal supervisory lamp.

The carrier receiver connected at the exchange end of the
telephone pair will give DC outputs to indicate the presence
of carrier and the state of the modulating signal. Failure of
the carrier causes a line-fault signal to be generated, and a
change in the modulating signal gives an a/arm output.

Receipt of an alarm condition causes a signal to be sent
back over the telephone pair to the carrier transmitter unit,
where it is detected and can be used, if required, to light the
return signal indicator. The fault and alarm outputs are
connected to the common processing equipment, Carrier
receivers and processing equipment are mounted on standard
type-62 equipment racks installed in the exchange and are
powered from the exchange 50 V battery.

When used with privately-provided automatic alarm-signal
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Fi6. 3—Call points provided by the BPO

generators, the carrier sender is mounted in a steel case
equipped with a terminal block to provide a common access
point. The steel case is protected against malicious attack and
can output a local alarm in the event of tampering.

THE LOCAL PROCESSOR

When fully equipped, the processor at the local exchange
comprises 4 type-62 equipment racks. The majority of rack
space is used to accommodate the carrier receivers. Common
equipment required for data proccssing and line transmission
is mounted on the first rack, together with 112 carrier re-
ceivers; the other 3 racks are provided as required. Racks are
interconnected using plugs and sockets, thereby allowing for
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F1c. 4—Block diagram of a local processor

growth of the system without interruption to service or the
generation of false alarms.

A block diagram of the local processor is shown in Fig. 4.
Data inputs comprising the alarm and fault outputs of the
carrier receivers and outputs from any miscellaneous alarm
sources are assembled in blocks of 16, associated with
which are programmable read-only memories (PROMs). The
functions of the PROMs are

(a) to label the data inputs with the binary-coded address
of the terminal at which the message is to be displayed,

(b) to permit the data inputs to be handled either in pairs
or blocks of 4, and

(¢) to determine if the selected data is to be routed to both
the display terminal nominated by the binary address of (a)
and the BPO maintenance terminal or to the nominated
terminal only.

For data required only at the BPO maintenance terminal
(for example, fault and test data), the message is addressed to
that terminal by a nominated binary-coded address.

Data inputs are scanned continuously. During a complete
sequence each data input is scanned 4 times: the first scan is
used in checking the various information highways; the
second scan examines the first data bit of either the data pairs
or the blocks of 4; the third scan examines all other data
inputs; and the fourth scan determines those messages to be
duplicated to the BPO maintenance terminal. These functions
are controlled by the comparator and a sequence control
derived from the scan generator.

The highway-test sequence establishcs that the data, the
data identity, and the control and address highways are
functioning correctly by injecting a test signal at the highway
test-injection point and checking the validity of the data in
the highway-test check circuit. The data input multiplexers
(MUXs) and their associated PROMs are then scanned in
sequence under the control of the scan generator. As each
data input is switched to the data highway, it is compared
with the contents of a read/write memory which is being
scanned in synchronism. Each data input is identified uniquely
by the binary scan used to switch the MUXs. Whenever a
difference is detected between the input data and the memory,
the comparator stops the scan on that data input and loads
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identity, alarm data, call and address information into the
time-division multiplex (TDM) and frequency-division multi-
plex (FDM) transmitter for transmission to the central
processor. When the central processor has examined the
message, control signals are returned to the local processor.
If the message is accepted, the read/write memory is updated
to the current state of the data input being examined. The
scan generator is then reset to scan 1 and released, and the
call signal removed. If, however, the message is not accepted
by the central processor, the returned signal releases the scan
generator and removes the call signal. The memory is there-
fore not updated and, since the scan generator is not reset, it
continues to examine the data inputs in sequence, returning
in due course to the original message, which is then retrans-
mitted. The next dala change accepted by the central pro-
cessor will then initiate a highway test, followed by re-
examination of the data inputs on scan 2.

Two forms of testing are used in the local processor: the
highway test and the remote test.

The Highway Test

The highway test is used to test that each line in each highway
is able to be switched from logic ore to logic zero when the
MUXs and PROMs are inhibited. If the highway test fails,
further scans of data are inhibited and a local faulr signal is
extended tothe BPOmaintenance terminal via the TDM/FDM
transmission system.

The Remote Test

The remote test is generated at a BPO maintenance terminal
and signalled via the central processor to all local processors.
The remote test generates an alarm-data signal at a specified
input to a selected local processor. The local processor signals
this alarm to the BPO maintenance terminal. Correct receipt
of this message initiates transmission of a clear-data signal to
the local processor, which signals back to the BPO mainten-
ance terminal. Provision can be made to access each local
processor in turn, either automatically or manually, to
perform either testing or local-control functions including,
ultimately, customer apparatus interrogation.

To guard against line failures, duplicated transmission
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paths are provided between local and central processors;
automatic changeover and alarm facilities are provided. The
TDM/FDM links have both parity and signal-level monitors.

To minimize the risk of power supply failure, diversification
has been preferred to duplication. Each power unit feeds a
limited number of carrier equipments and their associated
data multiplexers. Failure of one power unit is signalled via
a separately-powered data MUX to the BPO maintenance
terminal and does not affect the remaining inputs to the local
processor.

THE CENTRAL PROCESSOR

The assembly of a basic central processor serving one local
processor and one display terminal, togcther with common
control equipment, is shown in Fig. 5. Additional local pro-
cessors and displays are served by duplicating the respective
terminations connected to the highways. The principal
functions of the central processor are

(a) to identify call signals originating from local processors
or display points,

(b) 10 route messages to the display termination identified
by the binary address code,

(¢) to check that the display termination is free to accept a
message, and

(d) to return control information to the local processor
that originated the call.

Operation of the processor is cyclic; the scan generator is
stopped only under fault conditions.

Information received from the local processor is presented
to the central-processor input-gates from the output of the

related TDM receiver. Each termination is enabled in turn by
signals derived from the scan generator, which also generates
local-test control signals and a binary code to identify the
local-processor termination being examined. The enable
signal first causes the gate to generate fest signals which are
passed to the data and address highways. The test signal
validity is checked by the local-test check circuit associated
with the display termination and a separate check circuit
connected directly to the highways. The gate input is examined
next to establish if a call signal is present. Identification of a
call signal causes the data and address information to be
switched onto the highways for the remaining period of the
enable signal.

Each display termination store is programmed to recognize
a specific address code. The display termination which
recognizes the address code received from the local processor
then tests to see if the associated store is empty or full.

1f the store is empty, the data is loaded into the store and
control signalsare returned to the local-processor termination,
which then sends memory up-date and reset information
back to the local processor. A circuit within the local-
proccssor termination ensures that, once a call signal has
been identified by the central processor, it will, on subsequent
scans, be ignored until it has been removed and re-established
by the local processor. This is to ensure that the saine message
is not repeatedly loaded into the display termination. Should
the store be full, a release signal is returned to the local
processor and a flag is set in the store to indicate that a
further message is waiting to be displayed. With data loaded
into the display-termination store, the data, together with a
call signal, is transmitted via a TDM/FDM link to the display
point. When the display point has recorded the message, an
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Fi6. 5—Block diagram of a central processor
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acknowledge signal is returned to the display termination
which

(a) clears the store, and

(b) is then returned to the display point to clear the
display.

If it is required to transfer a message to a second display
point, the address of the selected new display and a call signal
are returned to the display termination in place of the
acknowledge signal. The data output from the store is hard-
wired to the input of a gate, which performs in a similar
manner to a local-processor termination gate. When this gate
is supplied with call and address signals, it is enabled in the
same manner as a processor termination gate and passes
information to the data and address highways. If the second
display termination is free, the message is loaded into the
new store, and control signals are returned to reset the original
display store and cancel the call and address signals from the
original display point. If the second display termination is
full, a control signal is returned to the original display point
to regenerate the call signal.

The local test, which is operative during the first part of an
enable period, inhibits the normal operation of the gates and
causes them to apply a logic ene followed by a logic zero to
each line of each highway. The test-check circuits are enabled
during this period, and any line which fails to signal the logic
levels in the correct sequence at the correct time causes the
test-check circuits to output an alarm signal and stop further
input gates being enabled.

