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JURG GUSTAV OEHLER, Dipl. Ing. E.T.H., S.L.A,, F1R.S.E.

Jurg Gustav Oehler was born in Zurich in 1935, and received
his education at the Federal Institute of Technology (ETH) in
Zurich and was awarded his Diploma in Electrical Engineering in
1959. After a period as an Assistant Engineer with the Min-
neapoli's Honeywell Corporation, Datamatic Division in Newton,
Mass., he joined the Integra Company in Wallisellen, Zurich in
1962 as a Project Engineer. In 1971 he was appointed Director
and Member of the Board and became President of the Company
in 1978. Jurg Oehler's management fraining was essentially
gained in the Swiss Army where as is the custom in Switzerland
he is still active in the rank of Colonel on the General Staff.

He joined the Institution in 1969 and was elected to the Council
in 1979.
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Institution Announcements

(The prices and subscription rates and other
information given in these announcements are
current at the date of publication - December 1989)

CHANGE OF ADDRESS

Considerable inconvenience Is
created by members failing to notify
changes of address. Will members
please inform the General Secretary
immediately of any such alteration
and so ensure prompt delivery to
themselves of notices, etc.

THORROWGOOD SCHOLARSHIP

The Institution’s Thorrowgood
Scholarship is awarded annually,
normally to the Student Member
considered by the Council to have
attained that highest commendation
in the Institution’s Examination, the
Award being regarded as a prize for
his achievment. The Award takes the
form of assistance in the study of
signalling installations either in the
United Kingdom or abroad, under the
sponsorship of the Institution.

TRANSFER TO HIGHER CLASS
OF MEMBERSHIP

Members sometimes remain in one
ciass of membership when their pro-
fessional standing has become such
as to entitle them to transfer to a
higher one. The Council invites any
such person to make application for
transfer, for which purpose a form can
be obtained from the General Sec-
retary, and so take a position in the
Institution consonant with his attain-
ments and responsibilities.

TECHNICAL PAPERS

The Council invites members of all
classes to submit papers for presen-
tation at technical meetings in London
or at Provincial meetings in the
United Kingdom.

Papers should consist of between
four thousand and six thousand words
and while no limit is placed on the
number of illustrations an author uses

during his reading of his paper, the
number printed as a part of the
advance copy and published in the
Journal of Proceedings must not
exceed twelve.

The General Secretary will be
pleased to provide full particulars
upon application.

ADVANCE COPIES OF
TECHNICAL PAPERS

Advance copies of papers will be
available from 7 tc 10 days before
a meeting by application, including a
stamped addressed foolscap enve-
lope, to the General Secretary. Alter-
natively, members can register for
the dispatch to them of each Advance
Copy as it is issued. The fee for
registration is £3.50 paid preferably
with the Annual Subscription and will
ensure the supply of Advance Copies
for the calendar year, January to
December.

SUBSCRIPTIONS AND
REMITTANCES

The annual subscription rates are:
Fellows, £27.00; Associates, £27.00;
Members, £19.00: Technician Engin-
eers, £15.00; Graduates, £14.00; Stu-
dents (25 and over), £14.00; Students
{under 25}, £9.00; Technicians, £9.00.

Members are reminded that in
accordance with the Articles of Asso-
ciation subscriptions are payable on
election or on January 1st each year
and should in any case be paid before
June 30th. The Treasurer is obliged
to send out notices of arrear to mem-
bers who have not paid by that date.

The payment of subscriptions is
facilitated by the use of a Banker's
Order. The Treasurer will be pleased
to supply forms for this purpose upon



application. The use of these orders
is of considerable assistance in eas-
ing the workload of the Treasurer.

All monies should be sent to the
Treasurer, 16 Milebush, Leighton
Buzzard, Beds. LU7 7UB.

Monies sent to the General Sec-
retary will be dealt with, but it is
possible that acknowledgements may
be delayed in consequence,

All cheques and money orders,
especially those from overseas, should
be crossed, as the Post Office staff
have instructions not to divulge the
name of the remiiter of the money
order unless this is done. Transmis-
sion of the sender’'s receipt is in these
circumstances rendered difficult if not
impossible.

The attention of members is direc-
ted to the clauses in the Articles of
Association under which neither
notices nor copies of Proceedings
may be sent to those who are in
arrears with their subscriptions be-
yond a certain time.

Income Tax—the annual subscrip-
tion to the Institution of Railway Signal
Engineers is treated as an allowable
expense under Section 16 Finance Act
1958 and should be included in your
Tax Return in the section headed
“Expenses in Employment — Fees or
subscriptions to professional bodies”.

Members of the Institution who
have retired from business by reason
of age or ill-health, and who have
paid at least ten consecutive years
annual subscriptions, may retain their
membership of the Institution at half
the rate of annual subscription appli-
cable to their class of membership.

LIBRARY

The Institution Library is incorpor-
ated with the Library of the |nstitution
of Electrical Engineers, by kindness
of the Council of the latter body. It is
situated at the Institution of Electrical
Engineers building at Savoy Place,
Victoria Embankment, W.C.2. Mem-
bers of the Institution of Railway
Signal Engineers have been granted
the same privileges with respect to it
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as those enjoyed by members of the
Institution of Electrical Engineers, and
the entire collection is open to them
on egual terms.

The Reference Library, which con-
tains a Reading Room in which a
great number of technical periodicals
are always available, as well as a
large general collection, is open as
follows:

Monday to Friday, 9.30 a.m. to
5.30 p.m.; Tuesdays and Thursdays
{from 1st October to 31st May),
9.30 a.m. to 7.30 p.m.

Any member of the Institution of
Railway Signal Engineers entering the
Library must sign his name in the
book provided for that purpose.

The use of the Lending Library,
which is open during the same hours
as the Reference Library and which
contains the principal works relating
to electrical engineering, its applica-
tions, and allied subjects including, of
course, railway signalling, is governed
by the following rules, which must be
strictly adhered to:

When applying for a book by post
a member of the Institution of Railway
Signal Engineers must state his class
of membership. All communications
should be addressed to the Secretary,
Institution of Electrical Engineers, at
the address already given.

Anyone desirous of making a pre-
sentation to the collection should
forward it to the same address,
when its receipt will be suitably
acknowledged.

INSTITUTION TIE

An Institution tie bearing a single
motif of the Institution crest in silver
on green, wine or havy backgrounds
is available from the General Sec-
retary, price £3.50.

TEXT BOOK

A Railway Signalling Text Book is
available from the General Secretary,
price £15.00, inclusive of postage.

This book is a well-produced vol-
ume of 312 pages covering most
aspects of British Railways signalling
practice.
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TECHNICAL BOOKLETS

Of the technical booklets published
some years ago, the following are
still available at reduced prices. De-
tails may be obtained from the Gen-
eral Secretary:-

No. 3 — Mechanical and Electrical Inter-
locking (£1.90).

No. 6 — Signalling Relays (£2.15).

No. 7—Typical Signal Control Circuits
1.70).

No. 10— Mechanical Signalling (1.55}.

No. 18 —Principles of Relay Interlocking
and Control Panels [1.95).

No. 27— Signalling the Layout [2.15).

No. 28 — Route Control Systems (L.T. Prac-
tice)  (2.15).

No. 29 — Solid State interlocking (2.50).

|.E.E. PERIODICALS
AT REDUCED RATES

Arrangements have been made with
the Institution of Electrical Engineers
for the supply of periodicals to mem-
bers of the I.R.S.E. at reduced sub-
scription rates. Details can be obtain-
ed from the General Secretary.

TECHNICAL BRIEF
A technical brief on Remote Control
Systems (L.T. Practice)- 1981 is avail-
able from the General Secretary, price
£4.00.

SIGNAL AND TELEGRAPH TECHNICAL SOCIETIES

The following S. & T. Technical Societies are affilliated to the Institution:—

Birmingham—
Hon. Sec.: P. H. Dibden,
Area Signal and Telecomm. Engin-
ger’s Dept., British Railways,
Quayside Tower, Birmingham.

Carlisle—
Hon. Sec.: J. Coulthard,
c/o Area Engineer (Signalling),
St. Nicholas Bridges, Carlisle.

London Underground—
Hon. Sec.: J. L. C. Kelland,
10A Wood Lane,

London W12 7DT.

Manchester—
Hon. Sec.: J. Eccles,
Room 114, Station Buildings,
Victoria Station,
MANCHESTER.

Reading—
Hon. Sec.: P. J. Fortey,
Regional S. & T. Engineer’s Office,
B.R. W.R., CP12
Western Tower,
Reading.

Southern Region—
Hon. Sec.: L. H. Heard,
Regional S. & T. Engineer’s Office,
British Railways (S.R.}, Southern
House, Wellesley Grove, Croydon.

Leicester—
Hon. Sec.: D. C. Muddimer,
B.R. L.M. Region,
c/o Area Engineer (Signalling),
Fox Street,
Leicester.



THORROWGOOD SCHOLARSHIP

The Scholarship, awarded annually to a student member
excelling in the Institution’s Examination, assists the holder to
uhdertake a study of Railway Signalling usually in a foreign
administration.

The Scholarship was originally funded entirely from the Thor-
rowgood Bequest Fund, but the ravages of inflation devalued the
interest from the fund, and any award to be of significant assist-
ance requires to be subsidised by [nstitution funds.

However, an IRSE Scholarship Fund made up of members’
donations and some of the profit from the 1984 International Con-
ference now supplements the Bequest Fund. The interest from
these combined funds maintains the capital in real terms and still
enables the award to be in the region of £500.

Attention Student Members. There is considerable personal
satisfaction to be gained from passing the Institution's Exam-
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ination and even more from winning £500!

THORROWGOOD SCHOLARSHIP TOUR TO NORTH AMERICA

by M. J. Spencer

The objective of my tour was to see some-
thing of North American methods of employ-
ing microprocessor-based technologies in sig-
nalling systems. The sixteen day itinerary
that was assembled for me was well balanced,
enabling me to look at hoth present day tech-
niques employed by railroad operators, and
future products under development by signal-
ling equipment manufacturers.

On arrival at Philadelphia, | was met by
Mr. H. Gudenrath (US&S), who had arranged
for me to ride the “head-end” of an AMTRAK
express on the North-East corridor to Balti-
more. Of interest here was the way the
alternating current track circuits were “cod-
ed”, to provide cab signalling aspects. We
returned to Philadelphia by road, to look at
some wayside installations.

At Pittsburgh, Mr. E. Callender ({US&S)
was able to show me around his company's

head office, before the commencement of
the Association of American Railroads Com-
munication and Signal Division Annual Meet-
ing. As well as being a three-day conference,
this meeting also incorporated a trade ex-
hibition attended by some fifty manufacturers,
displaying goods worth a total of §3 million.
Microprocessors were in evidence in many of
the products on show. The meeting included
reports from various AAR committee chair-
men, as well as papers on technical matters.

| was able to visit the premises of GRS
at Rochester, New York, where | enjoyed
some discussions with design engineers em-
ployed on the development of "VPI" and
“Spacerail”. "VPI" is the GRS single proces-
sor based interlocking system, and "Space-
rail” is a system of signal control by radio.
“Spacerail” would be suitable as an ATCS
level 30 system.



12 THORROWGQOD SCHOLARSHIP TOUR TO NORTH AMERICA

Mr. D. Walkington (Canadian Pacific), who
had played a large part in the organisation of
my tour, met me in Montreal. As well as
demonstrating some rather older signalling
equipment (in Canada’s National Railway
Museum], he was abhle to arrange a meeting
with Mr. P. Detmold, one of the co-ordinators
at the ATGCS project.

The final leg of my tour Included a second
“head-end’ ride, on a VIA express to Toronto.
It was interesting to note that on this train,
there was no in-cab signalling equipment at
all (save the radio), but there were two

drivers, for increased vigilance. In Toronto,
| was able to spend some time with signal
engineers from Canadian National and Can-
adian Pacific Railways, and to visit "old and
new” installations on the Toronto Transit
Commission.

It was interesting to compare and contrast
the American technigues | saw, with the
British practice - some items wsere similar,
some different. Of these differences, some
but not all could be explained by the dis-
similar nature of vrailroad operations in
America.
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Presidential Address

of

J. G. OEHLER

it is a great moment tor me to stand here,
for the first time as President of this Institution
under the stern eyes of Volta, Ohm, Faraday
and Ampéare who have looked down like this
on many Presidents as they nervously face
the assembled experts!

Am 1 - your elected President - an expert?
A railway signa! engineer? | doubt it, for my
real activity is management. | am responsible
for a company in Switzerland, which develops,
manufactures and partly assembles on site
railway signalling installations for Swiss Fed-
eral and private railways. In my early years as
an engineer, 1, too, was active in the develop-
ment and engineering of signalling instal-
lations.

Today, however, my principal endeavour is
to bring the long term business objectives
into line with the ever changing economic
and technical environment. IF the company is
making profif, THEN the shareholders are
happy - this is my BASIC knowledge!

With this in mind, | have not chosen a tech-
nical subject for my address tonight - others
will do this much more accurately. | would
like to convey to you some thoughts on the
present objectives of our Institution and the
consequential measures to be taken for the
future. For this purpose | have searched in
the Memorandum of Association for the aims
of our Institution, which are defined as
follows:-

First, let me quote article 3 of the Memor-
andum:

“The objects for which the Association is
established are:
The advancement of the science and
practice of signalling by
- discussion
- enquiry
- research
- experiment
and other means; the diffusion of know-
ledge regarding signalling by means of
- lectures
- publications
-the exchange of
otherwise;
the expression “sigpalling” in this Mem-
orandum of Association is employed in
its most comprehensive sense as inc-
luding
- the whole of the apparatus (electrical,
mechanical and otherwise)
- methods
- regulations
-and principles
whereby the movement of
other traffic is controlled.”

information and

railway or

These aims are to be interpreted and for-
mulated as a basis for the activities of com-
mittees, the Council and its President. They
are open to broad definition. Qur present
activities fit perfectly within this framework. At
first sight, we just have to continue as in the
past, but we must take into account the fact



14 PRESIDENTIAL ADDRESS

that organisations like ours are slow-moving
and require considerable foresight if we are
to properly manage the future of our industry.
Looking to this future, | see some problems,
three of which merit special comment:
The first problem:
-The professional profile of the signal
engineer is changing rapidly. Who will in
future be entitled to become a member of
our Institution? | shall call this part, “Man-
agement of the Profession”.
The second problem:
- Due to the use of modern technologies in
the signalling field, costs for research and
development will increase to such an extent
that close co-operation between contractors
and railway administrators will be essential.
How can our Institution support this co-op-
eration? “Management of the Objectives”
will be the title of this issue.
The third problem:
- The strain on the staffi members of railway
administrations and industry is constantly
increasing. It is getting more and more
difficult to find members who, in addition
to their increasing professional load, wish
and are able to take over voluntary tasks
within the Council and Committees of our
Institution. How will it be possible in the
future to carry out these increasingly de-
manding tasks, let alone pay for them?
This part will be elaborated under the
heading “Management of the Resources”.

Let's start by leoking at the first issue, the

Management of the Profession

Most railway administrations have put the
two disciplines “'Signalling’” and *“'Telecom-
munication” together in one department. | say
"most’, because Switzerland, for instance,
has not, or not yet done so. The early de-
cision to combine these two disciplines was
singularly far-sighted and not as logical then
as it may seem today, for it is only the trans-
mission medium which is common. As far as
equipment is concerned, analogue technology
was used for voice-transmission. Digital tech-
nology was used for data transmission. Tak-
ing into account the limited confidence that
the signal engineer had in the spoken word
it is encouraging that he accepted “telecom-
munication' at such an early stage.

Today, as we all know, information process-
ing is becoming omnipresent in railway sig-
nalling. The profession of the signal engineer

is no longer aimed solely at safeguarding rail-
way traffic; optimal efficiency of railway oper-
ation is his main objective. Even the Memor-
andum of Association defines the word ‘“sig-
nalling” in a very broad sense, namely: “the
whole of the apparatus, methods, regulations
and principles whereby the movement of rail-
ways or other traffic is controlled”. Today we
would rather call this a System. This system
consists of components like;

- data acquisition

- data transmission

- data processing

- process control
and differs only slightly from other information
systems. There is, however, the requirement
that part of the system must be fail-safe. |
emphasise the word “part” to remind you that
the pure information processing compenent
is becoming more and more important.

Based on a wider definition of the word
"“signalling” it should be possible to describe
more accurately the word “profession’. The
definition according to the Articles of Assoc-
iation reads: “The PROFESSION means the
profession of signalling as defined in the
Memorandum of Association and including all
branches of Railway Signalling and Telecom-
munication work.”

| consider this interpretaticn to be insuf-
ficient. The modern signal engineer must also
have specific knowledge in the application of
computer technology to fail-safe process con-
trol systems for the efficient operation of rail-
ways. This definition embraces a variety of
professions, such as:

- the mechanical engineer:

(one of the most famous pictures of
Conventions is the group of members
standing around an open point ma-
chine!}

- the electrical enginser:

(track circuits will go on being a sub-
ject for discussion as long as we have
railways!)

-the oplical engineer:

{even if some railway systems do work
without lineside signals nowadays, the
problem of visual signal transmission to
the driver will still remain)

- the telecommunication engineer

-the computer engineer, which includes:

the hardware engineer; the software engin-

eer; the systems engineer
and finally
- the economist.
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It may surprise you that | include this non-
technical profession in the definition of the
signal engineer. But we must be aware that
the limits of technology are increasingly deter-
mined by economic considerations rather than
by technology itself. The respansible and suc-
cessful . signal engineer must constantly
answer the question: “Will my technical solu-
tion be sconomical at the time of its realiz-
ation in 1, 3 or 5 years?” - | shall revert to
this problem later.

This wider profile of the signal engineer
proves that he is not bern as such! He
becomes a signal engineer through continued
training and advanced education. The IRSE
has always made a significant contribution to
this education and will go cn doing so. We
must, however, consider the fact that the
future signal engineer could be recruiied from
a multitude of professions. If the IRSE wishes
in future to achieve its avowed aims it must
follow a less restrictive trend in its admission
policy. Maybe the definition in the Articles of
Association has to be altered, replacing the
word “Telecommunication” by “Information
processing’. If we acknowledge this principle,
we must also accept the possibility that due
to the wider definition of the Profession, the
character of our Institution may change. It is
up to. all of us to contro! this change so as to
bring positive advantage to our industry and
the [IRSE.

1 now proceed to the part

Management of the Objectives

| begin with a rather provocative question:
"How much signalling does a railway need?”
“Too much” would normally be the answer
of the General Manager of a railway admin-
istration who must justify his deficit account.
“More” will probably be the comment of the
politician who has to take official respons-
ibility for the victims of a railway accident.

As long as signalling installations were
only used for the prevention of casualties, it
was practically impossible to establish a
profitability study.

It has been proved, at least in Switzerland
-and it probably will not be different in other
countries - that every major railway accident
resulted in financial resources being made
more readily available for safety purposes.
Surprisingly encugh, this is still the case at
the present time, despite the fact that the
advantage of modern interlocking systems lies

mainly in an improved efficiency and less in
the safety aspects of railway operation. Can
this advantage be substantiated economically?
I would say, only to a limited exient, because
as long as the control centres include the
very costly elements of safety, such a calcu-
lation would be inaccurate.

Whilst, normally, the creativity, imagination
and perfectionism of the engineer encounters
limits set by economic considerations for his
non-signalling product, the railway signal en-
gineer might be tempted to misinterpret his
responsibility by setting an excessive quality
and safety standard on his product, regard-
less of the cost, and nobody can or would
wish to give him proof that a lower standard
may be good enough.

A signal engineer feels bound to ensure
safety. His task is to protect human life. We
must, however, accept the fact that despite
this noble aim, a level of absolute safety can-
not be reached. Even if the means at cur dis-
posal allow us to go ever further along the
asymptotic way to absolute safety, we arrive
at limits set by economic considerations.

There are other limits which are to be con-
sidered; the safety factor in a system can be
in conflict with the reliability factor. In the
case of a system failure, for instance, we are
prepared to take the risk of running the rail-
way operation at a lower safety level during
the repair period of the system. Therefore,
reliability is a major factor in the safety of rail-
way operation. But the meantime between
failures decreases by increasing safety.

It would exceed the scope of my lecture to
enter into the detailed relationship between
safety and reliability which is a very complex
ane. It is however, essential to acknowledge
that there are conflicting aims between the
factors;

safety — reliability — economy

which are insurmountable, and therefore rep-
resent a problem of optimization. It would be
fine, though perhaps somewhat boring for our
profession, if this problem of optimization
could be solved by a mathematical model.
This “will, however, not be possible; the vari-
ables of this model are so intricate and their
evaluation so controversial that this -optimiz-
ation process could become a never ending
definition process.

This leads us 10 another fact which we
have to acceplt: Although all railway adminis-
trations have the same target, which is to
transport passengers and goeds in the most
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rapid, safe and economic way from one place
to another, the individual requirements are
not the same. For example, it is quite impos-
sible to treat the Southern Region in England,
the TGV line in France or the Gotthard Line
in Switzerland all alike.

The optimization process by each company
will produce different resulis. Ditferent solu-
tions which are ail well founded tend to lead
to discussions of a near-philosophical nature.
We may all remember this from the relay era,
when endless arguments for and against the
silver-silver contact or the silver-carbon-con-
tact were exchanged. Another example is the
problem which Switzerland is presently facing
with ATC. The three neighbouring count-
ries, Italy, France and Germany each have a
different ATC system. Switzerland is about to
introduce a fourth-one, which makes it difficuft
for international through ftraffic to reach our
cities in the centre of Switzerland. There are
good reasons for Swiss Federal Railways to
introduce a different system and there are
technical means to overcome the problems.
For example, some TGV's will be equipped
with our ATC receivers. The question is
whether this individualism with adaptations is
an economically, technically and operationally
reasonable solution for the future.

Well, it is not up to me to answer this
question; however, | foresee another econ-
omical problem which will face us: We all
know, and no signal engineer with foresight
would doubt it, that the computer is now
accepted as fail-safe technology and will take
over the functions of our beloved fail-safe
relays!

In various countries, railway administrations
and industry have made great efforts to de-
velop solid state interlocking systems. Eng-
land, Sweden and Germany already have such
systems in operation, under construction or
in the testing stage. All concerned agree that
the costs for the development of these very
complex systems, which all basically differ
from each other in their technical concept,
are encrmous. it seems that the hardware
cost of the computer interlocking system will
be lower than for conventional interlocking.
However, we have no figures available yet as
to the overall life time costs of these new
systems. Without wanting to anticipate the
result of such calculations vet to come, | wish
to put the following question to you:

Is it reasonable that each European country
chooses its own solution, regardless of the

tremendous costs upon the railways and in
many cases, the taxpayer?

Please, do not misunderstand me. | am not
suggesting abolishing competition. Compet-
ition is the basic condition for a free market.
{Quite apart from the fact that it makes our
professicnal life interesting and keeps us
busy}.

However, | do believe that despite our
national variety and interests, it should be
possible for European industries and railway
administrations to co-operate in a way that
the national interests and independence are
safeguarded, but that the development could
be shared and kept on a lower, more econ-
omical level.

This is another optimization problem for
which there is no simple mathematical solu-
tion available. In both cases, the problem of
the conflicting aims between safety, reliability
and economy and the one just mentioned, we
have to find the optimal solution by proceed-
ing empirically, that means by:

doing — analysing — improving
It is a difficult task which can however be
facilitated and accelerated by communicating

with each other, by discussion and by getting
to know the probiems of others.

it canncot be the IRSE's business to initiate
European co-operation. It is up to the initiative
and willingness of us engineers and managers
from the railways and contractors, to define
the common interests and objectives and to
propose solutions for a reasonable co-oper-
ation.

The IRSE is however perfectly suited to be
the forum for such contacts and discussions.
This task is indeed in line with the aims of the
Memorandum of Association and, | would say
we are not doing too badly, as the organis-
ation of the 1984 Internaticnal Conference
has shown. The trend to internationalize our
Institution, the trend %o relax our admission
policy and our endeavour to organize a high
standard of technical meetings and visits in
the UK and elsewhere must bhe furthered
and intensified.

Here too, it is in our hands and to the com-
mon good that we actively participate in ex-
panding the scope of our tasks within the
framework of our objectives.