Remote testing of the local processors covers the operation
of most parts of the central processor. Each display point can
also generate a test message to a predetermined local pro-
cessor, which will check the operation of that display point’s
central-processor termination and the display point.

Power supply arrangements are similar to those in the
local processor,

THE DISPLAY POINT

A complete display terminal comprises 2 display-and-print
units (see Fig. 6} and an associated modem unit containing
the TDM and FDM line transmission equipment. The display-
and-print units are microprocessor controlled and are
operated either in parallel or in a main and standby mode.
Interlock circuits prevent both units being switched to stand-

by; if the working unit is disconnected, the remaining device
switches automatically to the working mode. Disconnexion
of both units (or one, where no standby unit is provided),
signals a fault condition to the central processor.

The principal functions of the terminal equipment are
shown in Fig. 7 (one unit only is shown). On receipt of a call
signal from the central processor, the accompanying data is
loaded into the visual display and the printer units and, at the
same time, audible and visual alarms are activated. Depending
upon the message content, either the ACKNOWLEDGE or
TRANSFER keys will be operated by the user (both keys having
been enabled by the incoming message). Operation of the
ACKNOWLEDGE key causes the message stored in the central
processor to be cancelled and a centrol signal to be sent back
to the display terminal, which causes the received message to
be printed and the display and alarms to be cleared. Alterna-
tively, operation of one of the 6 interlocked TRANSFER keys
signals a call and the transfer address to the central processor,
and silences the audible alarm. The transfer address is read

FiG. 6---The display-and-print unit
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Fi1c. 7—Block diagram of display-point equipment functions
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(a)—In the coded identity of the calling customer, the first 2 digits identify the
{ocal processor and the last 3 digits identify the particular customer.

(b)—1dentities the type of alarm (A: Alarm, L: Line Faulit).

(c)—Message log up-dated by 1 for each incoming message and automatically
reset to 00 at 2460 hours,

(d)—Time of message receipt at the display terminal.

(¢)—Code of receiving terminal. Where messages are transferred, the code of
appropriate terminal would be printed.

(f)f'ljzme at which the acknowledgement or transfer was elfected.

FiG. 8—A typical message print-out

from a PROM housed within the display-and-print unit.
The central processor treats the call in the same way as a
Jocal processor call. If the central processor is able to load
the message into the new display store, a control signal is
returned to the display point, the visual display and visual
alarm are cancelled, and the printer isactivated. If the required
display-point store is full, the control signal returned to the
display point causes the call signal to be regenerated, thus
allowing the message to be accepted at the originating display
terminal, if required.

Two tests are available to the display terminal operator:
a local and a system test. Operation of a LOCAL TEST key
causes all supervisory lamps to light and all digits of the

visual display to be presented sequentially from 00 000 to
99 999. Operation of the sySTEM TEST key causes a test message
to be generated at a nominated local processor which is
received over the system and printed in the normal manner.

Testing can be carried out at any time the display terminal
is not in receipt of a message. The visual-message display
contains the coded identity of the calling customer together
with the type of alarin. The printed output includes additional
“housekeeping” information. A typical message is shown in
Fig. 8.

CONCLUSIONS

Extensive trials of the ABC system have established a funda-
mental system reliability; simulated traltic conditions were
used in the evaluation. A system designed to transmit fire
and intruder-alarmy data must not only be inherently reliable
but must also be able to accommmodate the various operational
requirements of fire and police forces. It is only after an
extended in-service period that a complete assessment can be
made of thesystem’s effectiveness. Thesystem will be available
for public use at selected locations during 1979; expansion of
the service offered is planned for the early 1980s.
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The Third World Telecommunications

Exhibition: TELECOM 79

Editorial Review

BRITISH TELECOMMUNICATIONS ON SHOW
TO THE WORLD

The third World Telecommunications Exhibition, TELE-
COM 79, will be held at the Palais des Expositions, Geneva,
from 20th to 26th September 1979, The exhibition has been
organized by the International Telecommunication Union,
Other events to be held in conjunction with the exhibition
include the third World Telecommunications Forum and the
first World Book Fair on telecommunications and electronics.
The exhibition will occupy some 70 000 m? of floor space
and, with more than 500 exhibitors from some 40 countries,
will be the largest telecommunications exhibition ever held.
For the first time ever, the British telecommunications
industry is to present a co-ordinated display of its systems,
equipment and capability to the world. Five leading firms
are joining with the British Post Office (BPO) to show their

t System X—A family of digital-switching telephone exchanges
that will provide the switching clement of an integrated network of
digital transmission and switching systems.
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products and services at TELECOM 79. The companies are
GEC Telecommunications Limited, Plessey Telecommuni-
cations Limited, Standard Telephones and Cables Limited,
Marconi Communication Systems Limited and Pye TMC
Limited.

The co-ordinated display of British telecommunications
on show at TELECOM 79 centres on the world’s first public
demonstration of a working System X exchanget, supported
by a range of modern digital transmission systems and new
designs of customer apparatus appropriate to the coming
digital era; for example, digital PABXs and Prestel, the
BPO’s viewdata service. The management and maintenance
aids used by the BPO will also be on display.

The display has been designed to demonstrate British
strategic thinking about the way future telecommunications
networks and services will evolve. It will also embrace the
extensive research and development programme under way in
Britain, the user facilities becoming available and how the
accumulated British telecommunications knowledge and
experience can be made available to overseas customers.
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Announcing the plans on behalf of all the partners in this
joint British enterprise, Sir William Barlow, Chairman of the
British Post Office, said, “Combining forces in this co-
ordinated presentation at Geneva enables Britain to promote
its telecommunications capability as a total concept. We are
projecting a unified front to show the world that Britain
intends to resume its leading position in the arena of world
competition for telecommunication markets.”

He continued, ‘““We shall show that Britain is still a great
commercial nation, with a wealth of innovative talent in the
advanced technology that will revolutionize the world’s
telecommunications systems and services. This collaboration
at TELECOM 79 is a real ‘first’ for British telecommuni-
cations.”

‘... the most important item will be System X---one of the

most significant and exciting developments in world tele-
communications today. Our flexible approach to its design—
enabling us to include the latest facilities and apply the most
up-to-date technologies—will put System X ahead of other
digital systems currently under development when it becomes
available in 1981.”
.+ “System X and TELECOM 79 are great opportunities for
Britain”, Sir William added. “We believe that System X is
the product we so urgently need to sell to the world. We in
the BPO have already demonstrated our faith and confidence
in it in a big way. We are investing £150M in its development
and have set the lead with a firm supply programme for our
own UK network, which is among the world’s largest.”

*“We will be showing how System X can be adapted to the
different service and operational needs in Britain and abroad;
how System X is not just another exchange system—but a
complete approach, in which computer aids in design, plan-
ning and operations are helping to cut costs and reduce the
time taken to respond to new technology, and to the diverse
and ever changing needs both of our own customers and
overseas administrations.”

The largest single telecommunications development project
ever undertaken in Britain, System X is a collaborative
project between the BPO, GEC, Plessey and STC. These
4 organizations have formed a new company—British Tele-
communications Systems Limited—to promote System X
overseas.

At Geneva, more than 2500 m? of exhibition space has been
booked for the British stand.

In addition to the BPO and the 5 leading companies, there
will be 27 other organizations exhibiting under the aegis of
the Electronic Engineering Association (EEA) in conjunction
with the British Overseas Trade Board (BOTB).

UK EXHIBITORS

In addition to the joint display, the BPO and the individual
companies will each have stand areas for their individual
exhibits.

The British Post Office

The BPO will be promoting its overseas consultancy service—
the work it does to help other countries plan and run their
telecommunication systems.

At any one time, some 250 BPO telecommunication experts
are working abroad on assignments which cover almost every
expertise required in running a public telephone business.
The world-wide experience gained in this way is fed back to
the BPO—enhancing its ability to cope with virtually any
problem faced by any administration anywhere on the globe.