Whether it really is in our hands to do so
and who would or should act, is ancther
question which leads me to the third part of
my lecture:
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Management of the Resources

in this part | mention a problem which has
already been brought up several times at our
general meetings, the last time by David
Norton. As | consider it vital to find a solution,
| want to mention it once more.

Qur Institution has at present rather more
than 2000 members. This is a very modest
number if we compare it with the 82,000
members of the institution of Electrical Engin-
eers. We do not have a big building with a
maghnificent lecture hall like this, in which we
are but grateful guests, nor do we have a per-
manent office. All the work which is reguired
for the administration of our Institution and
for the organization of our events is done
voluntarily by members alongside their regular
job. We are dependent on the tolerant attitude
of British managers who allow their staff mem-
bers to use part of their time to do work for
the Institution.

On the other hand, we should be proud of
the high percentage of members who attend
lectures, conventions and social functions.
We may say that we have only active and no
passive members, which proves that the motiv-
ation of our members is high. The great num-
ber of overseas members further indicates the
importance of our Institution outside Great
Britain. The expectation of our cverseas mem-
bers grows as they recognize that cur organ-
isation has become an important forum for
contacts beyond national and economic bor-
ders and they wish this growth t¢ continue.

The organisation and administration of an
international conference like the one we had
in 1984 requires an enormous expenditure of
effort. Its success has proved, however, that
such events are highly appreciated and should
be continued. As mentioned before, all this
work is done by members of British Rail or
of British contractors on a voluntary basis.

I am all in favour of this type of voluntary
system as it guarantees a rational procedure,
there are no overhead costs and no unneces-
sary administrative efforts. However, if the
range of our tasks and services needs to be
extended in the projected sense, and if our
activities, particularly on an international level,
should be intensified, we must ask ourselves
whether this workload can still be carried on
the same basis, with the same means as up
to the present.

Already certain weaknesses are perceplible.
We are all aware of the very slow distribution

of the Proceedings in the past years, some-
times with delays of one or more years. This
is a most regrettable state, because, in our
fast-moving industry, technical discussions,
questions and answers are only of interest if
the record is made available in good time.

| know and can assure you that those res-
ponsible for editing and distribution of the
praceedings do their utmost to improve the
situation and that the delay is in fact due to
reasons beyond their control. We are hopeiul
that in the course of this and next year we
can make up for lost time.

My cpinion is that we have to review critic-
ally the question as to whether and how the
workload on the home members can be
reduced.

Such considerations of course automatic-
ally lead fo the question of financing. We are
not a wealthy organisation and have no in-
tention of becoming one. Qur membership
fees must be kept as low as possible in order
to allow any interested candidate to apply for
membership. It should be possible, however,
to finance our improved services by means
outside the regular contributions. Those who
actually need and use these services certainly
ought to be prepared to pay for them. This
seems lo me another problem which has to
be soclved in the near future if we want to
keep up the standard to which we have
become accustomed.

Before | come to the end of my address,
I would like to comment on our

Programme 1986/87

The Summer Convention will take place in
Vienna from the 20th to the 23rd May. Thanks
to the support of the Qesterreichische Bun-
desbahnen, the Wiener Stadiwerke, ITT Aus-
tria and Siemens Austria, as well as the
Elektrotachnische and Maschinebautechnische
Institute of the Arsenal in Vienna, we will
have the opportunity to see a variety of most
interesting installations.

The season of technical meetings in Lon-
don will start on October 14th with papers
and discussions about modern technologies
in Germany and USA.

On 10th November, a paper on ‘Video and
Display operating units” will be presented by
ITT Ausiria.

A technical visit to France on 21st and 22nd
November will show us the remote contro!
centre in Tours.
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In December, Swiss Federal Railways will
present a paper on “'New Systems for speed
signalling and ATC”.

Westinghouse will present a paper “Con-
tinuous automatic train control with mini-com-
puters” in January 1987.

In February, we can expect from GEC a
presentation on “The application of Solid
State Signalling Systems'.

At the last technical meeting on 9th March,
a paper on the "“Yoker Integrated Electronic
Control Centre" will be presented by ScotRail.

The season will be terminated by the
Annual General Meeting on 15th April, 1987.

Many decades ago, you decided to admit
overseas members, primarily thinking of rail-
way signal engineers of Commonwealth count-
ries. After the Second World War, the Instit-
ution gradually accepted alsc, members of
other countries, mainly European, and of the
United States. Finally, a few years ago, over-
seas members were admitted fo the Council
and even to Presidency.

The Institution of Railway Signal Engineers
has hecome a British based international
organisation. With the home members’ open
minded and future oriented policy, the Instit-
ution has gained vital importance in the pro-
fessional life of a signal engineer in large
areas of the world. Behind this development
stands a lot of work, and by accepting an

overseas President you increased your burden
once more as he needs all the support he
can get from the British members in order to
perform his duties successfully. |In this con-
text, | would particularly mention our Hon-
orary Secretary, Ray Weedon who helps me
enormously, with his advice, his readiness to
supply me prompily with information, and
with his patience in answering all my ques-
tions.

There is also a friend of mine 1 want to
mention. He has been, and still is, my tutor
since | came to London as a member of the
Coungil. He tells me how to behave in British
soclety, and believe me, | still have to learn
quite a lot. | thank you, Jim Waller, also for
helping me to improve the English of this
Presidential Address.

Finally, | must say that without the tremen-
dous support of the Council, the committees
and the many friends | have had the good
fortune to make, it wouldn’'t have been pos-
sible for me to take over the duty of a Pres-
ident.

Let me close my address by saying that 1
am happy to live in a time of fascinating tech-
nical evolution in the signalling world; 1 am
proud to be the President of this Institution,
and 1 am glad to have the opportunity to
thank you all for the support you have given
me and, so | trust, will go on giving me dur-
ing my Presidential year!
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TWENTY-SECOND ANNUAL MEMBERS’ DINNER

The Institution’s Members Dinner held on
21ist April, 1986 at the |.E.E. Refectory, Savoy
Place, London was attended by 1683 members
and guests.

The dinner was preceded by a reception for
members in the LE.E. bar and the President’s
reception was held in the Refectory bar.

A five course dinner was served with
Braised Sirloin Steak in Red Wine as the
main course.

The principle guest was Mr. Hans Eisenring,
General Manager, $.B.B. Technical Department.

Other guests included:- Sir Robert Reid,
C.B.E., Chairman, British Railways Board; G. H.
Halter, O.B.E., Chairman, Railway Division of
the Institute of Mechanical Engineers; Mr. E.
J. Harris, Managing Director, Westinghouse
Signals Ltd.; Mr. M. L. Boden, Managing
Director, GEC Signals Ltd.; Mr. F. Rayers,
Director of ML Engineering, Plymouth Lid.
and Mr. W. H. Whitehouse, B.Sc., Director
of S. & T. Engineering, British Railways.

TECHNICAL VISIT TO THE EAST ANGLIA LINE

The rural railway from Ipswich to Lowestoft
in East Suffolk was the venue for 138 mem-
bers attending the winter Technical Visit on
Saturday, 21st February, 1987, a cold but fine
day. After splitting into small groups at
Ipswich, members left by train or road
vehicle to several locations in Woodbridge
and Saxmundham where staff from BR Eastern
Region and GEC-General Signal Ltd. explained
the methods of working this basic rallway
along with the technical detail of the Radio
Electronic Block (RETB}, Solid State Inter-
locking, the radio system, Automatic Open
Level Crossings (AOGL) and the train worked
hydro-pneumatic points.

A short visit was also possible for each
group to the control centre at Saxmundham.

Lunch was taken at the Brudenell Hotel
in Aldeburgh where the President thanked
those responsible for making the visit pos-
sible and expressed his pleasure with the
way the organisation had coped with the
programme of events.

The Institution is extremely grateful to the
General Manager, BR Eastern Region for
allowing the visit, the Area Manager, Norwich
whose staff throughout the visit performed
admirably, and to the Regional Signal and
Telecomms Engineer, York for his support.

Special thanks to GEC-General Signal Ltd.
for their financial assistance both with tech
nical displays and facilities, also their gen-
erous support towards lunch.

ANNUAL DINNER AND DANCE

The Annual Dinner and Dance was held on
Friday, 24th Qctober, for the second time in
the Metropole Hotel, Edgware Road, London.

The principal guests on the occasion was
the Swiss Ambassador to the United Kingdom
Mr. F. C. Pictet and Mrs. Pictet.

The President, J. Oehler and Mrs. Oehler
were supported by the Vice-Presidents, Mr. C.
Hale and Mr. T. S. Howard and their ladies.

The President and Madam President re-
ceived members and guests, individually as
announced by the Toastmaster, at the recep-
tion prior to dinner.

The reception, in the London Room of the
Hotel, was by courtesy of Clough Smith [(Civil
Engineers) of Crawley, Sussex.

The dinner was in the Westminster Suite
of the Hotel and prior to the President saying

grace, he and the Senior Vice-President
presented houquets to Mrs. Pictet and Madam
President respectively.

The President and the Ambassador gave
after dinner speeches and then the President
and his lady led the members and guests
onto the dance floor for the Vienese Waltz,
the first dance of the evening.

The music for the evening was provided by
the Michael Sparks Quartet, who have pro-
vided their services for many years and like-
wise the Toastmaster, Mr. Harry Somerville.

The number of members and guests who
attended was 123, which was a little below
last years attendance.

The event was a social success with all
those attending having an enjoyable evening.
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OVERSEAS TECHNICAL VISIT TO PARIS

On Friday, 21st November, a party of 74
members from eight countries, led by the
President, met in Paris to hear a technical
paper, “The New S.N.C.F. Electronic Inter-
locking at Tours” presented by Messrs. R.
Retiveau ([S.N.C.F.) and J. Pore (Jeumont
Schneider). Mr. Retiveau described the sys-
tem in general terms whilst Mr. Pore dealt
with technical detail.

Both authors replied to several questions
from the members before the meeting was
concluded.

The following morning Members met at
Gare d’Austerlitz for an early start and a
journey to Tours, some 235 km South West
of Paris.

After splitting into groups Members were
shown the hardware of the system, the con-
trol centre and other items of interest, mainly
telecommunications orientated.

Also included was a coach trip to view the
earthworks for the new TGV Alantique line
which will pass close to Tours.

The visit concluded with lunch and fare-
wells from the President, Mr. Roumegiere
(S.N.C.F.) and Mr. Catrain (Jeumont Sch-
neider).

The Institution is extremely grateful to
S.N.C.F., Jeumont Schneider, Alsthom,
C.S.E.E. and Silec for their help and financial
assistance with the successful and happy
meeting.

SUMMER CONVENTION

The Summer Convention was held in
Austria, based on Vienna from 20th to 23rd
May inclusive and was made possible with
the generous assistance and support of ITT
Austria Gesellschaft mbH and Siemens Atkien-
gessellschaft Osterreich. The generous sup-
port of Integra (Zurich) Ltd., Clough Smith
Ltd., GEC-General Signal Ltd., ML Engineering
(Plymouth) Ltd. and Waestinghouse Signals
Ltd. is also acknowledged.

131 members, 57 of whom were from over-
seas, and 86 ladies representing 13 natlons

participated in the Convention. A full and
interesting technical programme, including
visits to U-Bahn and S-Bahn installations,
together with trips to a marshalling yard and
research laboratories, were supplemented by
a number of enjoyable social events, the
highlight of which was a visit by members
and ladies to Mariazell.

The Institution is indebted to the Austrian
State Railways and the Vienna Arsenal for
allowing thelr operations to he viewed.
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Technical Meeting of the Institution

held at

The Institution of Electrical Engineers

Tuesday, 14th October, 1986

The President (Mr. J. G. Oehler] in the Chair

The Minutes of the Technical Meeting held in London on 3rd March, 1986, were taken
as read and signed by the President as a correct record.

The President then introduced two papers. The first by Mr. K. H. Wobig (Siemens
Braunschweig, West Germany} entitled “Modern Technologies in Fail-Safe Systems" and
the second by Mr. C. G. Shook (G.R.S. Rochester, USA)} entitled “Microprocessors in

Fail-Safe Systems”.

Paper 1:

Modern Technologies
in Fail-Safe Systems
By Mr. K. H. Wobig*

INTRODUCTION

From the very beginning, it was clear that
raiiway signalling equipment should possess
two important features:

— it must fully and reliably perform the

assigned tasks, and;

— it must react in a specific way in the

event of failures, assuming the status of
a “‘right-side failure™.

The first mentioned requirement should
really be a matter of course for all technical
equipment, whereas the second one is an
exceptional feature especially in railway sig-
nalling. However, the demand for “fail-safe
behaviour” is increasing in other fields of
modern technology too; one has only to think
of reactor technology.

The introduciion of electronics - in partic-
ular, microcomputers - has raised new prob-
lems in railway signal engineering. No longer
is the avoidance of failures, by means of
special constructions and appropriate dimen-
sioning, to the fore (in general, this Is no
longer possible), but the prompt disclosure of
failure and the equipments safe reaction to it,
in other words: the control over failures. This
had led to a whole series of different con-

cepts, some of wnich have been put into
effect over the past few years (Ref. 1,2,3,4,5).
Prototype microcomputer interlockings are to
be found in various countries (Ref. 6,7,8,9)
and by means of these interlockings, the
correct choice of the respective concept
adopted should be verified.

There are many reasons why there are
differences in interpreting and solving one
and the same problem. Firstly, from the very
beginning, different countries developed their
own version of railway signalling and, con-
sequently, the rules, regulations and laws
drawn up for this also varled. This In turn has
led to variations when carrying out fafl-safe
analysis. In the German Federal Republic,
there are a number of state authorities who
are appeinted to assess and certify the safety
of railway signalling systems. In the case of
the German Federal Railway, this is the
“Bundesbahn-Zentralamt, Munich™. This auth-
ority has issued its own guidelines which, of
course, are binding on all German manufact-
urers of signalling equipment. As a result, the
proving of a system’s faifl-safety has been

*Sjemens Braunschweig, West Germany
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found to be an expensive and time-consuming
activity (especially when different authorities
are simultanecusly involved for various cus-
tomers). To a greafer or lesser degree, the
manufacturer has to add these costs to the
product concerned. This was a reason for our
decision to concentrate on the development
of just one type of safe but universal micro-
computer.

Finally, it should be borne in mind that all
the technical solutions discussed here are
always compromises between many factors of
mutual influence for there is no possibility of
achieving 100% safety. The tendency to favour
the cne or the other solution will depend
upon the opinion formed during the planning
stage of the electronic signalling equipment
as to which of these many factors is of most
importance.

BASIC DESIGN OF THE
FAIL-SAFE COMPUTER

A single computer with no backing ({i.e. no
redundancy}, is not able to recognize a fall-
ure and the resulting consequences with a
sufficient degree of safety and because of this,
a dangerous situation can arise. Consequently,
the reactions of a computer must be monitor-
ed or controlled. Basically, this can be
achieved in different ways:

— by cyclic execution of a self-checking

program in a single computer (see
Fig. 1a).

— by rapeating the entire data processing
in a single computer but using a differ-
ent program. Results are then compared
{see Fig. 1b).

— by parallel operation of fwo computers
(see Fig. 1¢);

{a) with the same programs or
(b) with different programs {diversity)
and comparison of results.

— by parallel operation of three computers
with majority-voting of results (see Fig.
1d).

All of these possibilities have certain ad-
vantages and disadvantages both with respect
to their feasibility and to the safety level
achieved. Nevertheless, nearly all have been
put into practical application, with the excep-
tion of the firstmentioned method.

REQUIREMENTS ARISING
FROM SAFETY

The recognition of single failures

The essence of all fail-safe engineering is:
A single failure must never result in a danger-
ous situation. This requirement can be met
only if every single failure can be recognized
with certainty. All redundant aids which
serve to detect single failures must, therefore,
fulfil three requirements:

— they must be in a position to detect

every single failure.

— their own failures must be just as de-
tectable as those of the element under
surveillance.

— the situation must never arise whereby
the fault to be detected also appears in
the redundant unit, thus impairing its
function, in other words: its independ-
ance must be guaranteed.

The first two requirements can be best ful-
filled when fault detection is by means of pro-
cessing the data twice and finally comparing
the results {and, if possible, also the inter-
mediate results). With regard to the demand
for independance, this should be performed
in two separate devices, for example, two
computers working in parallel. if, on the other
hand, faults are to be detected just by using
the same hardware for the second program,
then it is extremely difficult to prove that both
programs will never be corrupted in the same
way due to a certain hardware fault.

Whether the comparison of resulis is per-
formed in one separate hardware device - the
fail-safe behaviour of which, however, must
also be proven - or by using software to carry
out individual comparisons in two computers,
is of no significance for this purpose. How-
ever, in each case it should be guaranteed
that when a discrepancy is disclosed, the out-
put of any fauly information is prevented with
absolute certainty.

Conclusion: The two-computer arrangement
is an effective means of sure detection of
single faults. These computers work in parallel
and each compares its results with the other.

Of course, care must be taken that the two
computers are not able to influence cne an-
other when a failure occurs. Moreover, it is
not only the possibility of electrical or electro-
magnetic influences which must be consider-
ed, a thermal influence can alse occur, for
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Fig. 1. Basic concepts of fail-sate microeemputer systems.
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example, when local temperatures increase
considerably as a result of a failure. For this
purpose, intensive investigations of all kinds
of possible mutual influences were carried
out in our laboratories in order to determine
the conditions under which optimal independ-
ence can be guaranteed.

Conclusion: Suitable measures must be
adopted to ensure that the twe computers of
a double compuier system are not able to
influence one anaother in a negative way even
during a failure {mutual independence}.

However, protection against influences from
the environment is of no less importance for
they could also cause both computers to make
the same error (the cause being one and the
same). To provide protection against outside
interferences, certain measures have to be
taken, like separate power supplies for both
computers protected by suppressor filters,
well-screened cables, earthing performed
carefully, electrically deccupled interfaces,
with high dielectric strength, to the outside
equipment.

In this connection, the question whether
the two computers function synchronously or
not, would appear to be of less importance.
Asynchronous computers are also prone to
outside interferences if specific measures are
not taken to keep them at bay. Namely, such
interferences not only have an influence on
the processing currently being carried out in
the computers but also are able to falsify the
information stored in the registers and mem-
ories, Such a danger cannot be eliminated,
however, just by a higher or lower degree of
asynchronism of both computers.

Conclusion: The entire dual computer sys-
tem must be sufficiently screened from all
conceivable environmental influences.

The avoidance of multiple failures

Should a single failure in a dual computer
system remain undetected for too long, or not
react as a “right-side failure", the probabhility
of a chance second failure occurring increases.
Double failures always present a potential
danger for they could lead to the same in-
correct results being produced in both chan-
nels of such a system, and these would re-
main undetected during a comparison.

One of the main problems of safe computer
systems is therefore, the prompt detection of

single faulis. Thus, the following requirements
have to be fulfilled:

— all conceivable failures must be detect-
able.

-— each failure must be detected as quick-
ly as possible, and

— this procedure shall cause as little hind-
rance as possible to the execution of
user programs.

The first requirement can he fuifilled only
by using fest programs to check all functions
of the CPU and of the memory at the shortest
possible intervals. As it cannot be ruled out
that some malfunctions are perceptible only
during the processing of certain bit combin-
ations, one comes to the conclusion that the
tests of individual commands of a CPU or
storage location also must be performed using
all possible bit combinations. This results in
a large number of individual tests.

Conclusion: Single failures must be detect-
ed as fully and as quickly as possible. To
achieve this, it is absolutely essential that
effective on-line test programs are performed.

If a check were to be carried out on each
individual test result by using software, this
would involve the transfer of one computer's
result to the other for purposes of comparison.
As this would take up considerable computer
time, the execution of the user program would
be impaired, which is in direct conflict with
the last two requirements given above.

This disadvantage can be avoided if a hard-
ware circuit is used for the comparison of test
program results and, of course, those of user
programs. In this case, too, care should also
be taken that the amount of software involved
is kept to the minimum. One possibility is the
direct connection of the comparators to the
bus system which links the individual com-
ponents of the microcomputer with one an-
other. Then, a comparison can be made al-
most at any time, e.g. within the span of each
operating cycle. However, a prerequisite for
this is that the computers run in strict syn-
chronism; at the very outside, they could run
slightly staggered. Such a degree of synchro-
nism can be achieved by means of a common
clock generator. The question as to whether
strict synchronism of both computers presents
a disadvantage with regard to possible out-
side interferences has already been answsred
in the negative.
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In our opinion, the use of comparators, in
hardware form, offers a whole series of
advantages:

— comparison of data can be made at any

time, that is at each stage of processing

— comparison is made of all data sent via

the bus, for example all instructions
fetched from the memory

— comparisons are made as frequently as

possible

— comparisons are executed at maximum

speed

— comparisons can be carried out without

employing user software.

However, for this concept oo, special test
programs are indispensahble as only the data
which appears on the bus can be compared.
These test programs have ‘“‘only” to ensure
that the information to be checked is also
transmitted via the data bus.

An exampie lo illustrate how well these
hardware comparators simplify a test seq-
uence is given in the test of a ROM for intact-
ness of content. For this, the test program
needs to read the entire contents just once,
proceeding from storage location to storage
location (without depositing it anywhere).
During the process, the memory contents,
which are sent via the data bus, are auto-
matically and without further aid, compared
with the contents of the neighbouring channel.
{Should differences occur, the comparator
blocks further execution of the computer
programs; in addition, the connections to the
peripheral in the output direction can be in-
terrupted, for example by switching off the
power supplies).

The advantages of quick testing without
having to have frequent, software-controlled
data exchange with the neighbouring com-
puter will play an important role in the
planning of future systems. 16-bit com-
puters with large memory capacities and ex-
tensive instruction sets will require consider-
ably more tests than is the case for the trad-
itional 8-bit computer, In order to be able to
detect all conceivable faults within an ad-
equately short time. To carry out the numerous
comparison operations just by means of soft-
ware would result in either the failure detec-
tion time being increased or the number of
tests considerably reduced. Both of these
would have an adverse effect on the task set,
namely, to prevent dangerous double failures
from occurring; consequently, the system’s
level of safety would be reduced.

Conclusion: Single failures must be quickly
and fully recognized. Comparisons carried
out by hardware in conjunction with test pro-
grams offer advantages over comparisons by
software of the two computers.

Retention of the safe status
after safety shutdown

After detection of a failure in the actual core
of a fail-safe double computer system, i.e. in
the CPU's, the memories and the comparators
{if being used), it is no longer possible to
continue processing sately because:

— it is not possible to determine in which
of the two channels the fault has occur-
red, and

— it would not be permitted in any case to
continue operations with just one com-
puter, for reasons of safety.

In such a situation, safety shutdown must
be carried out immediately, i.e. processing
has to be stopped. An additional method
which can be applied is to separate the con-
nection to the peripherals or to disconnect
power. This status must remain unaltered un-
til the fault has been rectified. Even if further
failures should occur in the meantime, this
must not effect a cancellation of the shut-
down. This fact has to be taken into account
when designing the safety shutdown.

The conditions in respect of a failure in the
input/output PC-boards are somewhat differ-
ent, These boards must also be of two-chan-
nel design to facilitate detection of failure;
every item of information relevant to fail safety
proceeds along two independent paths into
(or out of) the fail-safe microcomputer sys-
tem. The latter then serves as a safe, software
controlled comparator for information passing
into the system. In this case, comparison by
hardware is neither reasonable nor practical.
Firstly, the number of functions or information
items to be compared is considerably less
than that in both microcomputers and mem-
orles; secondly, a strict synchronization of the
incoming data in the two input channels
would be difficult to implement. Finally, there
are many occasions when it would serve litile
purpose to close down the entire system when
the failure concerns one specific peripheral
PC-board. In this case, contrary fo the fail-
safe computer core, it is quite conceivable
that operations will continue, safely but with
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reduced performance. The input or output
path concerned would simply be inhibited by
the microcomputers, Here, too, this status
must be maintained until the fault is elimin-
ated, which usually means the replacement of
the defective PC-board.

Conclusion: When failures occur within the
microcomputers, a safety shutdown must be
executed. The resulting safe status must
remain even if there are further failures in the
meantime.