At every stage of its work, the BPO’s telecommunications
consultancy service can call on the huge wealth of resources
and expertise devoted to planning and operating Britain’s
vast telecommunications network, valued at some £12 000M.

While the BPO’s overseas assistance has traditionally been
to provide highly-specialized staff to deal with a particular
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technical problem, or lead a team assigned to manage a
particular task, it is now changing character. As a result of
many requests from overseas administrations, the BPO is
now undertaking major consultancy projects which require
teams of experts embracing many different specialisms.

GEC Telecommunications Limited

The “digital 80s’ is the theme of the GEC stand. A total
network capability in digital transmission systems up to
140 Mbit/s will be displayed, including microwave-radio
systems, line transmission systems for coaxial cable and
optical fibre and a complete range of digital multiplex
equipment.

Analogue transmission equipment will also be displayed
with 6 GHz microwave-radio equipment and frequency-
division multiplex equipment, representing a comprehensive
range of radio and line systems for up to 2700 channels.

The facilities and versatility of digital business-communi-
cation systems will be demonstrated by 2 complementary
PABXs, which between them cover a size range from 4 to
over 5000 lines. Both equipments use digital switching and
stored-program control.

In the subscribers’ apparatus field, a wide range of ter-
minals, including digital and analogue telephones, small
business systems and payphones will be connected to both
digital and analogue switching systems. These will demon-
strate the potential versatility of digital switching technology.

In a viewdata demonstration, both domestic and business
terminals will be connected through both digital and analogue
switching systems to a central computer that will provide
hundreds of typical viewdata pages.

The Plessey Company Limited

Plessey will be exhibiting a wide range of products, demon-
strating the company's competence over a wide range of
advanced technology in communications. The Transmission
Division will be showing 30-channel PCM systems with
higher-order multiplexing equipment and an optical-fibre
system. Public telephone switching will be represented by the
PENTEX electronic exchange, which was developed specifi-
cally for export markets from the BPO TXE2 system. Also
for use in the public network, a new telex system—based on
the Plesscy 4660 system recently brought into public service
by the BPO at its international exchange in London—will be
on display.

Plessey Office Systems Limited will be exhibiting the new
PDX and K1 systems, both successfully launched last year,
and now sold widely in export markets. The company will
also be exhibiting a small business system.

Plessey Electronic Systems Limited will be showing its
capability to supply various types of satellite ground stations,
including an INTELSAT Standard B installation together
with satellite terminals suitable for domestic systems, and
units suitable for TV distribution networks. In addition, there
will be a display of its capability in the field of maritime
satellite communications shore stations,

Standard Telephones and Cables Limited

Standard Telephones and Cables Limited (STC) will be
demonstrating the company’s activities in the fields of
telephone exchange switching, landline and undersea trans-
mission, fibre optics, viewdata, subscriber’s terminals and
apparatus, communications cable and PTT test and operator
equipment.

Many of the products will be included in working demon-
strations—some of them operating in the public telephone
network.

Major displays will feature TXE 4A electronic telephone
exchange equipment, TV transmission over an undersea
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telephone cable system, data transmission via an optical-fibre
link, and the testing of telephone lines and subscribers’
apparatus from a reinote point. Other exhibits will highlight
STC's microprocessor-based Operator Position Assistance
System (OPAS), which speeds the tasks of handling telephone
calls involving the operator, and the company’s purpose-
designed business viewdata terminal. A special display will
feature STC's full project management capability worldwide,
including any civil works that may be involved.

Marconi Communication Systems Limited

Highlighted on the Marconi Communication Systems Limited
display will be the new 30-channel PCM equipment which
has been designed and developed by Marconi in conjunction
with the BPO to be suitable for both home and export
markets, and which will have its first showing at TELF-
COM 79. In recent years, Marconi has supplied over £25M
worth of 24- and 30-channel PCM equipment to the BPO
and other UK and overseas customers. Additional line
equipment on display wilf include 300 bit/s and 600/1200 bit/s
MODEMs and supergroup CODEC equiptnent.

Marconi will also be featuring a range of the latest radio
communications equipment, including 1 kW and 10 kW HF
transmitters and an MF/HF receiver from the Marconi fast
tuning (MFT) range of radio communications equipmcnt,
ably supported by the latest receivers from Eddystone Radio
Limited (a2 member comnpany of Marconi Communication
Systems Limited). More than £35M worth of MFT equip-
ment has been sold throughout the world in the last 2 years.

Marconi, as the inajor supplier of satellite earth stations
in the UK, handed over to the BPO a new design 11/14 GHz
OTS station at Goonhilly Downs, Cornwall, and the first of
a series of new INTELSAT stations at Madley, Herefordshire,
at the end of last year, and is currently commissioning the
second Madlcy terminal. The Company is prominent in the
design and development of equipment for the next generation
of 11/14 GHz systems and will be displaying a 2 Mbit/s data
terminal, a 120 Mbit/s TDMA modem, and a model of the
19 m antenna installed at Goonhilly Downs. Also on display
will be a Marconi “Arion” maritime shipborne satellite
terminal.

The latest line-of-sight radio-relay equipinent from the
Company's range of microwave products will be displayed,
together with models representative of the tropospheric-
scatter installations that Marconi has supplied to the BPO
to provide communications to offshore North Sea Oil in-
stallations.

Pye TMC Limited

Pye TMC is participating on the joint BPO and Industry
stand with a wide range of subscribers’ apparatus and switch-
ing equipment.

Highlights in the display will bc a working demonstration
of the new Small Business System, developed and manu-
factured by Pye TMC for the BPO and which has considerable
export potential; the VISA viewdata business terminal, a
desk-top equipment purpose-designed for the office and
incorporating a keyboard and a printer; new generation dial
and key-phones and Planset; MF instruments; and a range of
autodiallers.

Supplementing these equipments will be a voice response
system which stores digitized speech on a silicon chip, and a
range of main telephone exchange enhancement equipments,
including an electronic regenerator, call transfer and metering
units.

Many of the equipinents displayed incorporate Pye TMC-
developed MOS-LSI circuits, and this activity will be repre-
sented by typical purpose-designed silicon chips and logic
circuit diagrams.
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THE ELECTRONIC ENGINEERING ASSOCIATION

The following companies are exhibiting at TELECOM 79
under the aegis of the Electronic Engineering Association
(EEA). A brief description of the products to be displayed
by each company is given. Further information can be
obtained from the EEA at Leicester House, 8 Leicester
Street, London WC2H 7BN.

Company Prod uct

Airtc:H Ltd.

RF filters and duplexers

Balfour Beatty Power Masts and tower construction

Construction Ltd.

Barclays Bank Ltd. laternational banking facilities

Barkway Electronics Ltd. Audio intercommunication

systems

British Aerospace Dynamics Communication satellites

Group

Carr Fastener Eo, Ltd.

Connectors and terminal blocks

Crystalate (Holdings) Ltd. Connector:s, audio eqbipment,

power units

Data and Control Equipment Telex, telegraph and data
Ltd. peripheral equipment

HT cable test equiprnent,
microwave switches

Evered and Company (Mctals) Wavcguide construction
Ltd.

Decca Radar Ltd.

Farnell Instruments Ltd. RF test equipment

Feedback Instruments Ltd. Telephone answering and
recording equipment

Institution of Electrical
Engineers

Technical publications

IPC Electrical and Elea'onic
Press Ltd.

Technical publications

1PC Science and Technology Technical publications

Press

Surge arresters

M-0 Valve Company

Paging systems

Multitone Electric Company
Ltd.

Facsimile communication
cquipment

Muirhead Data
Communications Ltd.

National Westminster Bank International banking facilities

Ltd.

Racal-Dana Instruments Ltd. RF instrumentation

Data communication
equipment

Racal-Milgo Ltd.

Salford Electrical Instruments Loading coils, components, test
Ltd. equipment

Computer-aided message-

Sperry Gyroscope >
switching systems

Telcpower Systems Ltd. Power plant

Data communication
equipment

Trend Communications Ltd.

Western Electronics Ltd. Masts and towers

{A/illiams and Glyn’s Bank International banking facilities

Ltd.
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The Mayfield Incident

J. W. HAWKINS*

INTRODUCTION

Mayfield is a village some 14-5 km south of Tunbridge Wells
in the South Eastern Telecommunications Region. The
exchange, an unattended small automatic exchange (UAX 14)
which opened for service in 1952, was situated on the northern
fringe of the village, next to the village hall but with no
houses immediately adjacent to it. Opposite the site stands a
large convent school for girls.

On Monday 27 November 1978 at approximately 07.50
hours, an explosion occurred which completely destroyed the
exchange. Fig. 1 shows the site later in the same day before
any clearance work had been carried out; the cable trench is
in the foreground. A very high-energy explosion was indicated
as the site was completely devastated and debris was scattered
over a wide area. Pieces of brickwork approximately 0-5 m?
were thrown across the adjacent main road and also into the
field adjacent to the exchange. The slope of the ground
shielded the village hall from the main effects of the blast, but
the wooden hut used by the Mayfield Band, situated between
the exchange and the hall, was extensively damaged. Many of
the windows of the girls’ school on the other side of the main
road were blown in by the blast.

Miraculously, no traffic was passing at the time and the
only injury reported was to one girl slightly injured by flying
glass. The Fire Brigade were the first known people on the
scene and Area Management received its first information
when the Brigade Headquarters at Lewes telephoned the
group switching centre (GSC) at Tunbridge Wells. Main-
tenance engineers were soon on site, followed shortly after-
wards by planning staff from Tunbridge Wells to determine
means of restoring service.

THE EXCHANGE

There was no visible evidence or smell of fire on the site, but
first arrivals reported a strong smell of gas. The explosion
appeared to have occurred near the front of the building as
all the apparatus racks and the roof beams were blown
towards the rear. The main distribution frame was moved in
a 90° arc from its original position, dragging some cables
through the lead duct seal. Channel irons which had pre-
viously carried wooden trap-door entries to the cable trench
showed severe downward deformation. Although difficult to

t Tunbridgt: Wells T;iephone Area

FiG. 1—The scene shortly after the explosion
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prove conclusively, it is strongly suspected that natural gas
from a leaking gas main, ignited by a spark from exchange
equipment, was the cause of the explosion. Cable entry to
the building was by means of a 9-way earthenware duct
terminating in a shallow cable trench approximately 1 m
deep. The duct end was sealed with a lead-sheet seal and the
cables were plumbed to this, or in the case of plastic-sheathed
cables, sealed with mastic. This all appeared to be in good
condition apart from the pulling of the cables due to the
explosion. The cable trench, which had been extended
towards the front of the building after the exchange had been
built, was lined inside with an asphalt tanking. Inside this
tanking had been built a false wall of 115 mm (4% inches)
brickwork terminating at floor level, and to which cable
bearers and the duct seal were fixed. At the point where the
duct entered the building, there was a loosely filled crevice of
approximately S0 mm between the asphalt tanking and the
false wall. A piece broken from the top of the earthenware
duct in this gap allowed a free passage of gas from the duct
into the building that would not have been discovered in the
regular tests carried out on duct seals.

A few hours after the explosion, Gas Board engineers
discovered a fracture in a 150 mm cast-iron gas main in the
footpath outside the exchange at a point where it crossed
over the exchange lead-in with a clearance of only 50 mm.
From this point the duct entered the building with no inter-
mediate joint boxes.

THE RESTORATION PLAN

It was immediately evident that no equipment at the exchange
was usable and a temporary replacement exchange would be
required. It was decided that 3 mobile non-director exchanges
(MNDXs) (mobile strowger exchanges) werc rcquired to
restore service to all Mayfield's 950 customers. A means of
restoring an emergency telephone service to the village was
required until these could be brought into service. Temporary
cables were laid along the hedgerows to the nearby exchange
of Rotherfield and by 11.50 hours a payphone was working
in the village hall, together with a second line for sitc control.
Later on the same day, a specially equipped caravan was
brought from the Guildford Area in which more payphones
and direct exchange lincs were installed, to which telephone
subscribers were given free access.

THE TEMPORARY EXCHANGE

The MNDXs were despatched from a storage site in the
Guildford Area and the first arrived at Mayfield at 15.00 hours
on the day of the explosion, followed by the other two the
following day. The exchange site was too small to park these
without clearing the debris of the old exchange, which would
have prejudiced site investigation and hampered subsequent
rebuilding. A few hours after the explosion, permission was
obtained to use the car park of the village hall as a temporary
exchange site. As the mobile exchanges arrived, they were
placed in position and work started immediately. Power was
initially supplied from a 32 kW mobile generator brought
from Tunbridge Wells, but later in the week this was replaced
by a permanent mains supply installed by the Electricity
Board. Initial work consisted of grading-out selector levels
and uniselector gradings. As soon as the second and third
mobile exchanges arrived, tie cables were installed between
them and the first. Additional selectors and relay-sets were
brought in from other exchanges to augment the fitted
equipment. By midnight on the first day, junction circuits to
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the GSC at Tunbridge Wells were completed. Shortly after the
disaster occurred, a recorded announcement had been con-
nected to the incoming level from the GSC. This was retained
and a new level opened, to which traffic was diverted under
the control of operators, Each mobile exchange provided
service for 400 lines in the same number range as the UAX 14,
and, as soon as the first was ready, emergency lines were
reconnected. Those emergency lines which did not fall in the
range of the first 400 lines were allocated spare numbers to
give them service. The 25 emergency lines in the village had
service restored by 17.30 hours on the 28 November. Con-
nexion of the remaining lines followed; half were connected
by 09.00 hours on Saturday 2 December and the rest by
12.00 hours on the next day. These restored lines were tested
by operators using instruments installed in the village hall.
By 18.00 hours on Saturday 2 Dccember the incoming levcls
from Tunbridge Wells and Heathfield were re-opened and the
operator-controlled level retained for operator use. In the days
following the reconnexion of full service, other miscellaneous
facilities, such as extended alarms and test numbers, were
added. Service observation facilities were also added, as it was
considered that customers would tend not to report faults,
believing the restoration to be only partially complete. The
speed of restoration of service was limited by the rate of
connexion of external cables and the number of men who
could work simultaneously in the restricted space available
in the mobile exchanges.

EXTERNAL CABLES

All the underground cables to the exchange were routed
through the undamaged exchange manhole in the carriageway
of the main road. All cables were extended from here to the
temporary exchange site approximately 120m away, except
for one 300-pair local cable which was intercepted and
diverted directly to the mobile-exchange site. Sufficient spare
duct capacity was available in the highway, but a short length
of duct was laid from an existing joint box to the village hall
site. One 1200-pair local cable was used and junction require-
ments were catered for by two 160-pair cablcs, onc 104-pair
cable and one 60-pair cable. Cables were cut in the exchange
manhole and the ends brought above ground, as the presence
of gas prevented jointing below ground. As the work pro-
gressed, this proved useful as it enabled jointing to be carried
out on three cables simultaneously, which would not have
been possible in the manhole. The first junctions and the
emergency lines were connected using the 104-pair cable
directly from the exchange manhole to the main distribution
frame (MDF) in Mobile Exchange No. 1. To connect all the
subscribers, a more flexible method was required to enable
lines from each of the 3 mobile exchanges to be extended to
any point in the distribution network and to interconnect
various through-circuits on the junction cables. Two Cabinets
Cross Connexion No. 3 were installed close to the mobile
exchanges, the junction cables being terminated on one and
local cables on the other. A 400-pair tie cable was run from
these cabinets to each mobile exchange and terminated on
the exchange side of the MDF, thus obviating the need for
line-side to exchange-side jumpers.