Absence of faults
during commissioning

One of the most important points, which up
until now has hardly been touched upon, is
the guarantee that signalling equipment is free
from errors at the time of c¢ommissioning.
Then, should errors already exist during the
design or production stage of a system (in
hardware or software}, it cannot be expected
that the system afterwards functions so as to
meet signalling requirements. We are talking
here of systemalic errors as opposed to ran-
dom component failures occurring during
current operation. The possibilities (or impos-
sibilities) of preventing such errors, or at
least of rectifying them before commissioning,
can be discussed forevermore. During such
discussions, the group usually divides into
two parties:

— the optimistic work on the basis that it
must be possible to track down and
eliminate all crucial systematic errors
before equipment is put into service, and

— the pessimistic are of the opinion
that this is not possible and, therefore,
strive to find methods which permit de-
tection and appropriate handling of
these errors after commissioning, similar
to chance component failures.

The recognition of double errors during
aoperations in a two-channel system is, how-
ever, only possible if the two errors are suf-
ficiently different in their effect. A proposed
solution for this is to provide diversily both
for hardware and particularly for software,
i.e. to use different hardware and software in
both channels, although with the same
function.

Although, at first glance, this would seem
to be a reasonable solution, it has, in our
opinion, two serious disadvantages:

— the expectation that errors which are

not detectable during software testing

will reveal themselves after commission-
ing cannct be sufficiently substantiated

— this procedure is rather too expensive
for implementation on a largs scale.

For these reasons, those who are confront-
ed with its feasibility, e.g. German Federal
Railway, British Rail and various railway sig-
nalling manufacturers, are not in favour
of the principle of diversity. Ifs advocates are
mostly to be found amongst the safety theor-
ists in universities and similar institutions.

Conclusion: Signalling equipment must be
free of systematic errors at the time of com-
missioning. Later detection of such errors by
means of diversity appears to be problematic
in many respects.

Just as a passing remark, diversity is, of
course, a "must’ when a concept is applied
in which two programs run consecutively in
one CPU. The two programs have to be as
dissimilar as possible in order to detect the
effects of a hardware failure in the CPU and
to deal with this.

Maintenance Problems

This is not the occasion to discuss in detail
the maintenance of fail-safe microcomputers,
although this activity is also closely linked
with the question of safety. After a restart-up
following a repair, the system must be in the
same faultless state as at the fime of com-
missioning. Here, reference should be made
only to the facts of the case, which will de-
pend upon some special characteristics of the
electronic components, on the one hand, and
the use of a two-channel structure, on the
other hand, the fact that electronic com-
ponents can fail even when not in use, means
that under certain circumstances, formerly
tested replacement PC-boards could be
faulty again. This could lead to the situation
in which a complete dual computer module
is replaced by another one which, as a
result of too long a period of storage, has
already sustained a douhle failure that is no
longer detectable during subsequent test
programs. Although such a possibility should
not be overrated, it should also not be com-
pletely dismissed.

Conclusion: The fact that even unused re-
placement PC-boards can experience failures
as a result of being stored too long, must be
taken into account in the concept for perform-
ing repairs. '
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Availability of fail-safe
microcomputer systems

A typical feaiure of systems with fail-safe
behaviour is the adoption of a safe shutdown
status in the event of failure. This safe shut-
down involves a complete or, at least partial
degradation of operations. Fault tolerance
must be provided for cases where such hind-
rances, occurring at intervals given by the
MTBF of the system, cannot be tolerated. A
measure which is often proposed for this is
the use of a three-computer system with
majority voting ({2-out-of-3-system), which
after failure of one computer permits oper-
ations to be continued safely with the remain-
ing two computers. Such a concept can be
successfully applied if two pre-conditions are
met (but only then!):

— It must be possible (with justifiable ex-
penditure] to isolate and repair the
faulty computer and to reintroduce the
fully loaded computer into the system
without impairing the operation of the
two remaining computers

— Not only must the microcomputers them-
selves be provided with fault tolerance,
but the input/output channels must
also be protected to the same degree
against failure if availability of the entire
system is really to increase. This is par-
ticularly important because input/output
channels very often have a higher fail-
ure rate than microcomputers, on
account of the quantity of hardware in-
volved.

As an alternative to the 2-out-of-3-system,
there are the complete standby systems (as
cold or hot reserve) to which a switchover is
made when failures ogcur. fn spite of the
apparent larger hardware expenditure, this
solution is preferred by our firm because tech-
nically it is simpler to implement.

Conclusion: 2-out-of-3-systems are a suit-
able means for increasing availability only
when fault tolerance is also consistently
carried into the interface system itself.
Often, 2-out-of-2-systems with complete hot
reserve systems are easier to implement.

SUMMARY

A number of ideas have been presented all
over the world for the use of microcomputers
in fail-safe signalling systems. These concepts

differ not only in regard to their universality,
cost and availability but also with respect to
required safety and the way to prove this
safety by analysis. Why is it that different con-
cepts have been formed? Firstly, there is the
historical reason, that is, in different countries,
railways and their administrations have de-
veloped along their own lines. Secondly, there
are no worldwide-established and uniform
basic principles concerning the requirements
to be met by safe electronic controls. This is
why the required safety level (and the as-
sumptions concerning the probability of cer-
tain failures or combinations of failures)
varies and, therefore, determines the tech-
nical resources to be invested in such equip-
ment.

The railway signalling division of Siemens
has decided in favour of a fail-safe computer
system comprising two parallel functioning
microcomputers (2-out-of-2-system), based on
the 8080 microprocessor. This system was
chosen so as to conform with the operational
guidelines of the German Federal Railway
(see Fig. 2). Both computers function syn-
chronously and compare their results by
means of hardwarg comparators, supplement-
ed by a sophisticated on-line test program.
Hardware and software in both channels are
identical. The principle of 2-channel operation
with comparison of information is carried
right through to the input/output channels
and the peripheral equipment.

EXAMPLE OF APPLICATION

The above-mentioned fail-safe computer sys-
tem has been checked by the Bundesbahn-
Zentralamt and other supervisory bodies and
authorized for application in railway signalling
systems. It has already been in use for sev-
eral years, about 150 such systems perform-
ing various tasks. Thus, we already have
experience drawn from approx. 500 computer-
operating years.

One of the main applications is the elec-
tronic interlocking. Siemens have developed
a basic concept for this which uses the same
fail-safe (2-out-of-2) computer in a compound
system for a whole number of different tasks
(see Fig. 3.). This microcomputer-controlled
interlocking has a 3-level hierarchy:

- the input and display level
— the section computer level and
— the element control computer level.
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Fig. 2. Dual channel fail-safe microcomputer system with
comparator device (COMP) and common clock generator {G/SPG).
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Cne of the functions of the input and dis-
play computers is to provide the interface
between the operator and the interlocking
itself. All inputs into the system are periormed
via a keyboard and all displays are shown on
a VDU screen, which replaces the traditional
display panel.

The section computers, as the name imp-
lies, are responsible for a ceriain section of
a railway station and contain the actual inter-
locking logic. They accept route setting com-
mands from the input computer, establish
operations to be performed and transmit
these control commands to the linked element
control computers.

Finally, the element control computers con-
vert the received instructions into control
commands for the linked trackside elements
and monitor their execution. In addition, the
status data of all trackside elements is trans-
mitted cyclically to the corresponding section
computer. Data exchange between all com-
puters is carried out via an internal bus sys-
tem, the interlocking bus.

All section computers - even those for
different stations - have the same programs.
After commissioning, the input computer trans-
fers station-specific data, in the form of lists,
to the section computers. This concept allows
the use of only one reserve computer, as hot
standby, for the section computers of a
station. The same applies to the element con-
trol computers. All of these are provided with
the same basic programs and only after sys-
tem start-up do they receive the required
additional information from the input com-
puter, for example type and number of con-
nected track elements, such as signals, points
and track circuits.

We hope to have shown by these ex-
amples that work in the field of fail-safe micro-
computers has reached the stage whereby
their application is possible even where safety
requirements are particularly high, and though
requirements differ from country 1o country -
at least at the present time.
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Paper 2:

Microprocessors in

Fail-Safe Systems
By Mr. C. G. Shook*

INTRODUCTION

In the creation of fail-safe railway controi
systems, the designer is confronted with a
myriad of choices. This is perhaps especially
true when applying a new technology, such
as microprocessors, where standards of ac-
ceptance are as yet unestablished.

The current point of debate is the choice
of hardware and software configurations in-
volved in the implementation of fail-safe rail-
road contrel functions using microprocessors.
We have chosen to pursue the single proces-
sor approach. We are aware, of course, that
other companies (mainly European) follow
the multiple processor approach to achieve
safety. These appear at first sight to be dis-
tinctly ditferent approaches. However, we note
that the major design techniques used in the
iwo cases 1o achieve safety are not that
different.

We hold the belief, shared by many, that it
is possible to implement safe systems with
either single or multiple processor hardware
configurations. We further believe that in many
circumstances there are distinct advantages
to the single processor approach.

The terminology, single processor, as used
herein means the employment of a single
microprocessor to achieve fail-safe design.
While it is possible that such a system may
include more than one processor, the reason
for inclusion of other processors is not to
create a fail-safe system by having two or
more processors perform the same tasks and
then checking them against one another.
Rather the reason for using multiple proces-

sors in our systems will be to allow partition-
ing of functions, to centrol the overall system
response time, or to improve system avail-
ability. This concept is illustrated in Fig. 1.

For contrast, the general multiple processor
approach is illustrated in Fig. 2. Here, two or
more processors are involved with executing
the control logic. Some form of cross-check-
ing is included to determine whether the pro-
cessing is free from errors. If more than two
processors are included, increased availabitity
can also be achieved.

This paper will ouiline the technical and
marketing environment that led to the choices
made as well as enumerate the design chal-
lenges that had to be met in the creation of
fail-safe systems employing microprocessors.
It will also give some insight into our choices
of solutions, although details of the design
techniques used are not included here. These
can be found in other papers presented to
this Institution and elsewhere.

ENVIRONMENT

There has, for many years, been a fund-
amental difference between European and
North American approaches to safety in rail-
way signalling. North American approaches
have, for the most part, been based on de-
vices with intrinsic fail-safe characteristics
such as the K and B relays of GRS and the
Type P relay of US&S. European approaches
by contrast have tended to use non-vital de-
vices such as metal-to-metal contact relays.

*G_R.5. Rochester U.5.A.
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Safety is then assured by design techniques
such as redundancy, back checking, cross
checking etc.

Given these fundamental differences that
have existed for decades, it is not too sur-
prising that European suppliers would ap-
proach microprocessor safety sysiem design
using checked-redundancy, cross checking
and other techniques borrowed irom the pre-
decessor relay systems. By the same token,
it is hardly surprising that North American
suppliers would choose the techniques fam-
ifiar to them, such as diversity, cycle check-
ing, etc., to build intrinsic safety inte a single
processor system.

With the recent exceptions of Conrail and
Amtrak (passenger service), U.S. railroads
have been privately rather than state owned.
There have always been no less than two, and
frequently more, major signal industry sup-
pliers in the U.S. Thus there is inherent com-
petition in the U.S. marketplace with the res-
ulting drive to produce a product which pro-
vides the lowest cost/benefit ratio and simul-
taneously satisfies industry, the individual rail-
road’s, and the supplier's own standards.

There are estimated to be more than 2700
multiple crossover interlockings in North
America as well as a substantially larger num-
ber of single end-of-siding locations. Large
complex interlockings, however, are relatively
few in number, being located in and around
the larger cities. This track configuration is
of course directly related to the large dis-
tances spanned by the North American rail-
roads and to the fact that the traffic is and
has for many years, been dominated by
freight rather than passenger service.

This track configuration has further led to
the North American practice of vital interlock-
ing logic being housed in wayside locations
close to the devices being controlled. Remote
control (ctc) is provided from central loc-
ations by communication of non-vital inform-
ation over multiplexed communication facil-
ities.

Much of this is in contrast to the European
situation where distances are shorter, traffic
density is greater, and passenger fraffic rep-
resents a much greater proportion of the total.
Interlockings are larger with the resulting
larger concentrations of conirolled devices.
Prudent system design in these circumstances
has led to larger, centrally located interlock-
ing logic plants, with transmission of vital
signals to and from the trackside.

HISTORY

GRS has been involved with and thinking
about the use of processors for executing
vital logic for more than twenty years. In
1965-66 we carried out a mainling railroad,
radio cab signal experiment called Zcne Con-
trol. At the time we were not satisfied with
the degree of safety provided by the purpos-
built digital processor. However, we felt the
fime was not too far distant when we would
be able to satisfactorily use processors for
such purposes.

In 1971, we committed to the design and
supply of a control system for the Rohr Mono-
cab, a people mover tc be demonstrated at
Transpo ‘72, the transportation exhibition held
at Dulles Airport near Washington D.C. This
control system provided alf the features of
automatic train supervision (ATS), automatic
train operation (ATO} and automatic train
protection (ATP). The vital train protection
function (ATP) was implemented in dual mini-
computers, each executing the same program.
A fail-safe comparator allowed the vehicles to
proceed only if the two computers produced
identical results. At the time we were not
totally satisfied with this approach but had no
better solution to offer.

During the exposition in May and June of
1972, the Monocab PRT system under the
control of this multiple processor safety sys-
tem carried more than 10,000 people. Two
separate vehicles, operating simultaneously
on the same guideway, and three guideway
switches represented the potential hazards
against which the safety system provided the
needed protection,

In 1974, we began work as a subcontractor
oh a control system for the Advanced Group
Rapid Transit (AGRT) program of the U.S.
Department of Transpeortation. This control
system, based on the Monocab demonstration
system, also used dual minicomputers for
achieving safety.

In November 1977, at an AGRT mesting,
much concern was expressed over how to
assure the correctness of two complex, iden-
tical software programs such as were being
designed for the AGRT project. No conclusion
was drawn, leaving the uneasy feeling that
this would always be an area of risk.

When the primary coniractor of the AGRT
program decided in 1978, to drop the line of
business, our only active connection with
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multiple-processor safety applications was ter-
minated. From that day on, GRS has never
seen fit to resume vital multiple-processor
activity, believing that single-processor meth-
ods are preferable.

The use of processors in vital signalling
applications is, of course, not necessarily
limited to interlocking or train protection
logic. There are a number of safety devices
in use in conventional signalling systems
which are expensive and difficult to manufac-
fure. These, and other devices, can be vastly
improved in performance by digital tech-
nigues, if the logic can be made fail-safe and
cost competitive.

One such device is the motor-driven, vital
timer. In 1979 we designed a single micropro-
cessor based vital timer which was introduced
to the market in 1981.

Another such device is the mechanical rate
code generator used for the generation of
coded signals in track circuits and cab signal
systems. We undertook the development of a
single microprocessor based device for this
purpose in 1977.

In July of 1978, a single microprocessor
based vital speed enforcement governor was
field tested on the Airtrans people mover
system at the Dallas-Fort Worth Airport.

Trakode [l, our vital microprocessor based
track communication system was introduced
in 1981, to replace the older all relay version.

None of these small, microprocessor based
safety devices could be made cost effective
and competitive with their predecessors if
multiple processors were required to be used
in their implementation.

DESIGN CONSIDERATIONS

The use of microprocessors, in any con-
figuration, in safety applications, involves gen-
erating task logic that is primordially correct
and a hardware/software system that will
either faithfully execute the task logic or will
revert to a known safe state if hardware fail-
ures result in execution faults. An additional
requirement is the ability to check the hard-
ware /0 ports for proper functioning. A furth-
er very desirable feature would be the ability
to predict, with confidence, the rate at which
wrong side failures could be expected to
ocecur.

The fundamental design approach taken
today does not differ significantly from that in
use for over a century. Namely, one must
determine what can go wrong, design in such

a way that when the possible faults occur the
result is no less safe than if the system were
functioning properly.

There are those who argue that micro-
processors cannot be adequately analyzed in
safely applications. This is said to be due to
the fact that the component level failures with-
in the microprocessor can neither be ac-
curately predicted nor simulated. While this
statement may be true, it is also true that
such an approach is not necessary. For any
failure that may occur internal to the proces-
sor hardware, it is possible to identify the
complete set of undesirable cutcomes. The
task then is to design the system in such a
way as to protect against these undesirable
results of failure.

Approaching the problem from this per-
spective, one determines that the design must
provide adequate assurance that:

— the inputs to the processor are correct

— the program has executed correctly

— the program has not changed in memory

— data tables have not changed

— inputs and variable data are current

-~ No program segments have been skip-
ped

— the outputs are correct

— the outputs have not been changed by
device failures.

A major application of microprocessor
safety systems is interlocking control. Fig. 3
illustrates the general control process for an
interlocking. In this application we conclude
that three things are necessary in order to
have a safe processor-based system. First we
must have a set of logic expressions that com-
pletely describe what we wish the interlock-
ing to do. Second, we must have a means
to accurately translate the interlocking logic
expressions into software to be run by the
processor. Finally, we must have a logic pro-
cessor that can be relied upon to either pro-
cess the program exactly as intended, or
revert to a known safe state if the processing
is in any way flawed.

Fig. 4 illustrates the fulfillment of these
necessities. For the first part, the primordially
safe interlocking logic, we must still rely on
the signa! engineer. He must do what he has
done since interlockings first came into being,
that is describe how the interlocking is in-
tended to operate under ali foresseeable cir-
cumstances. His output is a logic expression
set.
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For the second part, a computer-aided
assembly (CAA) package has been designed
to assist the application engineer in configur-
ing the system. The CAA program constructs,
in two independent diverse channels, the vital
data base from the interlocking logic expres-
sion set. |t encodes testword values, memory
location assignments, and expression product
term data definitions into PROM code.

To ensure integrity of the vital data base,
the CAA check program reconstructs two
logic expression sets, one from each of the
two independent channels, using only the
PROM code as source. These reconstructed
expression sets are then checked against
each other and against the original by the
application engineer to ensure that the CAA’s
interpretation of the logic expression set is
correct.

For the third requirement, we have devel-
oped Safety Assurance Logic (SAL) which
proves that the primary logic has been pro-
cessed correctly, or it does not allow an out-
put to be delivered.

The Safety Assurance Logic verifies the
performance of the primary logic by making
prescribed tests. These tests are designed to
reveal any failures that could result in an in-
correct output. The mechanism employed is
the generation of checkwords. Each check-
word certifies the accurate completion of a
group of steps. Correct checkwords are not
permanently stored in processor memory. All
tests must be completed on every processor
cycle and new checkwords must be gener-
ated. Therefore, a complete and correct set
of checkwords is assurance that all vital tests
were made and passed.

The checkwords generated during the pro-
cessing cycle are passed to an independent
arbiter, known as a vital driver. This device
is designed so that the output is allowed to
be delivered only if a prescribed dynamic
output is maintained. Only a full and correct
complement of checkwords, periodically de-
livered and destroyed after each cycle will
allow the correct dynamic output to be main-
tained.

In essence then, the processor contains
two logic systems: the primary logic to per-
form the interlocking logic, and the Safely
Assurance Logic to vitally assure that the
primary logic is accurately executed.

A recent variation on the SAL concept is
referred to as NISAL or Numerically Integ-
rated Safely Assurance Logic. NISAL is sim-
ilar to basic Safety Assurance Legic in that

it uses checkwords to prove the processes
hiave all been performed, the data used is
current, the outputs have not been corrupted,
etc. NISAL differs from SAL in that the check-
words and data are integrated. Each param-
eter is represented by a rmulti-bit word which
identifies not only the state of the parameter,
but alsc its unique identity. Therefore, for a
Boolean parameter there are two applicable
words, one for its true state and the other for
its false state.

The system is arranged so that the param-
eter representations are affected by every
operation that must be checked. A set of cor-
rect values of the parameter representations
therefore is proof of correct system perform-
ance and that permissive outputs may be
allowed to exist.

The probability of erroneously allowing the
existence of a permissive output is related to
the lengths of the words that represent the
parameters. The longer they are, the less
likely it is that they will, by chance, turn out
to be one of the applicable words when a
failure has occured.

With basic SAL the checkwords can be
thought of as generated separately from the
data representations, whereas with NISAL the
checks are carried within the data represent-
ations.

While basic design technigues used in deal-
ing with fail-safe microprocessor systems re-
main very similar to those which have been
used for decades, there is now one more
design factor which must be dealt with. Digit-
al and microprocessor systems lend them-
selves readily to statistical failure prediction.
Formal failure analysis techniques which were
developed in conjunction with military and
aerospace programs are how being applied to
railway signal systems. One of the advantages
of NISAL over SAL is that the probability of
wrong side failure is more easily predicted
and controlled. The ability to predict numerical
rates of wrong side failure now adds this new
dimension to safety design, that of deciding,
in quantitative terms, what rate of wrong side
failure is acceptable.

In the past, judgement was made as to the
likelihood of each failure possibility and those
deemed to be sufficiently unlikely to occur
were dismissed from further consideration.
Those deemed unacceptable were designed
away. The judgement was made on the basis
of intuition and experience. This more sub-
jective judgement of the past was easier in
many respects to dea!l with.



MICAQPROCESSORS 1IN FAIL-SAFE SYSTEMS 39

CONCLUSION

! hope | have conveyed the message that
the GRS preference for the singie micropro-
cessor method of implementing vital logic
functions did not develop without some under-
standing of and experience with the multiple
processor alternative.

| also hope to have conveyed the message
that the final choice of hardware and software
configuration can be, and often is, significant-
ly influenced by factors other than just the
technical ones.

Finally, | reiterate my opening statement
that we believe safety can be achieved in
either single or multiple processor configur-
ations.
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DISCUSSION

Opening the discussion, Mr. B. E. B. Bar-
nard congratulated the authors on their
exposition of the various safety philosophies
used by their companies.

He commented that there seemed to be
a trend in the civil aireraft industry towards
diversity of software and hardware, possibly
going to 'two-out-ofthree’ in each case, for
flight control systems.

The nature of modern chip design, using
CAD packages, might mean that there were
hidden, possibly pattern sensitive, common
failure modes. It was accepted that it was
impossible to fully test the more complex
processors. How did the authors take account
of this?

Electrical noise could have the same effect
on both of the Siemens synchronised proces-
sors, leading to an undetected error. The
GRS approach gained some degree of safety
from processing different forms of the data
at different times. How was the adequacy
of the interference immunity of any new
system established?

It had always been possible to decide on
an acceptable level of wrong-side failures,
but people had shied away from doing it
Prediction of wrong-side failure rate achieve-
ment by a system was still difficult. Un-
expected factors, such as carelessness In
design and checking, poor quality control in
manufacture, insufficient testing and poor
maintenance were probably more significant
than the potential failures known to the
designer. Constant vigilance was required
to prevent the unexpected happening.

Mr. Wobig replied that diversity, however
it was defined, had been suggested as the
remedy for common mode failures and the
uncontrolled factors menticned. Similar pro-
cessors from different manufacturers might
not be sufficiently different, whereas different
types of processor were unlikely to show
COMMON errors.

Half of software errors have been found
to be due to faulty specification. Diversity
should start at the specification level. Differ-
ent programming teams would not resolve
specification errors.

There was a need to know what benefits
were obtained by diversity, and at what cost.
The initial investment was high and there
was a need for assurance that replacements

for hardware components would be available
over a peried of many years, up to 30 or
more. There was always a need for a second
source and the problem was compounded,
if hardware diversity was used. Duplicate
programming was very expensive and there
were difficulties with independent main-
tenance when there were changes in the
field.

Mr. Shook felt that there was a problem
of semantics over the question of diversity.
GRS claimed to use diversity in designs and
systems, but it was different from what
Siemens termed diversity. GRS felt that the
same degree of safety can be achieved with
a single processor. Storing inverse represent-
ations of data, in different memory locations,
was a form of diversity that guarded against
certain faults in the processor and in the
memory. Independent processors and soft-
ware, as a means of diversity, falls down
when the system needs to be debugged to
make it operate. Diversity meant different
things to different people.

The engineer was frequently frightened by
the fact that it was now possible to do an
analysis and determine the probability of
occurrence of a wrong-side failure. Knowing
the number made it more real than judging
that something was not significant. In the
UBA, and possibly elsewhere, the operating
department tended to have more influence
than the signal engineers so far as safety
matters were concerned. Major causes of
fatalities and Injuries were not signalling
systems but lifts, escalators and similar
situations. The railway signal industry was,
therefore, often accused of over designing
systems when money could be hetter spent
in other areas.

Estimates for wrong-side failure rates often
did not agree to within an order of magnitude.