In the cabinets, cables were terminated on Strips Cross
Connexion (plastic strips through which cable pairs are
threaded and wire joints made with crimped connectors). The
street cables were terminated in cable order and the cables
from the mobiles in exchange numerical order. The cross
connecting was effected by leaving a long tail on the exchange-
side pair and running this as a jumper to connect to the
required distribution pair, leaving only one pair of wire joints
for each line. The size of the cabinet shells slowed the work of
terminating and jumpering, and it was quickly decided to
remove the tops and backs to allow more working room. An
additional jumper field was then erected above the roof level
which allowed more room for jumpers and for connexions
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between local and junction cabinets. A sectional wooden hut
was purchased and erected over the two cabinets after the
initial connexions had been completed. Air seals were fitted
to the cables and air applied initially from bottles, which were
later replaced with cable pressurization equipment installed
in the hut. Also installed in the hut were equipment racks to
provide amplifying points on coaxial and PCM routes which
were being installed by contractorsat the time of theexplosion.

Records from the Installation Control were used to prepare
schedules to reconnect lines. Cable pairs were identified back
from the distribution points to the exchange manhole by
jointers using pair-locating equipment and two-way radios.
After restoration, the completed cable joints were reinforced
with wooden splints and the bight of cable passed through
the entrance to the exchange manhole. Final sheath closure
was then carried out in the manhole.

COMMUNICATION WITH THE COMMUNITY

The village residents were first informed of the reason for the
failure of their telephone service by police loudspeaker cars
which toured the area. This was followed next morning by a
letter from the General Manager’s Office delivered to all
householders by the Postal service. After the completion of
the mobile exchange, the Regional Director, Mr. Barker, met
and thanked all his staff who had worked on the project.
Representatives of the local community were invited to this
meeting and expressed their great satisfaction at the speed of
restoration of their telephone service. This satisfaction was
later expressed in more tangible form when the residents
organized a party for the Post Office staff which included
entertainment by the Mayfield Band and the local Womens’
Institute.

SITE CONTROL

Soon after the initial report of the explosion the Head of
Maintenance, Mr. Gray, took charge of operations on the
site. An Incident Control was set up in the Telephone Area
Office to report progress to the Regional Headquarters,
Communication to the site was initially by radio using a
vehicle from the Underground Maintenance group. During
the first morning the radio link was augmented with an
exchange line to Rotherfield and later with lines to Tunbridge
Wells, using junction cables and a portable incident rack
which had been specially constructed at an earlier date for
use in just such an emergency.

The village hall was made available for a control centre and
was extensively used by all groups. Planning staff prepared
jointing schedules on site and, later in the week, a miniature
Repair Service Centre was set up in the hall, using records
brought from the main centre at Tunbridge Wells. The
kitchen facilities of the hall were also used by the Post Office
Catering Division to provide a day and night service of hot
meals and drinks for the staff on site throughout the week.
Work continued round the clock during the week and many
of the staff worked long hours.

PERMANENT EXCHANGE REPLACEMENT

The Strowgerequipment was already scheduled to be replaced
with reduced-height TXE2 equipment in the existing building.
This TXE2 equipment will now be housed in a new Q-type
building to be built on the site of the original exchange, for
which planning permission has been obtained.

CONCLUSIONS

The complete restoration was carried out by staff of the
Tunbridge Wells Telephone Area with the co-operation and
support of Regional Headquarters and other Areas who
lent equipment. A 950-line exchange was virtually restored
in six working days, an achievement of which all concerned
can feel justifiably proud. It is planned to havc the new
TXE2 exchange in service by the end of 1980.
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The Introduction of a Pentex Exchange

into the Public Network

G. P. MATTY, B.A.(HONs.)T

At 08.00 hours on 5 December 1978, a new non-director (ND),
6000-line exchange entered public service at Werrington in
the Peterborough Telephone Area. The exchange is a Plessey
Pentex ERM, a large local exchange and one of the range of
complementary systems marketed by Plessey Telecommuni-
cations Ltd. (PTL) for overseas administrations. The Pentex
exchange replaced an existing order, with PTL, for a TXK1
exchange as a result of a PTL rcqucst for a public-service trial
facility in the British Post Office (BPO) network, in order that
the Company could demonstrate the system to potential over-
seas buyers. GEC Telecommunications Ltd. requested a
similar facility, and a GEC RS22 small local exchange has
been in public service at Clipston in the Leicester Telephone
Area since 26 January 1978.

A brief description of the Pentex ERM exchange will be
given in a later article in this Journal.

The common-control equipment is similar to that of
TXE2, but a separate incoming junction processor, with
separate registers, has been provided.

t+ Peterborough Telephone Arca

The Pcntex system was provided under a specially nego-
tiated contract. In addition to cost aspects, agreements were
reached with PTL on commissioning and acceptance speci-
fications; long-term procurement of specialist components
and equipment for extensions; technical back-up, post-design
service facilities and feedback on system performance; docu-
mentation requirements; test gear and special tools to be
supplied; future modification strategy; and training of BPO
staff.

During the period of the contract, progress was monitored
by regular meetings between the BPO and PTL.

The installation of the Pentex exchange started on time
early in 1977, and commissioning commenced in late 1977.
Towards the end of the project, and following a successful
multi-call sample, Telecommunications Development Depart-
ment performed compatibility testing on transmission, pulsing,
and junction and line limits. The tests were successfully con-
cluded and the exchange entered service on 5 December 1978.
To date, the exchange has performed to the expectations of
both the BPO and PTL. The installation of a further extension
of 2000 lines is planned to start in late 1979, and future exten-
sions arc planned for an ultimate capacity of 20 000 lines.

Institution of Post Office Electrical Engineers

General Secretary: Mr, R. Farr, THQ/NP9.5.4, Room S 04, River Plate House, Finsbury Circus, London EC2M 7LY; Tel: 01-432 1954

RESULTS OF 1978-79 ESSAY COMPETITION

Prizes and Institution Certificates have been awarded to the
following competitors for the essays named.

The Council of the Institution records its appreciation to
Messrs. A. W. Welsh, A. H. Blois, H. C. Hornsby, C. Johnston
and D. W. Stenson for undertaking the task of adjudication
and providing summaries of the winning entries.

The prize-winning essays are held in the Institution’s
central library and are available to borrowers.

Section 1

Essays submitted by members of the Institution in all British
Post Office (BPO) grades below the Senior Salary Structure
and above the grades in Section 2 below.

Prize of £30 and an Institution Certificate

Mr. D. D. Hornsby, Assistant Executive Engineer, Tele-
communications Headquarters, Telecommunications Person-
nel Department: Watch Out, Watch Out, There’s a Micro
About!

The essay briefly sketches the development of the micro-
processor from the early mechanical calculators through to
the silicon chip. Present and possible future applications are
considered and the social impact of these is discussed. The
author concludes that new possibilities, and jobs, will emerge.
The changes will, however, be associated with personal
upheaval for individuals.

This was a lucid, easily read presentation, well researched
and giving a personal view of a new *‘industrial revolution®.
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Prizes of £10 and an Institution Certificate.

Mr. E. G. Clayton, Assistant Executive Engineer, Norwich
Telephone Area: The Use of History in the Post Office.

Starting with the proposition that Telecommunications
requires people, the author develops his theme that too little
is recorded of the people who install, maintain and use the
telephone. He illustrates his arguments to show the sort of
historical records that can be built up to put flesh on the bare
bones of industrial archaeology in the Post Office.

Mr. J. G. Wardle, Assistant Cxecutive Cngineer, Midland
Telecommunications Region Headquarters: Switched Tele-
communications Services—Design and Planning.

The essay sets out the many factors that play a part in the
design and provision of the switching network in the United
Kingdom. Problems, such as compatibility with existing
plant, long-term forecasting and economic considerations,
and the switching hierarchy, are discussed. The author’s
treatment of these topics is, perhaps, stereotyped but thorough.

Section 2

Essays submitted by BPO engineering staff below the rank of
Inspector.

Prize of £20 and an Institution Certificate

Mr. M. F. Cruise, Technical Officer, Blackburn Telephone
Area: Telecommunications in the Arab World.

A topical, well-researched essay surveying the market for
telecommunications systems in the Middle East, in which the
possible development of networks in most Arab countries
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over the next decade is discussed. The existing and prospec-
tive contracts for equipment and consultative services are
described, indicating the potential for UK participation.

Prizes of £12 and an Institution Certificate

Mr. G. Clifford, Technical Officer, Bradford Telephone
Area: Vehicular Traffic Control and the Post Office.