Mr. Wobig stated that neither DB nor
Siemens thought that exact calculation of
the probability of dangerous failures was
possible. A sound knowledge of the different
types and rates of failure that might occur
in the computers was required. This was
not available at the present time.

In a dual channel system the failure rate
was dependant upon the findividual failure
detection times. The longer a failure in one
channel remained undetected, the greater
was the probability of a fallure in the second
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channel occurring. Even so, only if the fail-
ures were more or less identical would a
dangerous system failure occur. It was ex-
tremely difficult to produce accurate figures.

Mr. Shook commented that, from experi-
ence, attempting to do these calculations,
which at best were only estimates, was very
expensive.

Mr. J. Catrain asked if Siemens were
satisfied that safety could be achieved with
a single processor. This was not yet accept-
able in France.

Although calculation of the wrong-side fail-
ure rate might be difficult, it was essential
for the supplier to convince the customer
that adequate security had been achieved.
This had been the case with relays. What
tests had the authors carried out to this end.

Mr. Wobig was not convinced that one
computer was as safe as a two computer
system. The GRS system used one computer
with several processors, with safety assur-
ance logic. It was difficult to show that failure
in the one processor could not affect bhoth
the safety logic and the safety assurance
logic in the same way. The same CPU
was being used in a similar way, employing
a real dual channel system and a reliable
faii-safe comparator, there must be two
independent but more or less identical fail-
ures before a wrong-side system failure
could occur.

In Germany, DB had set up standards for
electronic equipment for safe use in signal-
ling installations. In particular, there were
requirements for maximum failure detection
times in a dual channel system. It had been
accepted that, with extensive checking of
the hardware and software production pro-
cesses, the system would be adequately
safe. Several other customers had also
accepted this approach. For new develop-
ments, such as electronic interlockings, there
had toc be a long period of testing under
very sbnormal adverse electrical and en-
vironmental conditions.

Mr. Shook remarked that GRS did not have
the same arrangement with their customer
as Siemens, hence the need to attempt to
calculate wrong-side failure rates. Some
customers were willing to accept the assur-
ance of the supplier that the equipment was
safe. Others required some kind of proof,
which had been found to be more difficult
and expensive than designing and delivering
the system.

The real question, which applied to all
systems, was how the possible failure modes
had been addressed and was the safety level
acceptable.

There was a feeling that all new tachniques
and devices should be demonstrably satis-
factory by field testing. In fact, a reasonably
acceptable failure rate cannot be demon-
strated in a reasonable testing time. All that
testing did was to show that no unacceptable
failures had occurred in that time. 1t did not
demonstrate that the system was adequately
safe, but it did give the customer some
confidence.

Mr. J. D. Corrie pointed out a problem in
availability. When parallel systems were used,
there could be a problem on first failure and
changeover to the second channel. An inter-
locking had to remember the sequence by
which the system state was arrived at, as in
approach locking particularly of opposing
routes. He suggested that a ‘two-out-of-three’
system provided continuous safety throughout
the changeover.

Mr. Shook responded that one group of
users in the USA felt that if there was a
processor, then there must also ke a standby.
This might mean an unacceptable increase in
cost.

There were three approaches to availability.
Small installations were assumed to be fairly
reliahle. When they did fail, then technician
attendance was required for repair. Large
installations required a cold or a hot standby.
In the former case, there would be some
time period when the system was out of
operation while the new processor catches
up. With a hot standby, whichever fail-safe
processor was felt to be healthy was qualified
to provide control, without a break.

Mr. Wobig agreed. Siemens had provided
a number of hot standby systems. In the case
of the section computers there was one
standby for the group, because the programs
were the same. There had been no problems
over the changeover.

Mr. P. Barker suggested that there were
differences between North American and
European practice. The Siemens dual channel
system had comparators on each input and
cutput channel and could tolerate a single
channel failure. The GRS single channel sys-
tem would shut down on an input or output
channel failure. The lower passenger traffic
density in the USA might affect the design
of fail-safe systems.
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Mr. Wohig pointed out that Siemens had
duplicated the input and output channels in
order to be able to check the channel elec-
tronic equipment. If there was a disagree-
ment there was no point in processing
doubtful data. The redundancy was not for
availability but for failure detection in the
input ports. Failures in the output ports were
a matter for concern.

Mr. Shook stated that, in the GRS system,
an input port failure removed only those
output ports affected.

The relatively low passenger traffic density
in the USA affected the size of interlockings
and the frequency of trains, hence the accept-
ance of lower system availability.

Mr. Wobig pointed out that the Ericsonn
company in Europe also favoured the one
computer concept for its interlockings. There
might be little to choose between the overall
hardware requirements of single and dual
processor systems. There were difficulties
in showing to the differing assessing author-
ities that the approach offered was accept-
ably safe.

Mr. C. Brown pointed out that both ap-
proaches described in the paper relied on one
set of safe software. How was this prepared.
How was it ensured to be correct and would
not lead to wrong-side conditions.

He also asked if the synchronised dual
processor system could suffer from a com-
mon mode failure due to outside interference.

Mr. Wobig noted that not all dual channel
systems used synchronised channels. Siemens
had used this solution for simplicity in the
hardware comparator. All systems should be
protected against external electrical and
electromagnetic Iinfluences because much
information of vital importance was stored in
registers and memories. Special precautions

were needed against the effects of lightning.
Siemens had been able to satisfy their cus-
tomers that there were no effects from such
outside influences, so the synchronous dual
channel system was acceptable.

Mr. Shook said that there had always been
a requirement, - since the first mechanical
interlocking, that safe operaticn would occur
if the system operated as intended. The need
for ensuring the safety of the primordial
logic was as valid today as it had always
been.

Given a set of equations that described
how the interlocking should operate, assur-
ance was required that the system executed
properly. It was assumed that hardware
might fail but the software would not, pro-
vided that the code correctly reflected the
designed logic.

Mr. Wobig said that the correctness of
software was a very difficult matter. System-
atic documentation of the programming steps
and measures to develop, test and validate
the software were needed. At all stages, a
second independent programmer checked for
agreement with the specification. This applied
to the separate modules as well as to the
complete system combined with the hard-
ware. The real problem was of failures hidden
in the original specification.

Proposing a vote of thanks to the authors,
Mr. D. Glyde said that it was always a
pleasure to listen to a speaker expert in his
subject. Tonight there had been a double
measure of such pleasure. He was grateful
to the authors for addressing in thelr paper,
and in the discussion, the very fundamentals
of the application of microprocessors to fail-
safe duties. He thanked the President for
arranging such an interesting double act.
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Technical Meeting of the Institution

held at

The Institution of Electrical Engineers

Monday, 10th November, 1986

The President (Mr. J. G. Oehler) in the Chair

The Minutes of the Technical Meeting held in London on 14th October, 1986, were
taken as read and signed by the President as a correct record.

The President then introduced Mr.

H. Steinbrecher (L.T.T. Vienna, Austria) and

requested him to present his paper entitled "“Videopult. A Video Display Control

and Management System for Interlockings”.

Videopult. A Video Display
Control and Management System

for Interlockings
By Mr. H. Steinbrecher*

INTRODUCTION

In large railway stations with conventional
relay interlocking systems, e.g. geographic
interlocking systems, for the display of points,
signals, tracks and train-numbers and used
for their control, a panoramic display is
available.

In Austria, the operation of a large route
interlocking system was not in general con-
frolled by pushbuttons con the dispfay but
through a command keyboard at the signal-
man’'s workstation. Each pushbuiton on the
panoramic display was allocated a three-digit
number. These numbers were selected, as
required, by the signalman and entered into
the route interlocking system via function
keys on the command keyboard.

The Videopult system has been developed
by ITT Austria and the OBB {Austrian Federal
Railways}) as an alternative io the conven-
tional command keyboard.

Today, in conventional interfocking systems
the Videopult is the standardized operator man-
machine-interface in Austria. The interface

belween operator and equipment was al
the hsart of the designsystem. Not only the
classic indication and operating functions for
the route interlocking facilities, analogous to
the conventional command keyboard, were to
be taken into account, but operation of the
system was considered as a general task
which was required in an integrated manage-
ment system. The station management has
been assisted by the Videopult system but
retains its role as a decision maker, particu-
larly for complex decisions. At the same time,
human error was to be largely prevented by
the system.

it was important for the indication and
operation equipment to be independent of
both the technology and make of the equip-
ment that was to be controlled. To achieve
this objective, the latest communication tech-
nologies and ergonomic principles were to be
employed during design.

« |.T.T. Vienna Austria
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Fig. 1. Typical control post.

STRUCTURE OF THE
VIDEOPULT SYSTEM

Basic Considerations

The objectives of the Videopult required the
design of an equipment layout for the indic-
ation and operation functions that had to be
clear, logical and provide the nhecessary
operational flexibility.

A cathode ray tube was the natural choice
as a display for the indication functicn since
it had been proved valuable in train control
centres for many years. The decision to use
a colour screen followed because of the com-
plexity of the tasks io be performed. A colour
display makes it easier for the operaior to
rapidly assimilate a wide variety of inform-
ation. A solution to the problem of entering
instructions was, however, more difficult to
achieve.

From the outset it was clear that integration
of the operation of all technical facilities
would only be acceptable to operating person-
nel if the system aflowed associative inter-
active operation.

After careful analysis, a light-sensing pen
was chosen for feeding in instructions to the
indicating monitors.

Symbol Design

Special attention was given to the design
of symbols for illustrating the wide range of
rail operations. Basically the aim was to use
a representation based on symbolic assoc-
iation; this means the choice of simple sym-
bols that were familiar to and easily interp-
reted by the operating personnel. As an
example, a main signal in the stop position
is symbolized by a red bar across the track.
When the signal condition changes to “go”,
a greecn arraw replaces the red bhar. A shunt-
ing signal which is in the clear position is
represented by a blue arrow in a white frame,
analogous to the old mechanical shunting
signal in Austria, which was a blue board
with a white frame.

Human factors were used when considering
the possible combinations of background
colour with symbol colour; this made an
important contribution to achieving the aim of
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Fig. 2. Visual display with light sensitive pen.

symbolic association for the operating con-
dition symbols.

Input of Commands

In the Videopult system, commands are fed
in using a light-sensing pen. The light-sensing
pen will be placed on the desired symbol (e.g.
signal or switch) on the surface of the cath-
ode ray tube and gently pressed. Pressing the
light-sensing pen operates a contact which
will switch con the phototransistor in the tip
of the light-sensing pen, thereby generating
the corresponding signalling command for the
master computer.

The system confirms input of the command
by flashing the appropriate symbel. Com-
mands from ithe master computer are only
passed to the interlocking system when the
appropriate enabling key at the lower edge of
the picture is pressed.

These enabling keys correspond to the
group buttons of the pancramic display; in
this way the proven operation methed of the
panoramic display has been retained. For

example, when the cperator wants to reverse
a switch by using the panoramic display
boatd, he has to press the push butten of the
respective switch and the so-called “switch
group’ - push button. If the operator wants
to do the same actions by using the light-
sensing pen via the screen, he has to press
the light-sensing pen on the symbol of the
respective switch and subsequently on the
symbol called ""switch agroup field”.

Past experience has shown that command
input using a light-sensing pen is quicker than
using other input media, e.g. an alphanumeric
keyboard. Nevertheless, a numeric keyboard
is available for additional functicns and to
provide a back-up in the event of a monitor
failure.

Hardware Configuration

The Videopult, in its basic configuration,
consists of a master computer, a scanner and
a semi-graphic process video system with in-
put possibilities through a light-sensing pen or
a numeric keyboard.
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Fig. 3. Hardware structure.

The scanner, which is part of the ITT 0802
microcomputer family developed by ITT-Aus-
tria, is connected with the panoramic display
or the interlocking system. Depending on
availability, free contacts are used for scan-
ning. If no contacts are available, scanning is
carried out at the lamps of the panoramic
display via suitable interface equipment. This
scanning flexibility makes it possible to con-
nect the Videopult system to any type of sys-
tem available. All input signals are cyclically
interrogated. A digital filter suppresses trans-
ienis caused by contact bounce.

Sufficient logic switching is provided in the
scanner for the logical evaluation of signhals.

At medium-sized stations with approximately
seventy switches on an average, 1400 signal
inputs are connected to the scanner. To one
scanner 1024 Input signals can be connected.
So normally two scanners are provided in a
station. The memory requirement necessary
for scanning and processing is approximately
64 kbyte.

After evaluation, information from the scan-
ner is passed to the master computer, which
alsc belongs to the ITT 0802 microcomputer
family. The master computer provides the
central signalling function for the Videopult
system. The 580 kbyte memory stores all con-

stant and variable data relating to the con-
nected facilities. Essential data for display on
the monitors is passed in serial format to the
video process system. In turn, the master
computer receives commands which have
been fed in using the light-sensing pen. The
numeric keyboards (consoles) are connected
directly via particular inputs to the master
computer. The output of signalling commands
from the master computer to the interlocking
equipment is via compulsive guided relays
ITT 65E (printed board-qualified relays used
for fail-safe circuits in railway signalling}. The
contacts of these relays are switched in paral-
lel with the corresponding buttons on the
panoramic display board.

For the video processing system, a Process
Video System made by Krupp-Atlas-Electronics
is used. This semi-graphic system met all
requirements with its 2048 screen fields and
256 freely definable symbols per picture. With
one light-sensing pen up to four monitors can
be handled. The simple, rapid creation and
pregramming of process pictures by a light-
sensing pen had a major influgnce on the
choice of system.

To the basic configuration of the Videopuli
system additional operational modules and
interfaces can be connected if used in a
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station. The configuration can be enlarged to
maore operater positions, if e.g. more than one
signalman for lining up of train movements
or an additional operator for shunting move-
monts are needed. Also the number of mon-
itors used for an operator position can be
varied according to the size of the station,
e.g. two monitors for a medium-sized station,
three or even four monitors for large and
very large stations.

Software Siructure

The software of the Videopult system is
provided in CHILL, a real-time programming
language for processor controlled switching
systems. The static language properties of
CHILL reflect today's state of engineering by
providing PASCAL-like constructs for struc-
tured programming and user definable data
types. The real-time multitasking capability of
CHILL, which supports concurrent execution
of processes, is essential to its use in control
and switching systems. The main features
supperting concurrent execution of processes
are dynamic process management, process
synchronization and communication, and
mutual exclusion. The Videcopult system is
based upon a complete CHILL environment,

including compiler, operating system and iest
tools.

The tasking capabilities of CHILL were en-
hanced by introducing features such as time-
out handling, special input/ouiput operations
and database access. The additional tasking
features are implemented without changing or
extending the CHILL syntax, by using the con-
cept of operating system primitives - built-in
procedures with a pre-defined parameter and
exception list.

In the Videopult system the master com-
puter is the heart of the control software. This
software consists of the following manage-
ment components:

-the ‘“station elements” to indicate the
state of station elements on the monitors.
For each type of station element (e.g.
departure signals, home signals, switches,
tracks with or without frain number in-
dication) one process type is provided.
The main tasks of these processes are:
(i) receiving of element changes from
the seanner;
{(ii) storing the new state of the ele
ments;
(iii) sending the specific messages to the
Process Video System.
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Fig. 5. Track diagram.

- Signal processes, switch processes and
track processes are additionally respons-
ible for the automatic train number move-
ment in a station.

-the “command input management” which
consists of the “consocle command man-
ager” and the "PVS command manager’
to work up the commands which are trans-
mifted from the Process Video System or
the console in serial format.

The main tasks of these modules are:

(i) Checking whether the inputs from
the light-sensing pen or from a con-
sole are correct commands or not;

(i} sending the system indications back
to the Process Video System (e.g.
start flashing to the activated symbol
or input error indication) or to the
console;

(iii) sending of complete commands to
the “command handier”.

- the “command handler” is responsible for
issuing the commands, the setting of the
output relays and executing the commands
one after the other.

-the ‘operational features management”
for automatic functions.

The application software of the Videopult
system is independent of the specific station.
All data which are necessary to project the
station are stored in a database ot the master
computer.

In the database are stored:

(i) data which describes the geography
of the station (e.g. needed for train
number switching);

(i} data for updating the pictures on the
VDU's;

(iii) data for carrying-out commands to the
interlocking equipment (e.g. the port/
bit-information, which is necessary for
the “command handler” to set the out-
put relays).

OPERATIONAL FEATURES
OF THE VIDEOPULT

Track Diagram

- display of track diagram based on pre-
viously proven diagrams;
-status of the fail-safe facilities is con-
tinuously scanned, and the results are
displayed on the VDU's;
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- display of date and time are on the VDU's.
This data can be entered or changed by
the operator via the numeric keyboard;

- Names of the destination stations are dis-
played on a coloured background. Train
numbers are displayed with the same back-
ground colours as the designated des-
tination stations, thus facilitating co-ordin-
ation of the destination and frain number
by the cperator;

- Track memories allow rapid seiting up of
frequently used routes;

- “registered actions’ are initiated in a sim-
ilar way using the light-sensing pen on the
monitor. If, for example, a substitution
signal is set {e.g. in Austria needed
should a green lamp of a main signal
fail), then the associated symbol of the
main signal is activated using the light-
sensing pen. The number of the track sec-
tion before the main signal begins to flash
as soon as the maln signal associated
signal relay at the output of the master
computer is activated. This relay reports
back the number of the track to the oper-

mand is only passed on to the interlocking
equipment after the operator is satisfied
with the correctness of the track number
and has pressed the enable and group
buttons on the consote;

passages through the station can be enter-
ed by the operator with one command
via the Ilight-sensing pen. The several
routes of the passage are automatically
activated one after the other by the master
computer. The passages are freely prog-
rammable by the operator in a similar way
by using the light-sensing pen;

The function key area on the screen in-
cludes not only group keys for the fail-safe
facilities but also labels (e.g. working
group, track locking) that can be placed
on the desired track section using the
light-sensing pen. Up to four different
labels can possibly be placed in one track
section at the same time.

Switch Tabulation

For normal operations (e.g. route setting)

ator in a fail-safe indicator on the num- the information of the positions of the
eric keyboard. However, the signalling com- switches in the track diagram are sufficient.

HEICMENTABELLE

——-- 401
405-413 - —mo 415

o,f

N

Fig. 6. Switch tabulation.
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Additional information (e.g. number of the
switch, manual locking} are necessary in
case of maintenance or disturbance. For that
purpese the picture on the monitor can be
switched over to the so-called “switch tab-
ulation”.

This picture shows a table including all
switches of the station ordered by their num-
bers. Using the light-sensing pen, rapid switch-
over of the pictures is practicable. With the
"switch-tabulation” the operator can manip-
ulate a switch, when he knows only the num-
ber of the switch and not its position in the
track diagram. In additiocn to the approved
display in the track diagram, an enlarged dis-
play is provided that can show the switch
requested by the operator, including detailed
information in the familiar form of a panoramic
display.

Train number functions

The indication and the movement of train
numbers is a feature needed in all modern
large stations. Therefore it is completely in-
tegrated in the Videopult system. The input of
a new train number is normally transmitted
from a neighbour station using its own com-
plete train number indication system or a
numeric keyboard. li trains are generated in
stations with Videopult the frain number is
set and handled with the light-sensing pen.

The first digit of the train number is nor-
mally used to indicate the desired destination
of the train. Derived from this first digit an
automatic lining up of routes to the defined
destination can be done. The operator himself
can define the individual route through the
station and handle and fix it with the light
sensing pen. He can also change the input
with the light-sensing pen very simply, if it is
necessary.

The routes of all trains with train numbers
beginning with this digit will be lined up auto-
matically without an input from the signalman,
as soon as the train approaches.

Suitable fault indications are provided for
the automatic lining up of routes. So, for
example, the coperator's attention is called by
the system when a train approaches and the
system cannot immediately line up the route
because another train is crossing. Or a signal
did not change to *“go” in time after the sys-
tem had given the operating instruction to the
interlocking equipment.

Another two additional features are included
in the Videopult system for train number

indication and train movement. One of them
is the possibility to inform other station staff
{e.g. the platform signal man) about the
actual train movements in the station. If
necessary, a simplified track diagram can be
shown on a bfack-and-white monitor. This
picture indicates train numbers, the position
of the main signals and track occupations.
Also, the Videopult system is provided for
delivering information (e.g. train number
movements) to a central train despatching
system. The information can be transmitted by
a separate serial data link channel.

Automatic Lining Up of
Shunting Routes

In the Videopult system, shunting routes
can be lined up automatically. The operator
can immediately store a desired sequence of
shunting movements by touching the symbols
of the desired tracks on the monitor screens
with the light-sensing pen.

The complete block of shunting routes can
be started by cne single command with the
light-sensing pen. All subsequent routes are
lined up automatically at the earliest possible
moment, that means as soon as the last com-
mon track section of two consecutive routes
is free. In this way, the operator is relieved
of a routing activity, the tracks are signalled
carliest and the dead time required for
human action is eliminated.

Two different types of shunting routes can
be handled in this way:

-fly shunting movements, pushing cars

from one track into a series of other
tracks;

- changeover movements, changing trains

from track to track.

Three different shunting movements can be
stored and worked out by the system at the
same time.

Normally this feature is operated by an
additional operator for shunting movements,
but if necessary the stored blocks and func-
tion keys can be switched over to the work-
station of the signalman.

Catenary Group Switching

Apart from the interlocking facilities, the
switching of traction current is another of the
signalman’s management responsibilities.

Without Videopult, catenary groups are han-
dled by means of switch elements totally sep-
arated from the signalling installation. This
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Fig. 7. Lining up of shunting routes.

can be integrated in the Videopult system,
displaying the status of the catenary groups
on the same monitors as those for the indic-
ation of track elements.

The change of pictures on the monitors
is done by the light-sensing pen. The catenary
picture on the VDU indicates the states of
the catenary groups and of the catenary
switches.

The update of the catenary picture takes
place in the same way as that of the track
diagram. Input signals from the catenary
equipment are cyclically interrogated by the
scanner and messages are sentvia the master
computer to the Process Video System.

For operations, the light-sensing pen Is
used. Two operational modes are provided:

-the catenary of the station is remote con-

trolled by the line powerstation. In this

mode the catenary picture is used like a

mema-book. The operator can make notes

by using the light-sensing pen, catenary
groups will be switched off In a short
time;

- the catenary of the station is locally con-
trolled. In this mode, catenary groups can
be switched off or on by the operator
directly with the light-sensing pen via the
screen.

If a catenary group is switched off or if
there is a note about switching off in a short
time, this state is automatically indicated in
the picture of the track elements for all affect-
ed tracks. In this way, all operations ordered
by the signalman are concentrated in the
Videcpult - an integrated management system.

Reporting Procedures

In a railway station, quite a lot has to be
documented. This means that the signalman
has to write into different books, and this
needs a lot of time.

The Videopult system offers computer
assisted reporting procedures which could
replace all existing manual reporting books
written by the sighalman or by the mainten:
ance man such as:
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Fig. 8.

documentation of emergency commands
which must be given in case of disturb-
ances. These special actions by the oper-
ator which could lead to a dangerous
situation by overriding the fail-safe equip-
ment are printed out on the so-called
“fault printer’. The documented actions
are necessary in order to move rail traffic
as smoothly as possible should fauits
occur in the fail-safe equipment; this func-
tion is intrinsically dangerous since the
safety of rail traffic is ensured exclusively
by the attention of the signalman;

documentation of ‘‘station management”
procedures. For example, it can happen
that the block installations between two
stations are disturbed, so that all train
movements must be handled by telephone
calls. On the one hand the *‘station man-
agement” feature hefps the signalman not
to forget a telephone call, which could
cause a dangerous situation, and on the
other, it documents the telephone calls on
a printer, on a separate monitor and in
the non-volatile memories of the '‘station
management processor”’ (a ‘part of the

Catenary diagram.

master computer module) as socn as the
signalman contirms the call with the light-
sensing pen by touching the respective
symbol on the monitor. The documentation
is combined with the train number. Another
example is the cover of a working group
working in a track section. If the operator
places the label “working group” in the
desired track section on the screen using
the light-sensing pen, a fail-safe circuit
prevents the setting of a signal for a train
movement into this track section. After
pre-announcing a train by telephone and
after advising the warking group, the
operator confirms the call with the light-
sensing pen by touching the respective
symboel on the screen. This handling will
be documented and subsequently the sig-
nal will be set in the clear position auto-
matically. After departure of the train, the
track section will be locked automatically
for the next train. Once a day, a complete
list of the events of the day, including all
train movements with train numbers, is
printed out in a train-relevant order;
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Fig. 8. The operating position.

- information available in the master com-
puter is also used to detect faults in the
interlocking equipment. Fault detection for
all essential equipment {e.g. switches,
signal lamps, axle counters) is integrated
in the Videopult system, thereby achieving
a higher availability of interlocking equip-
ment.

OPERATOR POSITION

Considerable importance is attached to
human factors in the design of the operator
position. All statutory and medical regulations
and guidelines have been taken into account
during the design phase. This refers to the
monitors as well as to all equipment neces-
sary for the management of a station.

In a modular way, the size of the operator
position can be built up optionally with the
required number of equipments and monitors
for smaller or larger stations.

CONCLUSION

The Videopult system makes an essential
contribution to the management of railway
station operations in which the interactive
operational control using a light-sensing pen
has proved excellent.

The Videopult system was originally instal-
led for field trials at the Wolfurt freight station
in Austria in 1981, the aim being to test the
concept of an integrated facility for control-
ling train movements and shunting operations.
The man-machine-interface between the op-
erator and the route interlocking system was
made the cornerstone of the development.

Training of operating and maintenance
personnel did not present any problems, and
there were no technical problems.

Finally, the stipulated cost target was met;
the system offers a better cost/utilization ratio
than any conventional system has achieved
for the OBB.

Today, in Austria, four railway stations with
Videopult are in operation. In one of the
largest stations, the main station of Linz,
Videopult is being installed.

Most of the features of the Videopult sys-
tem will also be applied in the man-machine-
interface of the future electronic interlocking
system made by iTT Austria.

The mentioned features of the Videopult
system show the status of today, but there
are no obstacles preventing the inclusion of
new requirements in order to combine station
operation, station management and train dis-
position as efficiently as possible.
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DISCUSSION

Opening the discussion, Mr. E. Q. Goddard
thanked the author for his very interesting
paper. He asked why the light-pen had been
chosen for inputting information, rather than
a tracker ball or touch sensitive screen.

Was a disk used to log data or was a
printer alone relied upon?

Auto route setting was used for running
and shunting movements. Did one iype of
movement have priority over another type or
was it a case of first come first served?

How was train identification achieved for
trains entering the system from outside?

How was the fail-safe output mentioned
in fig 3 achieved?

In response, Mr. Steinbrecher stated that
the reason for choosing the light-pen was for
speed of operation by the signalman. The
light-pen was quicker than using other media.

The disk was used only for the video dis-
play system. EPROMs are used for the master
computer and scanner memory.

The registered commands and actions are
recorded on a fault printer in a fail-safe
manner. This is necessary in Austria because
reliance is placed upon the signalman to per-
form correctly.

Under automatic route setting, running
movements have priority over shunting move-
ments, determined by the first digit of the
train number. There is no distingtion in the
interlocking Itself. Train number information
is input from a keyboard at each fringe
station.

The fail-safe output from the computer
was required to enable the signalman to check
that the proposed system action agreed with
his intentions.

Mr. K. E. Hodgson asked what were the
considerations involved in obtaining a better
cost/utilisation ratio than with a conventional
system. Were equipment lives taken into
account.

How accurate was the pointing require-
ment for the light-pen?

In response, Mr. Steinbrecher stated that
the basic Videopult configuration was cheaper
than the conventional command keyboard
and train number display. The integrated
management features naturally cost more,
because they were not realised in con-
ventional systems.

The light-pen target area was about 1cm
square, so it was simple to feed in com-
mands, as with push buttons. Consideration
had to be given to ambient lighting level and
the operator position.

Mr. G. J. W. Meecham asked how fre-
guently the push huttons on the panoramic
display panel were used.

Did use of the light-pen interupt the major
system scan, to provide minimum delay?

Could different sections of track be dis-
played on one screen or were a number of
screens required to obtain an overview?

Was the signalling interlocked with the
traction supply, to prevent trains becoming
section-gapped?
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Was there any system duplication, to avoid
complete failure?

Mr. Steinbrecher stated that Videopult was
an alternative to the command keyboard for
controlling the panoramic display. The panel
push buttons were a back-up.

A scanner dealt with 1024 inputs in a cycle
time of 250 milliseconds. The system res-
ponse to light-pen input was about three
saconds.

The number of monitors provided depended
upon the size of the station layout. Each
could be used for light-pen input.

In Austria, the signalman controlled both
the signalling interlocking and the overhead
line equipment, therefore the customer did
not require any other connection hetween
the two systems, reliance baing with the
operator.

In medium sized stations there was no
duplication of the Videopult system. At Linz,
duplication was being developed,, whether it
would be hot, warm or cold standby was to
be decided by the customer on cost and
operational grounds.

Mr. F. W. Harris asked if the system would
be appropriate for a mass transit railway,
with few points and automatic train reg-
ulation.

Mr. Steinbrecher stated that the goal for
Videopult was to develop and automate an
alternative to the command keyboard with
the panoramic display. This was not required
for a small station, but there was still a
need to input data for supervision. It was
still true that conventional push button key-
bhoards were cheaper than an equivalent
screen based system. There was a need to
balance costs against the benefit derived.

Mr. C. H. Porter asked if control of signal-
ling and power supply had always been
carried out by the signalman in Austria. Was
the catenery control equipment provided by
another supplier?

Had combination of telephone and signal-
ling functions been considered?

Mr. Steinbrecher stated that the overhead
fine control equipment was stand alone, from
a different supplier. Inputs from the signal-
man were combined, for the first time, in
one integrated management system.

The telephone equipment was provided by
yet another supplier. It was intended to com-
bine the telephone and signalling in the

future, as part of the integrated management
system.

Mr. R. C. Nelson asked if it was intended
to use the system to drive a passenger in-
formation system, using the data that was
already avallable. Mr. Steinbrecher replied
that again there was a different supplier for
passenger information system. It was pol-
itically not acceptable to integrate the two
systems, although technically possible.

Mr. F. M. Hewlett commented that the
Austrian philosophy appeared to differ from
standard BR-NX panels. There was a pos-
sibility of pressing two buttons simul-
tancously to give an unambiguous request to
the system, with some simplification. Use of
the light-pen forced a sequential set of push
button operations.

He felt, from personal experience, that the
light-pen was easier to use than the tracker
ball, particularly with the large screen target
areas provided.

Mr. Steinbrecher pointed out that parallel
button pushing on a large panoramic display
might not be possible. Sequential input was
quite common.

He agreed that the light-pen was much
quicker than the tracker ball and seemed a
more natural operation.

Mr. R. G. Fenge felt that one advantage
of the CRT display over the panoramic panel
was the speed at which it could be upgraded,
with a ROM database. Was this electrically
reprogrammable or more permanent? Were
changes carried out by the supplier or by
the user.

Mr. Steinbrecher stated that the video
pictures were stored on disc. Affer system
failure it took two or three minutes to nor-
malise the video system. Detailed updating
took only a matter of seconds.

Alteration of the EPROM database was
performed by ITT whenever a [ayout was
changed, at the request of the customer.

Mr. R. S. Wickenden asked how the Video-
pult system was related to the timetable.

Mr. Steinbrecher responded that, In Austria,
stations used a despatcher system. The Video-
pult was not a despatching system. Auto-
matic train movements were handled in res-
ponse to the first digit of the train number,
without any reference to a timetable.
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New S.N.C.F. Electronic Interlocking

at Tours

Part 1: Introduction
by Mr. R. Retiveau {S.N.C.F.)

GENERAL

The ORLEANS (LES AUBRAIS)} line to
TOURS (ST. PIERRE DES CORPS) is located
on the PARIS to BORDEAUX route.

The double track line is travelled by an
average of 160 trains each day. Traffic can
achieve 180 trains on Fridays and 195 trains
on some peak days of the year.

On average, normal traffic includes 30 pas-
senger trains, non-stop travelling between
ORLEANS and TOURS, 14 trains travelling at
200 km/h and 16 at 160 km/h, 40 passenger
trains travelling at 160 km/h or 140 km/h,
with one or several stops between ORLEANS
and TOURS, most of the stops in this case
on the main track, while 90 goods trains
travel at 80 or 100 km/h.

Figure 1 shows a detail of the traffic graph
for this line.

The amount of this mixed traffic, with trains
operating at such a diversity of speeds (200
km/h on the one hand, and 80 km/h on the
other), with such different assignments
(direct non-stop trains and local trains stop-
ping at all the stations) meant that the line
had to be equipped with bypass tracks, i.e.
tracks ranging between 1200 and 1800 metres
in length, with fast access points from the
main track to allow slow or local stopping
trains to be parked, under optimum conditions
of speed, while it is passed by a fast express

train. Four bypass tracks on the odd side
and five bypass tracks on the even side have
been installed in this way.

In addition, the requirements for maintain-
ing fixed installations (tracks, catenaries,
etc.), with current maintenance methods, in-
volve the implementation of machinery run-
ning on rails (tampers, catenary maintenance
machines) causing stoppage in the circulation
of commercial trains on the track being main-
tained, during the period of maintenance.

To deal with these constraints, the tracks
had to be provided with signals allowing easy
circulation in both directions and junction
installations for two main track sections, 7 to
15 km apart (Fig. 2.).

For these installations to be efficient, a
centralized control post was needed, referred
to as the regulation and switching post*, to
be informed in real time (1) on the traffic
situation, and capable of controlling, again
in real time (1), switch manoeuvres so that
the trains can use the routes decided upon
by the controller, with the least lost time
possible.

* Poste d’Aiguillage et de Régulation {P.A.R.)
(1) The term real time relates to being in-
formed of an event or to being able to carry
out an order within a period of a few seconds.
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Fig. 4. Automatic graphic screen.

DETAIL OF INSTALLATIONS

The Iinformation required for making the
right decision is:

- that referring to the current situation, i.e.
identification and location of trains, speeds
and the signalling states {routes traced or
not)

-that relative to the near future, i.e. the
determination of future conflict (whereby
a slow train might be caught up by an
express train, for instance).

The equipment used to give this information
to the controller are display consoles pro-
viding three types of images:

- one traffic follow-up image (Fig. 3.) giving
a simplified diagram of the geography of
the entire line. It is cut into track sections,
opposite which the numbers of trains
using them are displayed.

The image also displays the traced routes.

-An image of the real time-space graph of
train circulation (Fig. 4.).

The slope of the line characterizing each
train, gives sufficiently accurate information
on the speed of the train for the controller.

At the request of the controller, the graph
may be extended at a given time on the hy-
pothesis that the train will continue to travel
at the speed set by the controller, in this way
displaying any possible traffic conflict.

By means of the above information, the
controller can take his decisions regarding
the train.

To apply these decisions, he can control
the routes concerned by means of his alpha-
numeric keyboard.

These commands are stored In a program-
mer. On the approach of the trains concerned,
the routes are formed as a function of the
stored data.

However, note one particularity of the sys-
tem: its control by exception; this means that
when the situation is normal, the direct routes
are traced permanently within the system
(the routes are then considered as ‘perman-
ent trace’ routes and the automatic feature of
the centralized post does not enter into play).
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Fig. 5. Display screen (signalling type).

When a command for a non-nermal situation
{ordering a route to use a bypass track, or
ordering a route in the opposite direction) is
entered into the system, it is carried out on
the approach of the train concerned, and as
soon as the lafter has left the switch zone,
the corresponding direct track route is auto-
matically ordered and forms immediately as
part of the permanent route.

Further, in a perturbed situation, should the
controller wish to obtain fine information on
the signalling installations, by a keyboard
entry, he can request the display cn one of
the screens of conventional signalling infarm-
ation {information comparable with that ap-
pearing on a traditional optical control panel)
(Fig. 5.).

Finafly, it should be pointed out that the
train numbers can be entered into the system:

- currently, and normally, by the AUBRAIS
and ST. PIERRE DES CORPS posts, by
entry on the alphanumeric keyboard

-later, and rormally, by an electric link
between the follow-up systems which equip
the AUBRAIS and ST. PIERRE DES CORPS
zones, on the one hand, and the line
follow-up system between these stations,
on the other,

- exceptionally, by the controller.
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Part 2: Detailed Description
by Mr. M. Poré (Jeumont Schneider)

GENERAL

The TOURS contrel centre {P.C.C.}) instal-
tation is an iliustration of the policy, for
standardisation of module systems, on the
SNCF as concerns data processing systems
linked with railway signalling.

This module subdivision is based on the
most careful possible distribution of the vari-
ous functions.

The choice of a modular design, as well as
structurized programming methods guarantee
a quick design of each installation, a high
level of reliability, safe working and a good
understanding of the equipment, by the user,
well adapted to his local needs. This architec-
ture allows also an optimized availability, the
interactions, in case of a software or hard-
ware failure remaining limited.

The standard communication protocols
between modules allows for the solving of
any obsolesence problem. Indeed, each ad-
vance, either in technology or ‘user needs’
research will be well adapted. The standard
procedures for transmission links being
independent from the chosen technology.
At this point the installation does not risk
becoming rapidly obsolete and its possibilities
can be adapted to the new requirements of
the user.

The software of all modules Is parametered.
The basic program is the same for each mod-
ule of the same kind, the specific features
from one meodule to another ("“description”
of the module) being achieved only through
parameters. The medification that may occur,
thanks to a change of the surroundings (new
traffic, modification of the area which is con-
trofled by the system, new track layout), will
only involve a modification of some para-
meters inside one (or several) module{s),
or if it becomes necessary, the addition of
some new modules.

The various functions carried out at TOURS
include:

- traffic follow-up (train describer) function

(SUIVI module)

- transport printing function (MADEX mod-

ule)

- display-dialogue function {AFDIAC mod-

ule)

-train list management function (FICHIER

maodule)

- graphic traffic function (GAS module}

- mimic diagram function {TCO module)

- itinerary control function {MCI module)

- teletransmission function (SNTI).

These modules have been developed with
S.N.C.F. (Division des Appareillages et Auto-
matismes) and two suppliers: CSEE and JEU-
MONT SCHNEIDER.

DESCRIPTION OF MODULES:
SUIVI, AFDIAC, FILE, MADEX

Train describer (SUIVI) module

The ftrain describer module ensures the
following main functions:

- localizer management

- train index management

- dialogue and received message execution

- alarm management

-filing for maintenance operators

- management of time and date.

It analyses the received messages, checks
that they can be executed and, if not, supplies
an alarm for the operator.

It checks the performance of the system
by detecting unserviceable links, abnormal-
ities linked with the acguisition of unit entries,
atc.

All detected alarms are filed on the main-
tenance printer. Only those with a possible
effect on transport are displayed for the oper-
ators.
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Fig. 7.

SUIVI module hardware structure.
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AFDIAC module hardware structure
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maintenance printer ing of 48 inputs .
ACOMSE L 6x8 __ inputs
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screen controller screen
central unit POL YOG
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screen controller screen
FOLYSG video infor mation
- 1 e SCreen
keyboard POLYSG J

Main processor

power supply

Fig. 8. AFDIAC module hardware qm‘rc’tu're.
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Parallel link //
Viy
ucC PP uc ps
V24
Transport printer
off time N loca!l bus
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connector
4 in-pgge - -

memory cards
screen
2 interface cards 1 intedace card and
& insulated V24 links 9 V24 links
keyboard

power supply

power supply

Fig. 9.

The train describer module sends out its

information towards other user medules.

1t

does not carry out any specific processing on
this information for other users.

Display-dialogue maodule on several
polychromatic screens (AFDIAC)

In addition to the train follower display-
dialogue module functions, this module en-
sures the following:

- acquisition of “all or nothing” unit entries

- acquisition of remote checks from one or

-display of

several standardized data processing trans-

mission systems (SNTI)

signalling checks ({signals,
“train approaching” zones, switch checks,
...) from data processing.

it can handle up to four semi-graphic poly-

FICHIER module software interface.

Train list management
system module {FICHIER)

This module consists of two different parts:
- one ‘‘real time"” module
-one "off-line” module

The purpose of the “real time"” module is
to supply the other modules with information
on circulation controlled by the same mod-
ules, e.g.: time intervals {at Tours) or routes.

This information is defined on the basis of
a previously stored file. The file combines all
data relative to theoretical traffic of trains
during a predetermined period.

The “off-line time” module carries out three
different functions:
- compilation of files independently of the
real time module

chromatic screens, and up to four different
images which can be allocated at any time
and independently of one another to each of
the screens. These images consist of 48 lines
of 80 columns.

- extraction of data from files (type: train

succession table)

-formatting and remote loading of a fiie
into the real time module.
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Transport printing module (MADEX)

The purpose of this module is to file inform-
ation linked with traffic in a page layout easily
used by transport operatives.

For each circulation in the train describer
zone, the passage times at pre-determined
points corresponding to localizing points are
stored.

The printout of information relative to ¢ir-
culation is nommally triggered by the train
describer circulation output. It can assume
two different aspecits:

- chronelogical printing of pairs: passage

time and designation of passage point,
without any paging particularity linked with
the train describer geography

- printout of passage times in geographic-

ally specialized listing zones.

MODULE HARDWARE STRUCTURE

Train describer module

This module comprises:

- the main processor dealing with process-
ing attached to the train describer function
and managing exchanges with secondary
processors

-a PS V 24 secondary processor handling
16 serial links (V 24 interface)

-a PS LOC secondary processor, respons-
ible for:

acquiring 16 x 32 individual matrixed
inputs, then ensuring the localizer func-
tlon

mahagding 16 low speed links (telegraph
interface)

AFDIAC module

This module consists of:

-a main processor handling the display

and dialogue functions
For this purpose, it offers a memaory
extension card and 1 to 4 semi-graphic
polychromatic screen controller cards

-a secondary processor, responsible for:
managing serial links with the train des-
criber module and the external modules
{train describers SAAT, teletransmis-
sions SNTIL,...}
acquiring 3 x 48 individual inputs and
ensuring the localizer function

This processor can also be used on the
train describer module instead of the PS
V 24 secondary processor.

Capacities:

- 144 individual inputs

-8 V 24 insulated interface serial links

- 8 telegraph interface serial links

-management of 4 screens and 4 images of
48 lines and 80 columns each

-2 V24 maintenance printer intertace serial
links.

FILE module {(FICHIER module)

*The real time module consists of:
- a main processor responsible for:

exchanges with the secondary proces-
sor
processing of consultations
transparent storage for other moduies
of a file remote-loaded from the “off-
line” module
a secondary processor handling serial
links and connecting it to the external
modules
The use of the "off-line” module is carried
out on an IBM-PC compatible micro-computer
(type Personna 160Q) using a hard disk, a
disk drive and a printer.
Because of the processing to be carried
out on the files, a base Il type data manage-
ment tool is used.

Transport printing module (MADEX)

This module consists of:

-a main processor used for:
exchanges with the secondary proces-
sor
processing intended for printing (with
a high-speed printer connected to this
processor)
a secondary processer handling serial
links and connecting it to external mod-
ules or o the SAAT.

AUTOMATIC STANDARD
GRAPHICS MODULE (GAS)

The standard automatic graphics module
{GAS) forms part of the standardized mod-
ules of the circulation control system.

The GAS module is intended to automate
two of the essential traffic control functions:

- display of traffic graphs: this function is

carried out in real time

- filing and restitution: the restitution func-

can be carried out off-ling,
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One GAS module is capable of handling
at the most five different graphics simul-
taneously. The choice of displayed graphics
is by dialogue.

Microcomputer structure

The GAS module consists of two micro-
computers connected together by a parallel
channel.

The secondary processor handles the seriai
link by connecting the GAS module to the
various train describer modules (SNST and/
or SAAT). The secondary processor is based
on a Z80 microprocessor.

The main processor produces the graphics
(from the information transmitted by the sec-
ondary processor) and controls the different
peripherals (keyboards, monitors, printers,
etc.). The main processor is built on the
68000 migroprocessor.

Functional structure of the
GAS module

The GAS module microcomputers handle
the following peripherals:

-a graphic colour monitor displaying train
operation

- a standard keyboard for dialogue between
the operator and the GAS module

- a magnetic cartridge for saving and restor-
ing the different graphs

-a plotting table for restoring graphs on
hard paper copy

-an alphanumeric console for carrying out
various dialogues

- & maintenance printer.

The GAS module dialogue function

The operator dialogues with GAS module
via a standard keyboard.

Two types of dialogue are apparent:

- dialogue relative to the train describer
function
- dialogue specific to the traffic graphic
function.

The first, is identical to those of a train
describer module and include, amongst others,
dialogues for identification, insertion, cor
rection, suppression, transfer, etc., concerning
traffic.

The second is used for.

- selection of displayed graphics

-changing the displayed graphics time
origins

- executing train running extrapolations

- acknowledging work intervals

- saving on magnetic cartridges

- graphic restifutions on the graphic screen

- graphic restitutions on the plotting table.

The GAS module
transmission function

The GAS module exchanges messages with
the train describer modules.

The exchanged messages are of two types:

-messages received by the GAS in order
to compile the graphics (insertions, sup-
pressions, corrections to circulation)

- messages received and/or transmitted by
the GAS within the scope of the train
describer module dialegue function.

Traffic graphic display function

See Figures 12 and 1.

The graphics are displayed on a polychro-
matic graphic screen.

Traffic is displayed on a space-time graph,
and this graph is divided into three zones
allocated to:

- the past

- the real time (present)

- the future (explorations).

Another part of the graphic image is refer-
red to as the “ancillary zone™ and is reserved
for dialogues, alarms and messages.

(a) Traffic graphic display

The graphic display includes:

-a f{ixed frame including time-space c¢o-
ordinates and associated reminder lines
-a representation of traffic in the forms of
solid or dotted line vectors of different
coelours

-the index of graphic zone entry and exit
traffic

-the index of traffic in the graphics zone
-the work Iintervals in the form of rec-
tangles with their nature (expected or con-
firmed), their type (catenary, track...) and
their designation

-the time intervals at certain contro! points
- explarations displaying the operation of
traffic in 4 future zone,
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(b) Ancillary zone

Featuring:
- dialogue zone

- dialogue and system alarm zone

- message zone
- time and date zone.

Fig. 11.
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G.A.S. module functions structure.

{c) The graphic image is fully parametered:

- time scale

-space scale

- colour and trace type
- character size

- location of ancillary zones
-size of zones reserved for the past, the
present and the future

- etc.
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The GAS module storage function

The GAS module stores information for
filing and restitution of the graph.

Storage is on two media:

-a backed-up RAM for the recent past
(recent past covers a period of approxi-
mately 36 hours with respect to the cur-
rent time)}

- magnetic medium {cartridge) for the old
past.

In this case, the GAS module not only
stores variable data items relative to lraffic,
but also fixed information items such as field
parameters, vectors, etc.

The GAS module
restitution function

This function uses the stored circulation
graph to restitute off-line graphic display,
either on the graphic screen or on the plot-
ting table.

The restitution can be carried out:

-from Information stored in the backed-up

RAM for the recent past

-from information stored on a magnetic

cartridge for the older past.

The GAS module alarm function

Any malfunction is:
displayed on the graphic monitor
and/or displayed on the maintenance
panel indicator lamps
and/or filed on the maintenance printer.

Maintenance filing function

In addition to the alarms, the maintenance
printer can print out any events occurring in
the system (dialogue, transmitted and/or
received messages, etfc.).

The type of event is selected by a thumb-
wheel switch.

Hardware description
of the main processor

The main processor is a multi-card micro-
computer built on the basis of a VME stand-
ard bus mother beard, including:

-1 central processing unit card using a

68000 microprocessor. This card also sup-
ports the EPROM memories which con-
tain the various parameters

-1 serial link card to AVIS V24 standards
for connection of the different perpherals
-1 parallel input/output card for exchanges
with the secondary processor and the
maintenance panel
- the graphic controller cards, used for:
(a) a graphic central unit card
(b) a videc memory card

Data exchanges between the main central
processing unit card and the graphic central
processing unit card via a VME bus, so that
the shortest possible regeneration times are
possible

-one EPROM memory card supporting 256

kilo bytes of “program™ memories

- RAM memory cards supporting two types

of memories:

{a) backed-up memories to store all
information concerning traffic oper-
ation; this information must be safe-
guarded in the event of a power
cut (the standard capacity of a
G.A.8. module is 512 kbytes of
backed-up RAM)

{b) non backed-up memories for temp-
orary data storage.