This essay deals with the effects of modern traffic-control
systems on the Post Office, firstly as a major user of roads
and secondly as the provider of circuits for video monitors
and the computerised control of traffic signals.

Mr. F. Eastham, Technical Officer, Blackburn Telephone
Area: The Hero of Little Brow.

A night’s cable-jointing activity is described in the form of
a short story, bringing out technical details and some of the
conditions under which jointers operate. As the title implies,
there is some drama and a twist at the end of the story.

Prize of £6 and an Institution Certificate

Mr. D. E. F. Blandford, Technical Officer, Portsmouth
Telephone Area: Are You Being Served ?

This essay sets out to give the reader an understanding of
the causes of line-plant shortages and their effects on the pro-
vision of telephone service. It includes a description of a
variant of the standard methods for controlling the waiting
list, as used in the Portsmouth Telephone Area.

Certificates of Merit

Mr. W. Headdon, Technician Class 1, Tunbridge Wells
Telephone Area: The Craft of Box Building in the Tunbridge
Wells Telephone Area.

Mr. D. A. Heath, Technical Officer, Southampton Tele-
phone Area: Keeping the Customer Satisfied.

Mr. S. J. Wilson, Engineering Instructor, Scottish Tele-
communications Board Engineering Training Centre: A Prac-
tical Exercise in Transmission for the Trainee Technician
(Apprentice).

1979-80 ESSAY COMPETITION

Prospective entrants for the next Essay Competition (the
details of which will be announced in the October 1979 issue),
may like to know that Council has authorized an increase in
the prize fund to £100 for each Section instead of £50.

HONORARY MEMBERSHIP

Mr. A. B. Wherry, past General Secretary of IPOEE, has
been elected to Honorary Membership in reécognition of his
considerable services to the Institution over many years.

THE FEDERATION OF TELECOMMUNICATIONS
ENG‘I:NEERS OF THE EUROPEAN COMMUNITY
(FITCE)

By the time this note is read, members should have received
my letter dated May 1979 introducing the above Federation.
Any member who has not scen a copy should contact their
Local Centre Secretary. It is my intention to report progress
on the IPOEE bid to join the Federation and on related
matters in subsequent issues of the Journal,
R. E. FARR
Secretary

The Associate Section National Committee Report

SIXTH NATIONAL TECHNICAL QuIZ
COMPETITION FINAL

The sixth national technical quiz competition and awards
evening took place at the Institution of Electrical Engineers
Theatre, Savoy Place, London on Friday 20 April, 1979. The
guests included Mr. Peter Benton, Managing Director, Tele-
communications, and his wife, Mrs. Ruth Benton.

Following introductions by Master of Ceremonies Norman
Clark, London Centre delegate to the National Committee,
came the presentation of awards.

The first award was the Cotswold Trophy, which is pre-
sented each year to the Centre, Area or Region that does
most to further the aims of the Associate Section, this being
the seventh time the award had been presented. The-Chairman
of the National Committee, Mr. Eric Philcox, invited Mrs.
Benton to present the trophy to Mr. Peter Kime, Chairman
of the Chester Associate Section Centre, the centre that
polled the greatest number of votes this year. The citation
referred to a high-quality programme of lectures, visits, an
impressive display set up to celebrate the Silver Jubilee, and
a quiz timer built for a project.

The next award was the E. W. Fudge Trophy for the
Project Competition. The project for 1978-9 did not attract a
great deal of support from the regions, so a suitable project
of another type was sought. It was found that the London
South Area, over the last two years, had built a TXE4
simulator, and after much consultation between the Project
Organizer, the National Executive Committee, and Regional
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delegates it was decided that the London South Area were
very worthy winners. Mr. Joe Anning, National Project
Organizer, asked Mr. Peter Benton to present the trophy to
Mr. Bob Beadle, who represented the winners.

After a short interval, the main business of the evening was
reached with the introduction of the Technical Quiz Final by
its organizer for the past six years, Mr. Kevin Marden. The
teams for 1979 were Cornwall, representing the South West
Telecommunications Region, and London East, representing
the London Telecommunications Region; the captains of the
teams, Mr. Capper and Mr. Ahlguist respectively, introduced
their teams to the audience.

An immaediate lead was taken by London East and was
maintained throughout the contest. The final outcome was a
win for London East by 36 to 32 points. The Bray Trophy
was presented by Mr. Benton to Mr. Ahlquist.

Later in the evening about 100 people attended the National
Awards Dinner where the guest of honour was Dr. Philip
Bray. After a very pleasant meal, Mr. Eric Philcox presented
Mr. Gilbert Rimmington and Mr. Brian Hickie with gifts for
past services to the National Committee since its inception
nearly eight years ago.

All members of the National Executive Committee would
like to thank everyone involved in making the evening a
success.

M. E. DispeN
Secretary
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Associate Section Notes

CAMBRIDGE CENTRE

The 1978-79 session has been very successful following a
decline of interest in recent years. The programme started in
June 1978 with two visits to Lotus Cars Ltd. of Norfolk
where members saw the production of the world-famous
sports cars, There followed a visit to Pye Telecommunications
Ltd. at Cambridge, makers of two-way radio equipment as
used by the police and taxi operators. In September, a party
of members toured the British Post Office Research Centre at
Martlesham and enjoyed a brief look at systems of the future.
The next visit was to the USAF base at Alconbury to view
the workings of a reconnaissance unit. The final visit of the
session was to the Mid-Anglia Police Headquarters at
Hinchingbrook where, among other things, we saw a demon-
stration of the new police computer.

In November, we were given a lecture on Prestel by Mr. K.
Clarke of the BPO Research Centre at Martlesham.

The Centre’s next event was a reversal of roles with the
Centre playing host to a party of rcprcscntatives from firms
which members had previously visited. Following an intro-
ductory talk by the General Manager of Cambridge Telephone
Area, Mr. A. Hull, about 90 guests were taken on a tour of
Cambridge Trunk Fxchange.

The annual general meeting for 1979 was held in March
and the following officers and committee were elected.

President: Mr. D. Ashman,

Chairman: Mr. P. Howlett.

Vice-Chairman: Mr. G, Matheron.

Hon. Secretary: Mr. P. Young,

Assistant Hon. Secretary: Mr. B. Cole,

Hon. Treasurer: Mr. P. Gray.

Committee: Messrs. D. Ford, M. Corby, L. Salmon,
B. Matthews and S. Hurt.

The meeting was followed by a talk on the Work of a
General Manager given by Mr. A. Hull.

The programme for 1979-80 will include visits to Measham
Collicry, the RAF Establishment at Bedford, the Ford Motor
Company, the PO Tower and underground railway, Boosey
and Hawkes Ltd. (musical instrument makers) and a trout
farm. Lectures have been arranged on Fibre Optics and
System X. It is hoped to hold an evening meeting during the
winter where members can demonstrate their hobbies and
interests,

I hope that all members will continue to give support to
the Centre in the way in which they did last year. If any
information is required, please telephone me on Cambridge
65231.

P. Younc

GUILDFORD CENTRE

Since the end of September 1978, the centre has arranged no
less than 22 functions. These have included 14 quizzes, 2 lec-
tures, 2 visits, 3 film-shows and a Christmas party.

The Centre’s involvement with quizzes has been particularly
heavy. After winning the Bluring Trophy in the South-
Eastcrn Telecommunications Region technical quiz we pro-
ceeded to the national quiz for the Bray trophy. After man-
aging to reach the second round we were beaten by Grimsby.
However, the team still faced the final of the inter-regional
quiz between London Telecommunications Region and South-
Eastern Telecommunications Region. In this we were success-
ful in retaining the trophy for the third year running. A great
deal of time and effort goes into arranging these technical
quizzes, and it is a pity that this is not matched by support
from the membership.

The Centre’s general-knowledge quiz runs from strength to
strength. With over 40 teams of 4 members entering this year,
the quiz secretary, Dave Leedham, has been kept very busy
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arranging heats and composing literally thousands of ques-
tions.