Hardware description of the
secondary processor

The cards used to form the secondary pro-
cessor are identical to those used in the
SNST modules.

A secondary processor includes:

- a central processing unit card (UC2)

-a series of adapter cards for the serial

links:
serial 18
V24 /48 and/or TGHS8

The number of cards depends on the num-

ber of serial links to be handled.

CP DATA PROCESSING
CONTROL MODULE - MCI

The TOURS CP data processing control

system is used for:

- programming the traffic {schedulling) to
ensure automatic control of routes by
reference to a train describer system

- control and individual destruction by dfa-
lague of all the line post routes

-control of all the functions required for
line operation,
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The current cperating mode of the line is
the automatic mode, and in this mods, traffic
uses routes which are permanently traced
throughout each station.

Where necessary, an exception can be
made to the rule. In this case, the regulator
establishes programming in order to:

- withdraw operation from the "permanent

routing”’ system ('Tracé permanent”-TP)

-order routes according to the desired

programming with reference to the train
number

- re-astablish the permanent layout network

following programming

System functions

The main functions controlled by the sys-
tem are as follows:

- keyboard control for dialogue

- acquisition of elementary data by means
of a link with the SNTI

- programming and automatic control of the
routes

- direct route control

- control of pest equipment (stop indication
control, transit cancellation)

- protection control

- control of serial links (SUIVI and SNTI)

Route data processing conirol

Routes can be controlled either after a
route control dialogue {direct control) or
when the conditions required for a program
route control are satisfactory.

A direct control always overrides conirols
obtained from programming.

Programming is carried out by reference to
the train number and, generally, by reference
to the previous train for which a waliver to
normal operation is needed.

The programmed routes are triggered by
occupation of the passage request zone con-
sisting of the approach zone.

No data processing controls can be trig-
gered unless they are the subject of prior
programming.

Working areas and
catenary protection

The posis are divided into geographical
“protection” areas. Each area is materialized

by a relay controlled by dialogue. The pro-
tection by relay prevents the opening of sig-
nals for routes giving access to the protected
area associated with it. The clearing of the
protection calls for operator thinking involv-
ing the entry of two dialogues, so that the
clearing of the protection is effective.

System architecture

The work station consists of two semi-
graphic polychromatic screens. Each image
displays:

- a field representing the track plan of part

of the line

-windows in which the scheduled trains

appear

- an alarm/dialogue ara.

Duplication of the system ensures avail-
ability, and changeover to a reserve unit is
obtained by the operation of an INFO 1/
INFQ 2 switch.

Processing is by a monoprocessor Z80
based system.

Control of the serial lines:
- with SUIVI (1200 Bauds)
- with SNT! (1200 Bauds}
- with standard keyboard (1200 Bauds}
- with maintenance printer

STANDARDIZED DATA PROCESSING
TELETRANSMISSION SYSTEM
MODULE (SNTI)

The standardized data processing teletrans-
mission system (SNTI) connects: the data
sources (field units) and the standardized
data processing equipment (MCI, TCO,
SNST,...).

The system is transparent. This means that
it does not ensure information combinations
for user systems. Nevertheless, it can:

-sort and apportion information intended
for different users,

-check the coherence of the data it
receives,

- pass on data cyclically or on a change of
state, depending on the systems to which
it is connected.

The system operates under the control of
a central post {CP) connected to one or
several secondary posts (SP) which may be
installed in the same gecgraphical point to
form a satellite.
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System functions

The medule is used for:

- data acquisition

- transmission of orders triggered in the CP
to SP direction (remote controf or TC)

- cyclic transmission data in the SP to CP
direction (remote testing or TK)

- pass on data to user systems.

Central post

Exchanges to the SP are under the control
of the CP, which interrcgates each SP in suc-
cession.

The remote control orders from the data
processing control module {MC!} are checked
and transformed intc a remote control mes-
sage if the checks are positive.

Operational reliability is ensured by the
duplication of the remote control orders from
the MCI. The coherence of orders befween
one another then makes it posible fo draw up
a remote control message.

By parametering, the system makes a dis-
tinction between two different types of inform-
ation distributions to the coutside world:

1) to signalling users (TCO module), the
check state is transmitted periodically
at a constant time interval (dynamizing)

2) to the operation assistant systems
(SNST) and to the MCI, the check state
is supplied on each change of state.

Secondary position

Acquisition of field entries is cyclically at
constant ntervals.

Remote contro! message reception triggers
(after checking) the activation of the cor-
responding output units.

The transmission of TK states is on inter-
rogation by the CP.

Hardware architecture

The CP is designed on the basis of a SMa0
type mulliprocessor system, itself based on
88000 microprocessor.

Each SP is based on a 68000 micro con-
nected to the various input/output cards by
means of a VME bus.

Exchanges between the CP and the SP's
are through serial transmission channels con-
trolled in the multi-point mode, in accordance
with CCITT recommendation V23.
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The TOURS application

The system includes one CP connected to
16 SP’s.

The various links with the outside world are:

-1 link to the SNST (1200 Bauds)

- 1 link to the AFDIAC {1200 Bauds)

-1 link to the MCI (1200 Bauds)

-3 links to the TCL {9600 Bauds).
approximately 3200 TK's
approximately 850 TC's.

MIMIC DIAGRAM MODULE (TCO)

The function of the TCO module is to
generate and display, on a polychromatic
screen or on a mural TCO (mimic diagram),
signalling controls.

This system consists of the resolution of
lagic equations relating to information drawn
from the posts.

Data acquisition in the posts is through a
standardized data processing teletransmission
system (SNT!) or within a local area by
means of an acquisition system based on the
SNTI.

Module functions

In addition to the signalling generation and
control display functions, the TCO module
ensures:

- acquisition, management and display of

dialogue

- management and display of alarms

- management and display of the date and

time entered by dialogue, or received from
the train describer standardized system
{SNST).

The TCO module can be connected to 4
screens at most and to 4 keyboards. The
number of keyboards is less than or equal t¢
the number of screens (one screen cannof be
allocated to several keyboards}.

Module operating principle

Two distinct processing systems ensure,
independently of one another, the acquisition
of an image. Two images are displayed alter-
nately on the screen. Data acquisition and
image refreshing are cyclic at constant time
intervals (dynamization).

Screen display

The TCO module can handle the maximum
of 20 images.

The images are selected by dialogue on the
screen or screens associated with the key-
board. The same image can be displayed on
several screens,

Module operating tests
Module operating tests are displayed in the
image. These tests are checked prior 1o use
of the safety information displayed in the
image.
The tests involve:
- presence of fundamental colours
-three references, red green, blue, check
the presence of the fundamental colours
and the letters R, V, B, in light blue, con-
firm the right combination of the three
colours
- image alternation
The two images generated by each proces-
sing system are displayed alternately on
the screen. The two images are identical
except for the display indicators in light
blue placed differently on each image and
announcing the operation of the alternat-
ing mode by flashing.
Through this alternation, any disagree-
ment regarding the result of a test, per
formed by the two processing lines, will
result in the flashing of the feature rep-
resentative of the check.
- execution of processing
One of three dark blue indicators (de-
pending on the scale of the installation)
serve to check the perfermance of proces-
sing ({data acquisition, generation of
checks, correct refreshing of images).

Warning messages, control alarms

Certain particular events (not mandatorily
present on the screen at all times) will gen-
erate a warning message or a control alarm,
depending on the scale of the event.

The control alarms, unlike the warning
messages, require the taking of particular
safety measures by the operative.

Hardware architecture

The module is designed from a SM90 multi-
processor system based on 68000 Micro-
processors.

Mcbile capacity
The maximum capacities of the module are:
-16 V24 links
-1 to 4 polychromatic semi-graphic screens
(48 lines of 80 columns)
-1 to 4 keyboards.

TOURS configuration
-1 link (8600 Bauds) with SNTI
-1 link {1200 Bauds) with SNST (time set-
ting and date initialization)
- 2 screens capable of displaying 16 images
-1 keyboard.
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Technical Meeting of the Institution

held at

The Institution of Electrical Engineers

Monday, 15th December, 1986

The President {Mr. J. G. Qehler) in the Chair

The Minutes of the Technical Meeting held in London on 10th November, 1986, were
taken as read and signed by the President as a correct record.

The President then introduced Mr. O. Stalder [S.B.B. Switzerland) and requested him
to present his paper entitled “New Systems for Signalling and ATC in Switzerland”.

New Systems for Signalling
and ATC in Switzerland

By Mr. O. Stalder*

INTRODUCTION

Since the beginning of 1986 trains have
heen scheduled to run at 160 km per hour for
the first time in Switzerland. New signals
allow this scheduled speed to be achieved
between Visp and Leuk on the Simplon line.
Since autumn of the same year, Zurich sub-
urban trains between Wallisellen and Uster
have been controlled by similar new signalling.

From summer 1987 onwards, trains will run
in the Bern and Zurich areas to carry out
practical tests of a new system of “automatic
train control”.

All these applications relate to the testing
of new signalling and ATC systems, which
are being introduced into Switzerland for the
first time. The need for these systems arises
from new operating requirements and experi-
ence, and they will improve operational con-
trol. They were specified by the Swiss Federal
Railways and the Bern-Létschberg-Simplon
Railway and testing is also being carried out
jointly. The first part of this report describes
the signalling system and the second the ATC
system. Details are given regarding the back-
ground, objectives, the chosen solution, oper-
ation and economics for both systems.

SIGNALLING SYSTEM
Background

The Swiss Federal Railway network com
prises about 3000 route kilometres, on most
of which trains can travel at 125 km per hour
On 180 km of the network speeds are at 140
km per hour, and since the end of January
1986 on 17 km at 160 km per hour. As part
of the new service policy in Switzerland
known as RAIL 2000, stretches of line with an
upper limit of 200 km per hour are planned.

For the regulation of traffic and to ensure
the safety of trains, only fixed signals are
used. Existing signalling has developed prag-
matically from current operating require-
ments. Originally, the system used was based
on “advance” and “main” signals, but in the
course of time this developed into a speed-
based system with the possibility of combined
signals, i.e. those which incorporated both
“distant” and “home™ signal aspects. The
maximum speed is indicated by a green as-
pect. The speeds permitted at any particular
location are known by the loco driver from
the working timetable. If speed has to be

* SBB Switzerland.



80 NEW SYSTEMS FOR SIGNALLING AND ATC IN SWITZERLAND

reduced because of the route selected (e.g.
pointwork), then permission to proceed and
maximum speed are shown by colour light
codes. These signal aspects do not represent
rigidly defined speeds, but must be interpret-
ed by the train driver taking into account the
type of train and to some extent the location.

These types of signal lights were intro-
duced 50 years ago. The components used
correspond essentially to the state of tech-
nology at that time, and since then they have
only been updated in certain details. The 20
watt/40 volt lamp is supplied with DC pow-
er, and up io six lamps may be illuminated at
a time on any signal post.

The RAIL 2000 concept requires the signal-
ling to permit higher maximum speeds with
additional intermediate speeds and a higher
traffic frequency. To upgrade the existing
system for this purpose would have meant
that the current deficiencies in the system
would have been magnified: e.g. more comp-
licated illogical colour codes causing risk of
unsafe confusion between aspects, and bet-
ween “distant” and 'home"” signai aspects
on a single signal post.

An internal SBB working group therefore
developed a new signalling system with the
objective of meeting the new requirements
and overcoming the existing deficiencies. This
team worked in co-operation with the Psycho-
logica! Institute of the University of Bern and
concentrated in particular on the question of
the compatibility of the new with the existing
system.

A survey of signalling systems throughout
Europe gave the group a broad view of pos-
sible approaches, and they found that the N.S.
system was of particular value.

The New Signalling System

The new signalling system indicates to the
train driver the permitted speed; it is thus
a speed-control signalling system. Each signal
indicates permission to proceed at a permit-
ted speed. All signals are “combined” signals,
i.e. each is a “distant” signal for the next.

At any time these signals show only red,
yellow or green colour lighis representing
‘stop’ or ‘permission to proceed’. A yellow
number with a green or yellow light indicates
the permitted speed and the permission to
proceed. Fig. 1. shows the most important
signal aspects.

The normal maximum permitted speed at a
given location (depending on the braking
characteristics of the train) is obtained by the
driver from the working timetable. The cor-
responding permission o proceed is c¢on-
veyed only by means of a green light (“all
clear”). As at present, other local speed
restrictions due to curves and work on the
track are indicated by means of signs.

Speeds which are dependent on the route
signalled and which are lower than the maxi-
mum in the working timetable, are displayed
by illuminated figures showing one tenth of
the permitted speed (8.g9. 6 for 60 km per
hour or 14 for 140 km per hour). These
speeds apply to all trains and must not be
exceeded.

The speed information thus displayed may
be:

a) dependent on the route signalled, e.g.
the permitted speed for a movement
over points leading off the mainline. By
rounding up to the nearest ten, standard
speeds over points in the ‘normal’ posi-
tion can be established at either 60 km
or 80 km per hour. On the other hand,
for points in the ‘reverse’ position, or in
a curve, the permitted speeds can be
graduated in 10 km per hour steps,
dependent on the track gecmetry.

b} dependent on braking characteristics,
where, because the intervals between
signals are inadequate for the maximum
speed, braking may be spread over
several sections.

At a given signal, only one speed indication
is given beside the aspect for the permission
fo proceed, and always the most restrictive of
the possible speed indications.

Flashing lights are not used to give per-
mission to proceed.

Fig. 2. shows three signalling examples.

Psychelogical Principles

This system fulfils four psychological prin-
ciples.

1. Unambiguous Control Indications:
An unambiguous indication is given to the
driver as to whether he should proceed
in accordance with the working timetable
(so-called ‘internal’ control) or accord-
ing to the signalled speed (so-called
external’ control).
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CAUTION

At a distance, which is at least
equal to the braking distance there
is a signal at danger,

STOP

ALL CLEAR: Advance at the maximum
speed indicated in the working timetable,

Movement permitted at the speed
indicated bv the figure displayed x 10,

SPEED ADVICE The speed shown applies
from the following signal

SPEED LIMIT APPLICATION
The speed shown applies from the

signal concerned

Signalling on "short block” sections

EARLY WARNING: The first signal shows
an early warning. the next in sequence

(second) gives a warning, and the
third “stop”,

Fig. 1. Signal aspects and their m&aning.
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Entry over points set "reverse"

the train to stop before the starting signal.

B

\\\60 “‘4!'!:! 40

Entry and exit over points set "reverse™

Entry speed higher than exit speed.

B8]

\ |/

Entry and exit over points set "reverse"

Entry speed less than exit speed.

track 1ayout — e————e——fp train route

Fig. 2. Examples of signalling.
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2. Emphasis on driving competence:

The abilities of the driver are recognised,
in that specific knowledge of the route
and the details of the working timetable
are not included in the signalling system
and reliance in these argas is placed
on the drivet.

3. Immediacy of information requiring action:
Those signals which require action to be
taken by the train driver are displayed
at the point where the action required
must be implemented.

4, Succingt information:

Only straightforward and clear information
is displayed.

Movements carried out under interpal con-
trol are always signalled with a green light
alone. The emphasis on competance is adopt-
ed under internal control and speed limits
prescribed in the working timetable are not
displayed in the signalling system, because
changes in these speed limits are known to
the driver from the relevant regulations and
his knowledge of the route.

For all other signal aspects, 8.9.:-

— red light: Stop

— vyellow light: Caution

— yellow light and illuminated figure: Warn-
ing of speed restriction

— green light and illuminated figure: Speed
adjusted as required; the driver is travel-
ling under ‘external” control and he
receives all informaticn about permitted
speed limits from the signals.

The succinctness of this information is
achieved through the clear segregation of
signal aspect under internal and external con-
trol. Speeds are shown directly with figures,
and because two different speed indications
cannot be given at a single location, the risk
of confusion is eliminated.

Applications

The new system is designed with the follow-
ing future applications in mind:

a)} In order to achieve the required intervals
between trains on the new extension of
the Zurich suburban system, a particular
signal aspect is used to give advance
warning in the areas of stations with
short block sections. This is because of
the large number of block section sig-
nals which have o be observed at short
time intervals. The demanding task of

driving a train will be made substantially
easier by the simple signal aspects of
the new system.

b} Under the project RAIL 2000 the system
will be used for all cases where the
speed limit is 160 km per hour or will
be raised to this level in future. For the
speed range above 160 km per hour,
cab signalling is envisaged. Using the
new signalling just described, it is quite
easy to convey the speed indications at
trackside signals using a simple code to
cab signalling equipment (see section
on ‘Automatic Train Control').

The objective of the new signalling system
is to make the information tor the driver con-
sistently recognisable. To this end, modern
technology is used, which will also help to
reduce the cost of the complete system cover-
ing signalling - communication - contrel room.

For the permission to proceed, caution or
stop aspects, only a green, yellow or red
light is illuminated. The three lamps are
accordingly assembled in one compact unit
which can be readily adjusted. The light
sources used are 20 watt/12 volt double
filament lamps which are 50% more efficient
in terms of illumination and reliability than
those previously used. For the display of the
figures giving the speed limit steps, a 50 watt
/10 volt halogen lamp is used, whose light
is conveyed through optical fibres, which
grouped together form the required figurs.
Both colour lights and the figures are protect-
ed with heat resistant glass sc that reliable
indications can be provided under all climatic
conditions.

By using AC transmission of energy, it is
possible to use thinner cables (requiring less
copper} and to provide control over greater
distances. By using suitable relay techniques
the system has been designed so that in the
event of technical failures the clear or caution
aspect is shown as long as possibie (i.e oper-
ation can continue) and only when necessary
is ‘'stop’ displayed.

With the new signalling, the elements are
so designed that components can be readily
exchanged and checked at low cost in the
workshop. The same signal structures are
used as at present, but as the signals are
smaller, loading guage problems are reduced.
This allows the signals to be arranged so that
they will be mere visible and less often ob-
structed. Fig. 3. shows a signal for the new
system.
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Fig. 3.
{Photo: Integra Signum AC)

The economics of the new system have
been investigated in detail. The estimated
costs for the existing system were compared
with the corresponding costs for the new sys-
tem and a variety of alternatives evaluated.
These comparisons show that savings of bet-
ween 10% and 20% are achievable. The con-
version to the new system appears to be eco-
nomically worthwhile, because long term cap-
ital and maintenance cost will be_lgwer.

A new signhal.

The next steps

The new signalling system is being tested
in three regions during 1986/87 on the sec-
tions from Leuk to Visp and Wallisellen to
Uster as well as the Zollikofen station. In this
way, practical experience will be gained for
the operation and implementation of the sys-
tem. A decision on its introduction will be made
after the conclusion of the triais.
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Forgetiulness, misinterpretation, or failure
to observe a signal aspect is possible with
any system. On the basis of both theoretical
considerations and practical experience, one
can be confident in saying that a new piece of
information is most likely to be correctly
interpreted if its entry info the system im-
mediately precedes the required action. No
trackside signalling system, which can only
transmit information at particular points, can
fully meet this requirement, because the inter-
vals between signals must be related to the
maximum permitted speed and the target dis-
tance required to bring the train to a bhalt,
which determines the position of the caulion
aspect. Experlence shows that this aspect
can be overlooked, although in general, brak-
ing must start at that signal. The greatest
safety is achieved if signalling systems using
trackside signals are supplemented by speed
surveillance. With such an installation it is
possible to prevent irregularities which stem
from failure to observe signals or incorrect
interpretation of them. On this account, work
is proceeding in the SBB on the new ATC
system.

AUTOMATIC TRAIN CONTROL

Background

The execution of the commands conveyed
by the signals is the respensibility of the
driver. This railwayman, like every human
being, is not completely reliable in his actions.
In contrast with many mistakes which in
everyday life often have no further con-
sequences, his mistakes can have fatal results.
with modern methods of operaticn and pres-
ent enviromental influences, human reliabitity
alone is inadequate in such cases.

A number of accidents have occurred in the
last few years in Switzerland which have
called attention to this fact. An internal work-
ing group was therefore set up to specify an
improved ATC system.

Gver the past fifty years, the SBB has been
using an automatic warning system (AWS).
This has been improved in a variety of ways,
its application extended, and the driver is
now given an optical and accoustic warning
in the cab at every signalied speed restriction.
Provided he acknowledges the warning, he
can continue to drive unhindered. By his
response, he shows that he is capable of
action, but if he ignores the warning, an

emergency brake application is made auto-
matically after 100 metres, which brings the
train o a halt. The same emergency brake
application is initiated in any case if he pas-
ses a signal at danger. For signal aspects
which do not invclve any speed reduction,
no information is transmitted to the train.

Both aspects are transmitted induclively
from the track to the train. The energy req-
uired for the interrogation of the information
comes from a permanent magnet mounted on
the lccomotive. At the trackside the field of
this magnet induces an electric current in a
receiving coil. This current excites a trans-
mitting coll whose circuit is closed or open
according to the aspect of the signal. On the
train the signal information is decoded from
the polarisation of the magnetic field of this
transmitting ¢oil. Signals which set off a warn-
ing on the locomotive are relatively frequent,
and the acknowledgement of such signals
tends to become an automatic habit for the
driver; this has already led to serious accid-
ents. Because a large investment has recently
been made in the existing AWS, the objective
given to the working group has therefore been
to upgrade the existing AWS so that speed
limit infractions which could lead to danger-
ous situations are prevented.

Meanwhile, the upgraded system must
achieve a favourable cost benefit result with
gocd operational performance and high re-
liability. The investigations included the results
of experiments which had been undertaken
during operating ftrials with track-to-train con-
trol in accordance with ORE A 46, RP§ (DB
version}. These trials were terminated in 1981,

The New ATC System

Accidents and a variety of possible solu-
tions were analysed. The most promising solu-
tion emerged as the improvement of the exist-
ing AWS by an additional transmission chan-
nel and an electronic braking distance
monitor on the train. Proposals based on sys-
tems which have been implemented were
used as the starting point.

Experience shows that speed infractions
which lead to dangerous operating situations
arise most frequently in the braking phase,
and therefore in the range of speed up to
160 km per hour only the braking phase is
monitored. In this way, not only can the
safety margin be improved and other invest-
ment with safety objectives in the infrastruc-
ture be diminished, but also the braking phase
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Fig. 4.

Principle of surveillance for the

signal sequence ‘Caution’ to 'Stop’.

can be extended over several signalling sec-
tions. For speeds over 160 km per hour an
indicator is provided in the cab with continu-
ous surveillance of the permitted speed.

Method of Operation

In describing the method in which the sys-
tem functions the signalling situation 'caution-
danger’ is examined (see Fig. 4.). At a signal
showing caution, a braking curve is calculated

on the train. This takes account of the charac-
teristics of the train (iype of braking, braking
ratioc}) and the characteristics of the track
(gradient, target/distance and target speed).
The train data is fed in by the driver at the
commencement of the journey. Data relating
to the track is transmitted to the locomotive
at the signals.

From these two sets of data, the monitoring
curve or application curve for the emergency
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]

Train control equipment

Criver equipment and indications

Tachcometer

Output for the operation of the emergency brake
Cutput for the interruption of traction current
Rerial for transmission and receiving

Information spot, can also work continuously
(represented as an option by a dotted lime).

Signal-adaptor (on an existing signal).

High frequency telegram transmission with
safety code.

Fig. 5. Outline of the system.
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Fig. 6. Keyboard and display of the train radio equipment.
{Photo: Brown Boveri)

brake is calculated. If the actual speed ex-
ceeds this curve (i.e. when the driver has not
reacted correctly), the brakes are automatic-
ally applied, so that the train is brought to a
halt before the danger-point {signal or set of
points). The driver is in normal circumstances
not hindered in his driving by this monitoring,
provided he reacts and behaves correctly. He
can, in certain situations, forestall this sur-
veillance or it can be automatically released
when the signalled speed reduction has been
achieved. In these conditions, the driver can
continue to the next information-point under
his own responsibility. When the equipment
initiates a braking action, this can only be
terminated after the train has been brought to
a hali.

Technical Design

Fig. 5. shows the main elements in the
system. The trainborne equipment includes
the following elements:

Train equipment, driver equipment and indic-
ations, tachometer, aerial for transmission
and reception and interfaces to other equip-
ment.

Through the driver equipment, train charac-
teristics (type of braking and braking ratio)
are input and the maximum speed shown. The
characteristics are entered through the same
equipment as is provided for train radio (Fig.
6.). The train aerial radiates high frequency
energy to the trackside equipment and also
receives ‘telegrams’ with track information
when passing the equipment. The train control
equipment processes track and train data in
relation to speed (transmitted from the tacho-
meter) and activates if necessary the emer-
gency brake or interrupts traction current.
For the speed range up to 160 km per hour,
the train equipment has a single channel; the
cab signalling is designed as a safety system
in terms of specification and manufacture.

The track equipment consists of inform-
ation-spots which radiate spot or continucus
data telegrams to the train and of ‘signal
adaptors' added on to the existing trackside
signalling system. The signalling information
is obtained in an energy-saving manner from
the lamp circuits, while the fixed track data is
proegrammed into the trackside equipment.
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The system is built up exclusively on the
existing cable circuits, and costly additional
circuits for transmission of energy and data
arg not required. The moving train activates
the trackside equipment with its continually
radiated high frequency signal, and the
trackside equipment forms a telegram from
the track data and transmits this in another
high frequency range. The telegram s
received in the train control equipment
through the train aerial. The track equipment
therefore functions as a transponder. The data
telegram is received at least twice in its com-
plete form at 200 km per hour and trans-
mission is made secure against possible dis-
tortion through an error correcting code. In
this way, It is sought to achieve transmission
of a 'safety’ quality in signal engineering
terms.

Dynamic Surveillance

A procedure for surveillance of the speed
is initiated by the spot transmission from the
trackside equipment, and continues until the
brake application is completed. Not uniil a
new interaction starts {e.g. at the next signal})
is new data transmitted and the surveillance
therefore terminated or corrected. When he
encounters a signal aspect indicating ‘expect
to be stopped’ (caution) the driver can fore-
stall the surveillance after he has reduced
speed to 40 km per hour through a special
procedure. The train control equipment does
not react to a change in the signal aspect
which starts after the train has passed and
which, for example, allows a higher speed
This factor is, in some circumstances, critical
for operational performance, although it is
without significance for most of the possible
points of interaction at signals in the network.
However closely the trains may follow each
other, the spatial interval between them must
be maintained.

Where high service densities must be ac-
comodated, in particular around junctions
and where conflicting train movements can
jeopardise the stability of the timetable, the
surveillance mode can, with the aid of ad-
ditional technical facilities, be suspended in
anticipation, or put into operation again.

This can be achieved in two ways:

a) By providing additional information
points between signals (so called points
of disengagement) which have the
functions of repeater signals. Such
points of disengagement are possible

without cab signalling below 160 km
per hour within the visible range of
signals, and they transmit the most up-
to-date information available to the train.
It is also possible to provide several
poirts of disengagement one after
another.

b) With continuous transmission of signal-
ling or 'disengagement’ information be-
fore the signals concerned, it is possible
to transmit a change of signal aspect to
the train at any time. Because of the
cost involved, this possibility is only
adopted where extremely high irain or
signal densities are involved {e.g. the
new extension of the Zurich Regional
Express System, where signals frequently
change aspect within the range of vision
of the driver. The information is trans-
mitted from an inductive loop between
the rails (operating at the same freg-
uency as for information points).

Equipping the Network

The system also allows permanent (as on
curves) and temporary (as at working sites)
speed limits to be supervised. In addition,
other operating information can be transmit-
ted to the train, e.g. channel changing for
the train radio.

It is envisaged, initially, to supervise oniy
critical braking phases between two signals
{in particular home signals} on the existing
network below 160 km per hour. After the
system has been tested, its introduction can
be achieved in stages as required, for exam-
pte, by specifying the types of track and roll-
ing stock to be equipped, so that the signai-
ling sections thus fitted can immediately be
used by the rolling stock so adapled. Signal-
ling sections and trains which have not been
equipped will, as before, be supported by the
existing AWS. A range of variations in the
installation will make possible a subsequent
enhancement of the spot-based system in two
directions:

a) The inclusion of further signalled speed

reductions until AWS has been fully
replaced and of surveillance of curves
and site works.
Equipping for continuous speed sur-
veillance over the range 160-200 km
per hour, which would be restricted to
the trmains and sections of lines con-
cerned.

b

—_—
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Each of these additional stages could be
provided according to need and taking ac-
count of the cost implications. The system
makes it possible to add these functions with-
out affecting the basic installation.

Economics and the next steps

As part of the economic evaluation of the
new ATC system, the capital expenditure and
gifect on the costs of accidents were investi-
gated. From the analysis of accident costs
from 1965 to 1984 a range of expected finan-
cial liability was established for the year 1891
without and with ATC {with higher train per
formance}. A comparison with the capital
cost showed that the annual charge of the
proposals lay in the same range as the re-
duction in accident cost. ATC will have a
positive influence on the level of safety on
the SBB. Market research has shown that for
all market segments of passenger transport,
the safety of the customer is one of the most
important reasons for choosing to travel by
rail. On these grounds the introduction of the
system is supported.

As a result of a tendering exercise system
ZUB100 produced by AG-Brunswick {Federal
Republic of Germany} was chosen. The ATC
syslem was specified in detall for the SBB
and 8 locomotives and about 30 signal instal-
lations (including 4 with continuous transmis-
sion from a loop) were ordered for trial. The
trials will proceed from the middle of 1987
until 1988. If they are successful, it is envis-
aged that the first equipment for the Zurich
Regional Express system will be ordered im-
mediately afterwards. For the production
equipment, the firm Integra Signum AG, Wal-
lisellen, as licence holder for the equipment,
will be the principle contractor.

The system proposed uses the existing
automatic warning system as a starting point,
building up on the functions of AWS, This
AWS wiil, where necessary, be upgraded with
elements which can be added as required
taking into account operational, time, or finan-
cial phasing requirements. In this way the
standards aimed at on individual lines or types
of train can be chosen.

All the targets set are achievable, in par-
ticular the requirements for the Zurich Regien-
al Express system and for Rail 2000. The cap-
ital investment necessary for these two partic-
ular cases can be limited to the stretches of
line and the trains concerned, without further

extension of the system to the rest of the net-
work being necessary. By setting priorities
appropriately, a relationship between cost and
benefits will be achieved which will ensure
that the annual cost of the new system is
comparable with the accident liabilities thus
avoided.

The positive influence on the level of safety
of the proposal is important, since market
research has shown that for passenger trans-
port the safety aspect had a high value in the
choice of mode.

CONCLUSIONS

The two developments for this new signal-
ling and new ATC have shown for the SBRB,
that with the aid of new technology, existing
operating arrangements can be adapted to
meet new requirements, In this context it is
important to analyse the operational require-
ments to establish their real content as well
as to abandon obsolete practices and to ex-
ploit the possibilities of new techniques
sansibly. In order for such an approach to be
successful, the signal engineer must have a
fundamental understanding of operating re-
quirements, must work in an innovative fash-
ion (both from the operating and the man-
agement point of view) and be capable of
selling new ideas and methods to the oper-
ator.

How far this has been achieved in relation
to signalling and ATC in Switzerland | am
confident will be shown by the results of the
trials. | would like to thank all my col-
leagues who have contributed fo this report,
for their support, the management of the SBB
for permission to present it and LUL for its
translation into English.
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DISCUSSION

Opening the discussion, Mr. E. O. Goddard
asked about sighting problems with the
numerical speed signs. The importance of
distinguishing between the numbers 6 and 8
could be difficult, as were the signs used for
temporary and permanent restrictions of
speeds.

Trains intended to work at over 160 km/h
were being fitted with cab signalling. There
was often a need for short headway working
in lower speed areas. Was it intended to
equip trains in, for example, the Zurich
Reglonal Express area with cab signalling?

Mr. Stalder replied that the numerical
signs were 50 ¢m in height, giving a sighting
distance of at least five seconds for trains
below 160 km/h. Their design was based on
road highway experience, to clearly differ-
entiate between possibly ambiguous displays.

Permanent speed restrictions, such as on
curves, were indicated by signs. Above
120 km/h there was a single sign. Below
120 km/h there might be two or more signs
appropriate to the type of train. The driver
had the responsibility of using the correct
one. The system might be adjusted slightly
for a new signalling system, balancing any
time savings against increased cost.

Working sites had an advance warning of
the restricted speed and demarcation of the
beginning and end, a downwards arrow to
indicate acceleration. Night indications were
flashing yellow and green lights.

For working speeds of over 160 km/h the
cab signalling was fail-safe, with a continuous
check on speed. On lower speed lines,
especially the Zurich Express Region, trains
would be equipped with the new ATC, but
this was regarded only as a second inform-
ation channel. 1t was not to fail-safe stan-
dards because reliance was placed on the
driver.

Mr. H. Worsley asked how the driver knew
where the various speed ranges operated,
both when braking and when able to accel-
grate.

Mr. Stalder replied that the signalling
advised the driver when approaching a spsed
restriction so that he could brake to the
intended speed at the indicated position.
When the limit was raised he would continue
at the reduced speed until he could see the
new aspect and all of his train had passed
the restriction. The maximum speed was
shown in the working timetable.

Mr. M. E. Leach asked if lamp proving was
provided for the illuminated figures.

Mr. Stalder replied that each speed number
used one lamp, with a possibility of four
lamps available, such as 4, 6, 9 and 14. On
failure, the signal aspect automatically fell
to yellow, which had a double filament. If
the yellow failed then the aspect reverted to
red. This improved availability.

Mr. R. Pope asked what checking was
provided on the train characteristic inform-
ation fed in by the driver, especially the
braking parameters and how much ¢ontinuous
monitoring was installed.

What experience had there been of viewing
the fibre optic signals in bright sunlight and
at night. At 160 km/h, the viewing distance
at five seconds was 250m which might cause
problems.

In reply, Mr. Stalder stated that input of
train characteristics was recognised as a
critical problem. A lot of plausihility checks
occurred in the input process. It could be
circumvented, but was on record.

At big junctions, such as Basel and Bern
and in the Zurich suburban area, continuous
monitoring was provided, but not elsewhere
for economic reasons. On long stretches of
plain track with block sections, drivers would
adjust their speed in order to proceed with-
out hindrance.

It was not yet certain that the fibre optic
signals were satisfactory under all conditions
of viewing above 160 km/h. 1t was possible
that safe ATC would be needed on loco-
motives working above 140 km/h, so not
relying on visual signals.

Mr. G. J. W. Meecham asked if there were
any safeguards for missed markers.

There appeared to be a message telegram
time of about 5 milliseconds, which required
a high transmission frequency. Were there
any problems with interference and with
interference and with propagation along the
track.

Mr. Stalder replied that telegram trans-
mission was at 50 kHz and the locomotive
sending frequency was 100 kHz. Experience
with other systems at 35 kHz suggested that
there should be no problems with inter-
ference. The maximum propagation distance
in the loop would be about 400 m, depending
on the weather.

For 180 km/h working the system was
continuous, each marker indicating when to
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expect the next, with automatic braking if
a marker was missed or not working. Between
markers reliance was placed on a tachometer
on the train.

Mr. A. A. Cardani asked if thers was a
space problem in providing the separate
figures in one display.

Were the two filaments of the double
filament main signal lamp of the same rating,
and were they connected in parallel?

It was important that the design hraking
characteristic was as realistic as possible, to
obtain close headways without causing
unnecessary interference. How was this
achieved?

In reply, Mr. Staider said that the two lamp
filaments were fed separately from the inter-
locking, the reserve being switched on auto-
matically when the first filament failed. They
were optically in line.

Separate lamps werg provided for the 4
and 14 indications, which were overlaid,
together with any others required.

Testing was continuing on hraking charac-
teristics and it was thought that c¢lose
tolerances could be achieved.

tMr. R. E. B. Barnard noted that, in figure 4,
the surveillance curve, concerned with ap-
plication of the emergency hrake, did not go
down to zero speed at the signal, apparently
allowing a slow speed train to over-tun the

signal. The present AWS gave emargency
braking of any train passing a red signal.

In reply, Mr. Stalder said that there had
heen much discussion on forcing a driver
down to zero speed. It had been decided to
cease the surveillance monitoring below 40
km/h. This enabled the driver to cancel any
imposed restriction and to accelerate again.
If the signal was over-run at red there would
be an automatic emergency brake application.

Mr. K. Donnelly asked if it was thought
that the system of signal aspects described
could form a good European Standard.

Mr. Stalder responded that, although theor-
etically possible, in practice there was so
much variation in approach, probably related
to national psychologies, that a uniform
standard was highly unlikely.

Mr. 8. Hall asked i the driver was given
information on recommended speed to keep
within the surveillance curve, to avoid trig-
gering the automatic brake application.

Mr. Stalder replied that experiance had
shown that, when recommended spesed was
indicated, drivers tended to keep to close to
the curve and get caught out. This was un-
desirable. It had been decided to keep to
only indicating the target speed, and possibly
the target distance, relying on the judgement
of the driver.
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Technical Meeting of the Institution

held at

The Institution of Electrical Engineers

Tuesday, 13th January, 1987

The President {Mr. J. G. Oehler) in the Chair

The Minutes of the Technical Meeting held in London on 15th December, 1986, were
taken as read and signed by the President as a correct record.

The President then introduced Messrs. R. D. Hollands and D. Barton [Westinghouse
Signals Ltd.) and requested them to present their paper entitled “Continuous Automatic

Train Control with Microprocessors™.

Continuous Automatic Train

Control with Microprocessors

By Messrs. R. D. Hollands* and D. Barton*

INTRODUCTION

As the populations of cities increase, de-
mand for better public transport grows. Transit
authorities are under constant pressure to
provide a more intensive service. This paper
describes how the ubiquitous microprocessor
is being used to help satisfy these demands.
The system to be described is in parts already
in passenger service in Barcelona, and as a
total system package is being installed in
Singapore.

AUTOMATIC TRAIN CONTROL

The overall philosophy of the Automatic
Train Control system is remarkably similar to
that of previous generations ot equipments.
The microprocessor has however made pos-
sible a system which has many more safe
speed channels, is smaller in size, and is
more flexible than was previously possible.
The main system features are shown in Fig. 1.

*Westinghouse Signals Limited

JOINTLESS TRACK CIRCUIT

In a modular Automatic Train Control sys-
tem the foundation to which all other modules
are added is the track circuit. The FS 2000
Jointless Track Circuit on which the Westing-
house train control system is based has been
the subject of a previous paper to the
Institution. {1}

Briefly, the track circuit operates on one of
8 carrier frequencies in the 4 to 6 Khz range,
and is suitable for AC and DC electrified sys-
tems. The track circuit carrier frequency can
be modulated using Frequency Shift Keyed
techniques at one of 14 frequencies by the
additicn of Code Generators.

Modulation frequencies in the range 28 to
80 Hz (at 4 Hz intervals) are sent via the
code selection circuits and are used to con-
vey safety speed data to the train. The carrier
frequency of the Jointiess Track Circuit is
shifted by plus or minus 40 Hz from nominal,
and the rate at which the frequency shift
occurs is the modulation rate.
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AUTOMATIC TRAIN
SUPERVISION
CONTROL CENTRE
Fig. 1. Automatic Train Control simplified system diagram.
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To eliminate the possibility of Automatic
Train Protection {ATP] equipment responding
to modulation frequencies in an adjacent
track, different carrier frequencies are used
for the ‘UP’ and 'DOWN’ lines. On start-up,
the ATP equipment responds only if a clear,
single-carrier code is present. The carrier
frequency then indicates whether the train is
travelling on the 'UP’ line or the ‘DOWN’ line.

The ATP signals are transmitted by each
track circuit to the train using an alternating
carrier frequency sequence, either 11/13/16 or
f2/t5/f7. The sequence cannot be changed
unless a transfer frequency (f4 or f9) is re-
ceived, usually at points and crossings and
transfer areas. These rigid sequence rules
are used within the ATP system to detect
cross talk and mixed code fault conditions.

DIGITAL SIGNAL PROCESSING

The Jointless Track Circuit receiver, Code
Generator, and the train carried ATP systems
utilise microprocessors o perform a full
analysis of the complex Frequency Shift Keyed
signal, using Digital Signhal Processing tech-
niques. It is only by using a microprocessor
that such a signal can be processed, especial-
ly to make sure that the signal is Frequency
Shift Keyed and not Amplitude Shift Keyed.
This is a very important function because the
carrier and side bands generated by both
types of modulation are very similar. Electric
traction systems can conceivably contain
Amplitude Shift Keyed type interference,
especially under fault conditions.

Digital signal processing involves the con-
version of data from the time domain to the
frequency domain. The method used in this
eguipment is known as the Fast Fourier Trans-
form’. Many time related samples of the signal
under analysis are taken and ‘transformed’
into a frequency spectrum.

The Digital Signa! Processing technique
allows many closely spaced frequencies to be
accurately discriminated. Whilst it might be
possible to use traditional LC filters, the
physical size of the filter elements would not
produce a practical design. Fig. 2. shows the
comparison of a single LC filter with the
required frequency discrimination and the
Modulation Detection card used in the ATP
system being described.

This clearly shows the practical advantage
of a microprocessor system for frequency
discrimination circuits. There are other ad-
vantages, in that drift with temperature no

longer exists, and a bank of 14 such LC filters
would cost at least five times as much as the
printed circuit board.

AUTOMATIC TRAIN
PROTECTION (ATP)

The prime function of the ATP train carried
equipment is to constantly monitor the maxi-
mum allowable safe speed {conveyed by the
Jointless Track Gireuit) and train speed, to
ensure that the train is never in an unsafe
condition of overspeeding. A secondary func-
tion of the ATP is to provide indications,
alarms and information to the train operator.

With a maximum of 14 ATP codes available
it is possible to provide a flexible and easily
adjustable system (Fig. 3.). The codes are
organised such that between each maximum
safe speed there is a target speed code, thus
enabling continuous ATP protection under all
speed code conditions.

The equipmeant consists of two sub-systems,
Systern 1 and Systemn 2. System 1 is designed
as a safe single channel microprocessor sys-
tem, System 2 is based on redundancy and
cyclic checking techniques. The two systems
perform the same safety functions independ-
ently of each other and in a dissimilar manner.

The nature of the design and implement-
ation of functions between these two systems
provides exceptionally effective protection
against common mode failures.

The two independent systems receive ATP
signals from the trackside equipment via
separate ATP antennae, and train speed sig-
nals from the tachogenerators. If safe con-
ditions are present, the ATP system holds up
emergency brake relays, which, via train con-
trol circuits, hold off the emergency brakes
and allow the train to proceed.

The equipment contains an exiensive self-
monitoring facility which, at power-on, or mode
selection, carries out a sequence of checks
to prove the equipment is functioning correct-
ly. In addition, it will carry out checks of the
software and hardware during the normal
operating cycle, to enable faults to be
detected.

Two ATP antennae are required per leading
car and are mounted so that they are position-
ed over each running rail ahead of the leading
wheels. The antennae receive the frequency
shift keyed ATP signal, defining the Maximum
Safe Speed and Target Speed, and pass it to
the train carried ATP unit.
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The speed of the train is measured by two
tachogenerators mounted on separate axles.
They achieve the speed measurement by
means of a transducer, which produces pulses
which are frequency dependent upen the
speed of the train.

The ATP unit is powered by the train battery.
Within each sub-system, a power supply filiers
the battery voltage and converts it to several
lower, stabilised voltages which are then used
to power the electronics in that subsystem.

During the operation of the train, the wheels
wear and reduce in diameter. This causes an
alteration in the accuracy of the speedometer
indications and the train speed at which the
ATP overspeed emergency brake application
and indications occur. To make allowances
for wheel wear, Wheel Diameter Correction
switches are fitted to the ATP system, and
adjust the speed determining circuits so as to
offset the wheel wear. This action is usually
required only after the wheels have been
machined to correct the profile,

SYSTEM 1
As shown in Fig. 1., System 1 forms part of
the Automatic Train Protection System and is
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designed to fail safe principles, both in the
hardware and software design. lts principle
function is to prevent the train from over-
speeding.

System 1 receives Automatic Train Protec-
tion (ATP) signals from the ATP antennae
mounted on the front of the train, and train
speed signals from tachogenerators mounted
on the axles. The ATP signals carry coded
information about the target speed and the
Maximum Safe Speed of the train. The driver
has a mode selector of No mode, Restricted
Manual, Coded Manual or Automatic Train
Operation. When Coded Manual or Automatic
Train Operation is selected then comparison
is made between the actual train speed and
the maximum safe speed derived from the
ATP signal. When Restricted Manual is select-
ed, then comparison is made between the
actual train speed and the maximum manual
speed. Exceeding the maximum safe speed
in the former case and restricted manual speed
in the latter case results in the release of the
Emergency Brake Relay. Selection of No Mode
or a failure in the Safety System which could
result in unsafe operaticn also results in the
release of the Emergency Brake Relay.
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PRIMARY CONTROL RESTRICTED CONTROL
SPEEDS SPEEDS

4 NS AY

— 80/79

80/64

4510

30/0

Fig. 3. Typical ATP code sequence chart.
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The Safety System contains the following
modules and printed circuit cards (see Fig.4.).

Code Detection Module

The function of the Code Detection Module
is to establish whether there is a valid Freqg-
uency Shiit Keyed signal present on the input
from the antennae and to establish the modu-
lation rate of that Frequency Shift Keyed
signal.

The Frequency Shift Keyed signal is passed
through a series of analogue filters, a limiter,
and an analogue to digital converter. The
signal is sampled and a Fast Fourier Trans-
form is performed on the sampled data. The
result of this Fast Fourier Transform and data
on previous carriers is to establish whether:

a) anh acceptable sequence of Frequency
Shift Keyed carriers has been followed.

k) No Frequency Shift Keyed carrier is
present.

This data is passed to the Logic and Output
Module via the system data bus. The inform-
ation on the bus is transmitted in a safe man-
ner using Hamming codes to check for cor-
ruption.

Tachogenerator Processing Card

The Tachogenerator Processing Card con-
sists of two identical, but independent chan-
nels, each performing a broad band spectrum
analysis on the received signals from the tacho-
generators.

The integrity of the tachogenerator is proved
by sending a tone from the Tachogenerator
Processing Card to the primary of the percep-
tion head. The toothed wheel turns with the
train axle, and the teeth passing the percep-
fion head produce an AC waveform which
mixes with the proving tone. This waveform
is received back by the Tachogenerator Pro-
cessing Card for processing.

The incoming signals are converted to freqg-
uency domain by a Fast Fourier Transform
and the signal examined for:

a) correct frequency and amplitude of

proving tone

b} correct level of tachogenerator signal

and its frequency

¢} any extraneous signals.

If the signals after analysis are satisfactory,

the data representing the position of the

tacho signal in the frequency spectrum Is

passed via the data bus to the Logic and
Cutput Mocdule.

Logic and Output Module

The two main functions of the Logic and
Output Module are:-

a) determine in a safe way the state of the
mode selection switches

b) using the data from the Code Detection
Module and Tachcgenerator Processing
Card to safely determine in which stale
to control the Emergency Brake Relay
and Zero Velocity Relay.

The mode selection is performed by send-
ing AC signals over the mode selection con-
tacts and examining the level and frequency
of the signal received back at the safety
system.

The information sent from the Code Detec-
tion Module indicates which modulation and
carrier frequency is being received in the
ATP signal If it is not possible to safely de-
code the modulation, a message is transmit-
ted from the Code Detection Module to the
Logic and Qutput Module to indicate whether
this is due to a faillure in the hardware or due
to no valid code being received from the
track.

The signal from the Tachogenerator Pro-
cessing Card is proportional to train speed
but has to be corrected because of train
wheel wear. The wheel diameter information
is read from the two wheel diameter correc-
tion switches, which are set to the appropriate
position when the wheel diameters are meas-
ured during the maintenance period. If the
Emergency Brake Relay 1 is to be energised
then a coded dynamic waveform is sent to the
relay drive circuit on the Drive and OQutput
Card. Similarly, another coded dynamic wave-
form is sent to the Zero Velocity Relay drive
circuits on the Drive and QCutput Card if the
Zero Velocity Relay should be energised.

Drive and Output Card

The Drive and OQuiput Card contains the
drive circuits for the outputs from the Safety
System. These consist of non-vital drive cir-
cuits for system fault and code valid indic-
ations and safe relay drive circuits for the
Emergency Brake Relay (Emergency Brake
Relay 1) and the Zero Velocity Retay (Zero
Velocity Relay 1).
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The safe relays are driven by identical pro-
cessor proving bridges These have three
states, relay energised, relay not energised
and circuit disabled. Each safe relay bridge
is driven from four inputs which must apply a
valid dynamic waveform. One of the dynamic
waveforms causes the bridge to energise the
relay, the other causes it to de-energise the
relay. If either the input waveform is invalid
or the waveform frequency is incorrect then
the circuit is disabled, de-energising the relay.