Between the various quiz competitions, we have had to fit in
the other functions; the 2 lectures, one on Lasers and Their
Application in Telecommunications and the other on Measure-
ment and Analysis Centres, attracted fairly small audiences
and it is hoped that the forthcoming talk on System X will
attract a larger attendance.

The 3 film-shows held since last autumn have been fairly
well attended. The first one, with a programme suitable for
all the family, attracted an audience of 70 members.

There have been only 2 visits since the end of September,
one to HMS Dolphin, the submarine museum at Gosport,
and one to the new sewage and refuse incinerator works at
Basingstoke. As always, the visits were well supported.

The committee has endeavoured to arrange a balanced
programme and have ensured that the technical content has
been maintained. The Centre is very much alive, but more
support for the technical functions would encourage the
commiittee.

R. STONE

LUTON CENTRE

The centre has seen a gradually increasing interest over the
past few years with a corresponding increase in membership.

In the past session we have had a full programme which
has included visits, film-shows and talks on various subjects.
There have been 12 meetings, and during the winter some
film-shows, mainly on the theme of transport. All the meetings
have been well attended and some members have been
disappointed because the demand for places on some visits
has exceeded the number available.

Activities have included a visit, by 30 members, to the
British Rail works at Derby where we were able to sce hcavy
engineering work carried out on locomotives and rolling stock.
Construction of the Advanced Passenger Train was also in
progress and members were able to make a close inspection
of the new train. This was followed by a visit to the Post
Office Tower. In January a double visit was arranged: to the
Euston power signal box in the morning and to the Victoria
line underground depot at Northumberland Park in the
afternoon. At Euston, members were able to see one man
controlling trains in and out of the station with the aid of a
large illuminated control panel. At Northumberland Park, we
were able to look over the stock of the first public automatic tube
line in this country and to see various servicing operations
being carried out. In March, a party of members visited the
Post Office Marine Division at Southampton. We were shown
over the Cable Ship Monarch, which was unloading cable
from a recovery operation, and shown round the depot to
see the shore-based side of the division.

Great interest was shown in a talk on Microprocessors
given by Mr. T. Grange of Bedford Area. He brought along
a Teletype and a “‘black box” which he had programmed to
play a simple game. In view of the interest, Mr., Grange has
kindly consented to speak on the subject again at a later date,
Great interest was also shown in a talk and demonstration
of Prestel.

Future visits are planned to the Post Office Research Centre
at Martlesham and to a coal mine.

W. H. WEBs

NEWPORT CENTRE

On 23 March 1979, the annual Associate Section four-centre
general-knowledge quiz for the Four Rivers Shield took place,
with teams from Bristol, Cardiff, Gloucester and Newport
participating. The evening opened with an address of welcome
by the Chairman of the host centre, Cardiff, Mr. D. Corp.
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The guest question-master was Mr. Arfon Haines Davies,
television personality from Harlech Television.

After a very exciting and close contest, the Newport team
of G. Essery (Captain), R. Payne, K. Sullivan and T. Withers
emerged as winners, just beating Cardiff by 72 points to 69.
Gloucester were third (46 points) and Bristol fourth (45 points).
At the end of the contest Mr. E. Davies, General Manager
Cardiff Telephone Area, presented the shield to the winning
captain and the evening concluded with a buffet and disco-
teque.

K. 1. FLEET

OXFORD CENTRE

The Centre now has 11 years behind it, and I am pleased to
report that its activities continue to attract new members.

The 1978 summer-visits programme was well supported.
The visits included the Post Office railway, the Post Office
Tower and the Post Office Research Centre at Martlesham.

A programme of lectures was arranged for the winter and
included subjects as diverse as Antique Clocks, Canals and
Early Telegraphy. An interesting talk on his journey through
the Middle East, illustrated by slides, was given by one of our
members.

Once again, the Centre represented the Eastern Region in
the National Technical Quiz. After reaching the semi-final,
we were narrowly beaten after an exciting contest by Truro
(representing the South-West Region).

In the newly instituted Regional General Knowledge Quiz,
we have been successful in the two rounds played so far, and
eagerly await the third round.

E. I. WARHAM

SOUTHAMPTON CENTRE
The committee elected for the 1978-79 session was:

Chairman: Mr. R. Genge.

General Secretary: Mr. R. Playdon.

Events Secretary: Mr. C. Grant.

Treasurer: Mr. T. Axton.

Librarian: Mr. M. Walker.

Committee: Messrs. P. Bates, J. Green, K. Mann, D. Rolfe,
T. Stockwell and R. de Turberville.

A fairly successful programme was arranged for the session
with lectures on Optical Fibres by Mr. B. White of the Post
Office Research Department and on the Mary Rose by
Mr. A. McKee, the Director of Excavations. Visits have taken
place to the Independant Broadcasting Authority at Crawley
Court, Winchester and the National Maritime Institute at
Hythe.

R. W. Praypon

SOUTHEND CENTRE

The past 12 months have seen the firm establishment of the
Centre and, as a result of our activities, there has been an
influx of new members to bring the total to 260.

Visits have been arranged to Capital Radio, the BBC
Television Studios, Telephone Cables Ltd., the Post Office
Research Centre at Martlesham, Vauxhall Motors, the Shire
Horse Centre, Kodak Ltd., and the Whitefriars Glassworks.

A full programme of visits has been planned for the coming
year and we have entered the Regional quiz. For the time
being, it has been decided not to organize any lectures as we
feel uncertain of the response, but hope, with the growing
interest being shown, to include lectures as part of a later
programme,

D. W. PaRsons

Forthcoming Conferences

Further details can be obtained from the conference depart-
ment of the organizing body.

Institution of Electronic and Radio Engineers, 99 Gower Street,
London WCIE 6AZ. Telephone: 01-388 3071

Video and Data Recording
24-27 July 1979

The University of Southampton
Land Mobile Radio

4-7 September 1979
The University of Lancaster

Institution of Mechanical Engineers, 1 Birdcage Walk, London
SWIH 9]J. Telephone: 01-839 1211

International Progress in Postal Mechanization

6-8 November 1979
The Institution of Mechanical Engineers, London

136

Institution of Electrical Engineers, Savoy Place, London
WC2R 0BL. Telephone: 01-240 1871

Submarine Telecommunications Systems

26-29 February 1980
The Institution of Electrical Engineers, London

Communications 80: Communications Equipment and
Systems

15-18 April 1980
National Exhibition Centre, Birmingham

Secretariat 1980 International Zurich Seminar, Miss D. Hugg,
Dept. ENF, BBC Brown, Boveri and Co. Ltd., CH-5401
Baden, Switzerland. Telephone: +41-56-299038.

International Zurich Seminar on Digital Communications
(Digital Transmission in Wireless Systems)

4-6 March 1980
Swiss Federal Institute of Technology
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Britain has what the world needs. The world
will see it — in Geneva this Septemberat
TELECOM 79,

For the first time ever, five major British
telecommunications companies have joined
forces with the British Post Office to demon-
strate that Britain still canlead.

Impressive proof of this will be System X
— Britain's all-electronic telephone exchange
system designed to serve world markets,

AtTELECOM 79 - where the Bnfish
System X will make its international debut -
the Post Office and five other companies —
GEC, Plessey, STC, Marconi, and Pye TMC -
are presenting a wide range of Bntish
telecommunication skills, including digital
transmission systems and Customer
products and services.

Moreproof ~if it's needed -
that Britain competes.

GENEVA 20-26 SEPTEMBER

The British Post Office

GEC Telecommunications Limited

The Plessey Company Limited

Standard Telephones and Cables Limited
Marconi Communication Systems Limited
Pye TMC Limited
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STC.We

help people
communicate.

nCome and see how.

Stand 471, Hall 4, British Pavilion

Standard Telephones and Cables Limited
A British Company of ITT



OPTICAL FIBERS FOR TRANSMISSION
by J.E. Midwinter,

Post Office Research Centre, Ipswich.

A broad and easily assimilated introduction to fibre
communications which requires an undergraduate-ievel
knowledge of mathematics. It reviews the necessary
mathematics, introducing electromagnetic theory and
dielectric waveguides, and presents underlying theories
of propagation in multimode step-index and graded index
fibres, emphasizing physical modes in practical situations.
Mode coupling, the performance of joint sections, and
mode and materials dispersion are covered with detailed
discussions of techniques for the preparation of optical
fibres, factors controlling their loss and bandwidth, and
techniques for measuring, jointing, and splicing. Also
examined are optical fibre cables, their design, materials
used intheir construction, and special strength properties.
The book ends with an examination of the optical receiver
and the special properties that it shows as a result of the
photon or shot noise associated with the optical signal,
followed by some simple modelling to see how fibres
interact and can be optimized within an optical fibre
system. (Series: Pure and Applied Optics)

May 1979 428 pages
0471 60240 X $32.95/£17.50

COMPUTER NETWORKS AND THEIR

PROTOCOLS

by D.W. Davies,

National Physical Laboratory, Teddington,

D.L.A. Barber,

Director, European Informatics Network,

W.L. Price and C.M. Solomonides,

National Physical Laboratory, Teddington.

This book will build on the worldwide success of
“Communication Networks for Computers” by D.W.
Davies and D.L.A. Barber, which has been translated into
Russian, Hungarian, Polish, Romanian, and Japanese.
The development of networks has put emphasis on formal
protocols and standard interfaces, which are fully
described in the new book. The different viewpoints of the
two books complement each other so that, together, they
form acomprehensivetreatment of a mostimportantarea
of information processing — where computers and
communications meet.

(Wiley Series in Computing, Editor: D.W. Barron,
University of Southampton)

In Press approx. 512 pages
0471 99750 1 approx. $39.50/£16.00

COMMUNICATION NETWORKS FOR
COMPUTERS
by D.W. Davies and D.L.A. Barber,
both of National Physical Laboratory, Teddington.
“It should, in fact, become a standard text in courses on
computer science and data communications."

POST OFFICE TELECOMMUNICATIONS JOURNAL
December 1973 594 pages
0471 19874 9 $45.55/£19.80

INTRODUCTION TO EXCHANGE
SYSTEMS

by T.H. Flowers,
formerly head of Switching Research British Post Office.
A book on public switched telecommunications networks
in general and telephone exchanges in particular, which
deals with the transition from existing types of electro
mechanical exchanges to the new electronic types. It
attempts to promote an understanding of the rationale of
current and future exchange design.
. ...aconstructive contribution to a difficult and complex
topic. and one which most switching engineers will read
with interest.”

K.W. Cattermole, ELECTRONICS AND POWER
October 1976 344 pages
047101865 1 $37.95/£16.50

John Wiley & Sons Limited

Baffins Lane - Chichester - Sussex

- England

Thepointof
setting standards
is that they have
to be maintained.

AMD: 30mm diameter —
- Moulded lnsulatlon 30°

Diadex: 40mm diameter —
Moulded insulation; 30° throw

2. Multidex: 50mm diameter —

. Moulded insulation; 10,12, 14,

\_16,18,20,24,28,32and 36
A equidistant positions

MHalf-inch: 20mm diameter —
5= Moulded insulation; 30° or 60°
throw, from 1 to b wafers 359563

FO‘Q

1§Mr 37mm x 29mm 505 63
envelope — 3 and 4 position \ B. \:00\

ADPC: 32mm square —
plugs directly lnto PG,

*

~ board; 30°, 60°
and 90°
B throw
* Approval pending

Oak: setting new standards

Need we say more, when our catalogue says it all?
Demand one, right away, from Diamond H. The
switch people

DIAMOND HCONTROLS LTD.

(A Subsidiary of Oak Industries Inc.)
Vulcan Road North, NORWICH NR6 6AH *
Telephone: (0603) 45291 Telex: 975163.
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'DELTIC:Right ontime

Deltic timers have a well-earned reputation for
accuracy and reliability and the company is
always striving to do just that bit better — taking
advantage of new technology and the latest
advances in electronics, plus building on its own
considerable experience in the world of timers
and timing.

The Deltic range offers over forty standard
timers and timing modules — with time periods
from milliseconds to hours. Operating on AC
and DC voltages. Solid-state units for direct
machine control or logic switching. Panel
mounting units to DIN standard, including total-
isers, digital and process timers.

If we can’t meet your timing requirements
straight off the shelf, then our technical and
advisory services are ready to look at your
particular timing problem — and come up with
the right answer.

DELTIC Automation Limited
. Tillys Lane. Staines, Middlesex . TW18 4ED

k Telephone: (0784157621 Telex:932122

@ VVacuum circuit breakers
up to15kV.

® Vacuum contactors
upto7-2kV.

SITCHG EAR = @ Air break circuitbreakers
FOR ;) 2and contactorsupto/-2kV.
4| INDUSTRY oS @ Low voltage air break

circuit breakers upto 660V.

. ® High speed DC circuit
breakers upto3000V.

Whipp &Bourne (I9/5)ltd

CASTLETON+*ROCHDALELANCS*ENGLAND
Tel: Rochdale 32051 (10lines)Telex:63442
Member of Babcock Industrial & Electrical Products Limited.

*{
g
.




14

THE MICROWAVE RADIO

FOR EVERY USE
Selected by British Post Office.

Frequency Agility Fixed Link or Portable Proven Operation

The TCM-6 is tunable across each Simplex, duplex and diversity Used worldwide from arctic to
band from 1.7 to 15.35 GHz. operation in tripod, tower or rack desert environments by major
Change bands by plug-in RF mount configuration. television and telecommunications
module replacement. administrations.

Full Performance

Color video with FM or digital
subcarrier channels, 1800 FDM
voice channrels, 34 Mb/s digital data
or wideband radar video.

* TerraCom has been awarded BPO contract 580634 DD/WT
for the supply of 22 TCM-600 tunable portable links for
operation in the 6.59-7.11 GHz and 11.7-12.5 GHz bands. The
TCM-6 links will be arranged for transmission of 625 line PAL
video with audio program subcarrier, 960 FDM telephony
channels, or 8 448 Mb/s digital data.

Loral Corporation
9020 Balboa Avenue San Diego, CA 92123 U.S.A
Phone: (714) 278-4100 TWX: TERRACOM SDG 910-335-1202



Finally, asingle source for all your
private network terminating requirements

That one source is Wescom, Inc.
We offer a totally integrated range of equip-
ment for terminating leased lines: signaling
termination, voice alternate data, speech plus,
echo suppressors, delay and amplitude equal-
ization, and more. Our equipment is compatible
with virtually every type of private terminal
equipment from single station telephone,
telegraph and data apparatus to PABX and
private switched networks.

Latest state of the art designs are compact
and easy to maintain. Space requirements are
reduced and training time is minimal. Our
equipment designs meet all established CCITT
guidelines. In addition, you benefit from total
product backup documentation, and appli-
cations engineering. To top it off, our equup-
ment is readily available and
competitively priced.

Reliable telecommunications equupment
from one source: Wescom.

=Wumt:om [U K.l Ltd., 1 Holtapur Lam, Wooburn G Bucks HP10,‘

Telephone: Bou .




If you need to transmit data at low cost
we can solve your problems.
Hard-wired or acoustically coupled
Minimodems and interface adaptors
starting at a down to earth price.
Our customers include ITT, [BM,
British P.O., European Space Agency
(to whom thanks for the picture above)
and the Baghdad State Organisation

of Electricity.
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If you want to talk to a computer talk to us first

Modular
Technology

P.0.BOX 117, WATFORD, HERTFORDSHIRE, WD14PD, £
Telephone: 01-421 0626  Telex 923914 Robots G
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TELEX NETWORKS

Databit Time Division Multiplexers and Concentrators
THE STANDARD OF THE WORLD!

For more details contact —
DATABIT Ltd. DATABIT Inc.
30 Lyveden Road = Brackmills Industrial Estate 50 Davids Drive  Hauppauge, New York 11787 « U.S.A.
Northampton NN4 OED « Great Britain Telex 14-4643 = Telephone (516) 231-5005

Telex 312 123 « Telephone (0604) 65231

Databit
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