SYSTEM 2

System 2 is designed using wel! proven,
solid state circuits employing both digital and
microprecessor techniques. As well as pro-
viding the continuous monitering of conditions
to ensure the safety of the train, it provides
information to the train operator and the ATO
unit and has a sophisticated built-in monitor-
ing and data retention system for maintenance
purposes. The software contains extensive
self-checking of both hardware and software
functions.

The basic functions of System 2 are:

a) to provide the same functions as System
1 but in a totally different manner
b) to provide indications to the train driver
of operating requirements
¢} to provide information to the {Automatic
Train COperator} ATO controller.

The system is made up of the following
module and printed circuit cards (Fig. 5.).

Train Input Data

The Train Input Data card receives a num-
ber of signals from sources external to the
systems, these are filtered and processed
before being passed to other cards. All inputs
are electrically isolated from the train on this
card.

Carrier Detection

The Carrier Detection card is one of the
printed circuit cards involved with the proces-
sing of the received track signal.

The carrier card receives a band limited
ATP signal from the Train Input Data card and
determines which, if any, of the eight track
circuit carriers is presemt. This function is
carried out using Digital Signal--Processing

techniques. If the carrier is from an accept-
able sequence, then the signal is hetrodyned
to be evenly displaced around zero frequency
and s passed to the Modulation Detection
Card.

Modulation Detection

The Modulation Detection card processes
the signal from the Carrier Detection to deter-
ming if a valid modulation rate is present. If
a valid modulation frequency is identilied
successfully, a binary code corresponding to
this code frequency is output to the Processor
and Logic Card.

This process of detecting valid carrier and
modulation is a continuous one, after each
successful computation a signal is output to
the Processor and Logic card which is used
to control the state of the Emergency Brake
Relay.

Processor and Logic

The Processor and Logic card takes the
speed code signal from the Modulation
Detection card and compares this with the
tachogenerator signal (which it has filtered
to calculate train speed). If the speed is great-
er than or equal to the maximum safe speed,
the Emergency Brake Relay will be de-ener-
gised.

The Processor and Logic card also controls
the many system checks which are carried out
each time the system is energised.

Any faults detected, or demands for the
Emergency Brake Relay 2 to be dropped are
recorded in the non-volatile recording merhory.

Train Output Data

The Train Qutput Data card receives a hum-
ber of signals from the Processor and Logic
card and passes them to external equipment.

Signals to the train interface circuits and
to the ATO are isolated from the System
power supplies by using voltage free contacts.
An LED on the front of the card is used to
indicate the state of sach output.

FLEXIBILITY - SYSTEM 2

Thus far, great play has been madtg"-j;fgf the
microprocessor and its use in frequencysgdis-
crimination circuits. However, another key
feature is flexibility.
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Before the advent of the microprocessor
and memory chips, the parameters of the sys-
tem had to be fixed before the design could
be started. For example, the exact speed
bands would have to be fixed to enable filter
design to be started, the number of leeth on
the tacho would have to be fixed to enable
logic circuits to be designed.

This is mo longer the case. The system
parameters of both ATP systems are held in
memory chips, thus it for example the relation-
ship between tacho pulses and speed bands
has to change none of the hardware is affect-
ed. Apart from the ability to easily adjust
mathematical relationships the different oper-
ating requirements of various transit authorities
can be accomodated using a singfe memory
chip and 'adjusting’ the software.

MAINTENANCE

The arrival of the microprocessor can also
bring benefit to the often neglected area of
maintenance. It is certainly our experience
that when the source of a fault might be
train-carried or trackside, a module or unit is
changed on the train and a test run booked
to see if the fault has been cleared. This cost-
ly ‘trial and error’ approach is no longer
necessary. The microprocessor has enabled
a controlled approach to be applied to main-
tenance and enables the return of units to
revenue setvice in the minimum possible time.

In addition to memory and timing checks
which are common practice these days, tesis
are carried out to prove the correct function-
ing of:-

a) the input filter - the carrier card gener-
ates a set of tones at specified levels
which are switched (under software
control) to the input of the system. The
signals received back by the carrier
card are checked to confirm satisfactory
operation of the input filter

b) A Fast Fourier Transform ‘test code’ is
generated on the Processcor and Logic
card which is input to the Modulation
card. Again a correct response is reg-
uired back to the Processor and Logic
card before the unit will be considered
as functioning correctly.

These, and other static tests, are carried
out each time power is applied to the unit and
each time the tfrain mode selector is moved
from no mode to mode one of the driving
modes.

Whilst the train is in motion, dynamic tests
(of the type listed below) are carried out to
ensure system integrity.

a) Omnce every software cycle, the Emerg-
ency Brake Relay 2 supply voltage is
momentarily removed and a check to
confirm this has operated correctly is
performed.

b] Each time the train passes through 10
km/h the tacho signals are reversed for
sufficient time for the runback logic to
operate. The tacho phases are returned
to their normal state before the electro-
mechanical Emergency Brake Relay 2
can respond.

A modern train contains many electronic
sub-systems and a large number of cables
and interconnections. It is our view that most
of the intermittent type of faults are the result
of loose or poor connections. It is, however,
an unfortunate fact of life that electronic
equipment is a sitting target for being sus-
pected as the source of a problem and the
normal way of fault finding is to keep chang-
ing modules until it ‘works'. To avoid this
ritual card or module changing, the unit is
equipped with a single step test feature which
operates as follows:-

If, for example, the train returns from ser-
vice with a complaint that the 80 km/h speed
lamp does not always work, then the unit is
switched to single step mode and each of
the system outputs are energised in turn until
the 80 km/h speed lamp Is reached. This out-
put is then left permanently set while the
wiring, lamp holder and all the interconnec-
tions are checked. Once the fault is repaired,
the single step switch is returned to normal
and the train is ready for service.

To assist with fault diagnesis and main-
tenance, System 2 is fitted with a RAM and
battery back up which can record system
parameters and failure modes whilst the train
is operational. At some convenient time in the
future, a maintenance technician can plug
into the Processor and Logic Card a System
Test and Maintenance Printer {STAMP Box),
and obtain a printout of the contents of the
fault RAM.

The contents of the fault RAM will start to
be printed (with the most recent event first).
The printout wil! start by printing out equip-
ment faults and then emergency brake
applications. Normally, only a partial printout
with the most recent events is required, so
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Fig. 6. Diagnostic system data.

facilities exist on the Processor and Logic
card to terminate a printout at any particular
point. A typical printout is shown in Fig. 6.

The Printout

Prior to printing out the diagnostic system
data, a header is printed which gives details
of the software in the memory chips and a
three digit chassis serial number. This en-
ables each ATP system 1o be related to a
particular motive unit.

The information is presented in the form
of failure codes which can, by the aid of a
small ‘fix it’ book, be explained and the likely
sources of the problem identified. The track
circuit codes, train speed and operational
mode are also tied to each event that is
recorded.

On completion of the printout, a serial num-
ber is added, thus one would expect the
entire history of each unit to be recorded in
chronological order for future reference of
system performance and reliability.

There will be occasions when all the fore-
going maintenance aids fail to highlight the
source of the problem, say for instance there
is one train in the flest that tends to under-
run when performing a station stop. The prob-
lem could be in the brakes sub-system, the
ATC system or perhaps traction control,

To assist in the identification of the source
of such obscure problems, System 2 can be
configured as a data logger. Four of the data
input bits can, via voltage free contacts, be
interfaced into the train control system. The
logic state of these four relay contacts (open
or closed) will be recorded and time tagged
in the non-volatile memory. Any subsequent
printout will show, in a time related manner,
the logic state of the four inputs and their
relationship with events occurring within Sys-
tem 2.

SYSTEM 3

System 3, the Automatic Train Operation
System, provides automatic movement of trains
over a Metro System (see Fig. 1.}. To carry
out these functions System 3 interfaces with
System 2 to determine target train speed, and
with the Automatic Train Supervising System
(System 4) to determine the order in which
trains move over the system. Additionally,
System 3 provides a method of identifying
certain train characteristics to System 4 and
the signalling interlocking and a supervisory
function for deor control at stations.
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System 3 provides the following basic
functions:-

Accurate stopping at stations

Close control of trains to the Maximum Per-
mitted Speed between stations

Signal stopping - normal running to limits
set by the Safety System

Ability to enable coasting e conserve
ehergy

Positive train identification

Self monitoring of ATO

Trackside Equipment

This comprises a Platform ATC Communic-
ator whose main function comprises a means
of generating data to be transmitted to the
train and a means of receiving data from the
train together with a number of trackside
loops and loop feed and matching units.

All of this equipmeni is mounted within
station areas, i.e. none is required to be tun-
nel mounted.

Platform ATO Communicator functions:-

a) When the train is stopped at a station
to provide data which will describe in
detail the next interstation stop, i.e.:
Distance to next station stop(s)

Position of all track circuits to next
stop(s)

Gradient information

Coasting vectors

Station location (surface or tunnel)

Stopping profile (0.6 - 1.2 m/s%)

Time of day

Slation identification number

b} Where the train is approaching the stop-
ping position, to transmit information to
it via a recalibration loop and the main
stopping loop to enable accurate stops.

¢} To receive Positive Train ldentification
information from the train for onward
transmission to the Automatic Train
Supervision {(ATS) System.

d) To transmit and receive information to
synchronise the opening and closing of
train and platform screen doors.

Train Carried Equlpment

The ATO Controller is located within the
same cubicle as System 1 and 2 and is mount-
ed in the driver's cab.

The main function of the ATO Controller
is to provide outputs to the train’s motors and
brakes to effectively control the train, based
on information transmitted from the trackside
via the ATO trainborne antennae and the
tachos and target speeds via System 2.

The ATO Controller operates on the follow-
ing Inputs:-

a) Target speed from the System 2

b) Speed information from tacho’'s from

System 2

¢) Information from ATO loops

d} Wheel diameter factor

e) Driver's input

It provides the following facilities:-

a} Start up

b) Speed regulation

¢} Coasting

d) Accurate station stopping

e) Signal stopping

f) Runback detection

g) Slip and slide detection

h) Fault detection

i) Alarm facilities

i} Train and platform screen door control

{open/close) signals.

Flexibilily - System 3

The present generation of System 3 equip-
ment allows much greater flexibility in oper-
ational terms than previous equipments be-
cause of the microprocessor design.

One example is intelligent braking. The
purpose of intelligent braking is to permit the
train to continue at its present speed under
speed regulation for as long as possible and
then to reach the target speed between 8 and
10 metres ahead of the track circuit boundary
(Fig. 7.).

The method by which it achieves this is as
follows:-

a} Braking profile is generated one track
circuit ahead of the next possible target
speed change.

b) The System 3 has knowledge of track
circuit boundaries.

¢} If the target speed changes, System 3
acts on the information generated and
brakes the train to the new target speed
according to profile.

d) If the target speed does not change
then the information generated is not
used and the train continues speed
regulating.
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Fig. 7. Intelligent braking concept.

The advantages of intelligent braking are:-

a) That the train runs at the current safe
speed for as long as it is possible.

b} At a signal stop (zero target speed)
the train comes to rest 8-10 metres away
from the signal {assuming the railway
requires trackside signals).

¢} A better train performance profile s
generated, allowing clearer headways
and more system throughput - an essen-
tial in today's revenue conscious oper-
ations.

MAINTENANCE

To assist maintenance the System 3 has a
“health monitoring” package fitted. This
records any equipment failures in a non-vola-
tile medium as they occur and will print out
the faulis on a System Test and Maintenance
Printer in the same manner as System 2. The
maintenance technician therefore requires a
single maintenance aid {STAMP box) to be
able to monitor System 2, System 3 train car-
ried and System 3 trackside.

One example of information given by the
printout is:-

a) The time the fault occurred

b} The previous station name

¢) Distance from previous station

d) Velocity

e} Positive Train ldentification

f) Running Mode

g) Fault Mnemonic

Examples of fault mnemonics:

CF* — Card No. * faulty

MC** — Memory Chip ** faulty

COM* — Communication channel fault

PLATFORM SCREEN DOORS

On Metro schemes with station air con-
ditioning it is an advantage to the railway to
incorporate platform screen doors along the
platform edge. These doors retain the air
conditioning within the platform/station area
and allow the tunnels to be non-air conditioned
(the trains each have integral air-conditioning
for the comfort of travellers).

This concept can only be entertained when
the trains can be stopped accurately within
the siation confines to permit the train doors
and platform doors to coingide.

As mentioned earlier, the Platform ATO
Communicator performs an important dialogue
with the train to confirm the train is stopped
in the correct position before outputting a
command to cpen the platform screen doors.
The command o open the platform screen
doors is output by the Platform ATO Com-
municator to the door control circuitry via the
Signal Interlocking.

To close the doors the Local Programme
Unit signals the platform ATC communicator
to “initiate platform screen doors closing”.
The Platform ATO Communicator sends “Close
Doeors” to the train and the ATO drivers
“Close Doors™ indication is lit. When the
“Close Doors” buttons are pressed the ATO
sends a “'Close Platform Screen Doors” signal
to the Platform ATO Communicator which in
turn activates the “‘Close” relay in the screen
doors control circuit via the signal inter-
locking.

Both sets of doors will then close simul-
tanecusly.
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SYSTEM 4

System 4, the Automatic Train Supervising
sub-system is designed to monitor and super-
vise the operation of the Metro system
{Fig. 8.).

Its objectives are as follows:-

a) Maintain service according to prescribed

schedules.

b} Restore service and re-establish patterns

following delays and breakdowns.

c) Raise schedules to meet passenger flow
changes.

d) Provide managememt and passenger
information in real time and in hard
copy form for records.

Local Program Unit

At each interlocking within the railway het-
work, a Local Program unit controls route
setting, platform indicators and departure
sequences based on timetable working for its
own station area. The Local Program unif
comprises two microprocessor based sub-
systems operating in hot standby mode {i.e.
both sub-systems receive and process data
but only one is permitted to drive cutputs).
Should a fault occur in the on-line sub-system
then changeover to the other sub-system is
automatic.

Some Local Programme units alse control
similar functions in adjacent stations that are
not interlockings {termed Intermediate Sta-
tions). The aquipment installed here is called
a Remote Terminal unit and comprises a sin-
gle microprocessor based information gather
up and equipment control sub-system.

Information needed by the Local Program
units in order to correctly control the inter-
locking and other equipment is passed to the
Local Program unit by the Operations Control
Centre computer. This information is the time-
table for trains in the controlled area of each
Local Program unit. The internal programs of
the Local Program unit interpret the data to
schedule trains using train code references.

The train code number is initiated when the
train set first enters service for the day and is
passed sequenttally from interlocking Local
Program unit to interlocking Local Program
unit as the train progresses through the sys-
tem. Most routine ATS functions will be
initiated locally and monitored from the
Operations Control Centre (Fig. 8.}.

Operations Control Cenfre

The Operations Control Centre comprises
manual supervisory consoles, information dis-
plays, deviation and reporting printers, track
diagram panel, main and standby computers
and associated equipment. The standby com-
puter at Operations Control Centre, termed
Schedule Gompiler Computer, is as its name
suggests, used primarily for the compilation
and modification of ATS operating schedules.
The Schedule Compiler CPU operates in a
warm standby mode to the Main CPU. In the
event of a failure ofthe Main CPU an orderly
close down of any compilation activity on the
Schedule Compiler CPU is instigated prior to
it assuming the role of Main CPU.

The System Controller will perform monitor-
ing functions from his console at the Oper-
ations Centre. The Train Controllers will make
and implement decisions, perform tasks which
are not pre-set or programmed and supervise
operation of the central equipment. The ATS
performs its functions automatically with selec-
tive features for manual override by the train
controller. The design concepts are:-

a) Decentralisation of decision making de-
vices which affect the routing of trains
(Local Program units).

b} Synchronisation of all local program
units with the central computer.

c) Requests from the central computer wiil
modify the stored timetable data of the
local program units in accordance with
maintenance of schedule requirements
but failure to receive requests from
the central computer will result in the
programmed mode of operation.

d) Fully scheduled operations modified
from the Operation Control Centre and
manual non-scheduled operations are
provided for all equipment affecting
train movement.

The Operations Control Centre computer
will monitor the location of all trains on the
system. The Local Programm unit controls the
performance of all trains in order to minimise
the effect of train delays on the operating
schedule.

When the system performance varies from
that scheduled, the Operations Control Centre
computer determines strategies needed to
maintain scheduled operation or to minimise
delays and applies the required control adjust-
ments or the Train Controller may override
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the Local Program unit strategy as he sees
fit in order to maintain the current operating
schedule. One or more of the following strate-
gies may be applied:-

a) Revise the despatch schedule of a train
or trains.

b) Redistribute the spacing of trains pre-
ceeding or following the delayed train.

¢} Offset the entire system operating
schedule.

The Operations Control Centre computer
also automatically records all operating data
required to evaluate operation of the system
such as:-

a) Alarm conditions and the termination of

these conditions.

b) Manual adjustments or control inputs
originating from the control centre.

c¢) Changes made to the current operating
schedule.

d) Logging for later recall, details of trains/
functions that deviate from planned
schedules by more than a predeter-
mined time.

e} Provide running data for later retrieval
from the Operations Control Centre com-
puter i.e. car running distance.

Flexibility - System 4

An essential part of the System 4 philoso-
phy is normal iocal control (from the Local
Program unit) with Operational Control Centre
monitoring of activity and interjection if
required.

A  necessary pre-requisite of such an
arrangement is a secure communication path
between Local Program units and Operations
Control Centre, With the use of microproces-
sors to handle communications, a variety of
opticnal and fallback communications paths
can be used (Fig. 10.).

Typical rerouting paths are:-

a) Messages between the Operations Con-
trol Centre and a Local Program unit
can be rercuted via an adjacent Local
Program unit.

b} Messages from one Local Program unit
to any adjacent Local Program unit can
be rerouted via the Operations Control
Centre.

c) Messages between a Local Program unit
and an intermediate stations scanner
may be routed via an adjacent Local
Program unit.

When any of these fallback modes are in
use due to a link failure the relevant commu-
nication area in the Local Program unit and
Operations Control Centre will continuously
monitor the normal link for recovery. As soon
as link recovery is noted the information is
relayed to Operations Control Centre. Re-
routing ceases and all messages revert 1o the
normal link.

CONCLUSIONS

In this paper, we have attempted to illus-
trate how microprocessor technology is being
exploited to provide economic systems with
greater operating flexibility, higher perform
ance and additional features, whilst providing
improved maintenance facilities.
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DISCUSSION

Opening the discussion, Mr. E. O. Goddard
thanked the authors for an excellent paper
on a very interesting subject. LUL were
currently carrying out tests on some of the
equipment described, particularly the block-
jointless track circuits which had proved
satisfactory despite the recent bad weather.
It was also intended to undertake trials of
ATP and ATO systems.

He asked if the system described allowed
for hi-directional running and how the track
circuit sequence coped. The possibility of
cutting in an additional track circuit had also
baen mentioned, and he asked the authors
to expand on how this was achieved.

He observed that, although microprocessors
were very fast for each operation, their use
often seemed to slow down a system. He
asked what was the equipment response time
of the system.

There seemed to be a number of simil-
arities to the Victoria Line. Had that ex-
perience been of assistance in developing
the system.

When using two independent systems,
to avoid common mode errors, there was a
danger that during development and main-
tenance of the software such errors creep
in. What steps were being taken to ensure
that common mode errors in the specific-
ation were avoided and what [evel of re-
liability was aimed for.

He asked to what extent the ATO inform-
ation passed to the train was being used for
on-board passenger information and in ad-
dition if 1t was possible for maintenance
staff in the centre to determine the health of
a train in service.

The authors replied that the trackside
equipment at the transmit and receive ends
of the track circuit were identical. For bi-
directional running an additional special relay
was required to prove that all opposing route
contacts were in the correct position, guard-
ing against sneak feed paths.

The optional F9 frequency was used when
the normal sequence was broken by insertion
of an additional track circuit late on in the
design process, to avoid having to reschedule
the surrounding track circuit frequencies.

EBR response time to no code was about
one second, with a release time of less than
two seconds. This was an inevitable con-
sequence of the use of narrow band filters
to select the required signal.

The Victoria Line started off with two com-
pletely independent safety systems. From
that experience it was concluded that one
safety system should be provided in future
schemes, with all other equipment in a sep-
arate system. This philosophy had been used
in Madrid, Hong Kong and Singapore. The
safety system checked that the train speed
did not exceed the allowable speed indicated
by the track code.

The advantage of the microprocessor was
in flexibility. All specific information, often
not decided until a late stage of the design,
could be placed in a PROM and plugged into
a general purpose card.

Common mode errors were guarded against
by making sure that the two systems were
truly independent, often using different types
of processors and software.

Reliability calculations were based on MIL
217D.

Passenger information was available, and
could be used if the customer was willing to
pay.

In future, it would be possible to down-load
all the train diagnostic information at each
turn round and store it on a mainframe com-
puter, but at the time it was done by paper
hard copy.

Mr. C. H. Porter asked if the duplication in
System 4, particularly in the Operations Con-
tro! Centre, was in micros or minis.

Was the station interlocking carried out
by conventional relays or by microproces-
50rs?

Could the track circuit frequencies be
changed by software or were physical com-
ponent changes needed. The former case
would simplify the problem of inserting ad-
ditional track circuits.

Were the cards purpose designed or were
they standard Westinghouse items?

The authors replied that all local program
units and all computing applications used
microprocessors, apart from the OCC where
minicomputers were used. The microcom-
puters ranged from simple functions, such as
train describer displays. through intelligent
applications in remote control and com-
munications to advanced applications on
trains.

Conventional relay interlockings were used
at the present. There was no reason why
S5l could not be used in the future.
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The jointless track circuits had an inbuilt
frequency, proved to be safe. It was there-
fore not possible to make changes.

In general, the cards were based on the S2
system but some had to be specially develop-
ed for this application.

Mr. F. M. Hewlett noted that the problem
of alignment of platform and train doors was
similar to that of a lift.

He noted that the diagram showed a wheel
diameter input to System 3, but Systems 1
and 2 were already speed corrected to take
account of wheel diameter.

He commented that analogue signal pro-
cessing had been used for many years before
digital methods became available. It was
true that traditional LC filters were bulky
and digital circuits could be neatly card
mounted. In the meantime, the use of op-
amps for simulating reactive components
had been developed so that electronic anal-
ogue filters could also be mounted an cards.

A possible disadvantage of dealing with
sampled data, as required by digital proces-
sing, was that there was no information bet-
ween samples. [t was interesting to note
that an analogue filter was still needed to
recover an analogue signal from sampled
data, to fill the gaps.

He asked how safety was maintained if
the processor were to stop, because the
braking relay appeared to be a latch that was
reset on each processor cycle.

The authors replied that the ATO took a
default wheel diameter correction factor from
System 2. It could measure distance very
accurately because it had knowledge of where
the train was from the frackside markers. It
could calculate the wheel diameter correction
to 16 decimal places if required. This would
be checked against the default value provided
by System 2.

The System 1 EBR output was dynamic
rather than static. Four outputs had to be
received in the right sequence, and at the
right frequency, in order to energise the EBR
circuit. In System 2 the feed was interrupted
for a few microseconds every software cycle.
Removal of voltage was proved and then the
output was reinstated. Any failure would drop
the EBR.

It was felt that the stability of op-amps
would not be adequate for achieving the close
frequency tolerances and the wide temper-
ature range required, hence the use of digital
processing.

It was agreed that anti-aliasing analogue
fitters were required to ensure that only the
required information was processed.

Mr. T. Knowles asked if routine depot test-
ing of the vehicles had been eliminated,
reliance being placed on system tests and
the maintenance printer and fault reports
from drivers.

One use of the printer appeared to be to
check that equipment was meeting its ex-
pected MTBF figure. Did this mean that rou-
tine maintenance was delayed until a sig-
nificant failure rate was experienced.

The authors replied that every time power
was applied to the equipment it went through
a complex set of checks to ensure that all
was well. In addition, there was a daily
routine check of all the train functions before
entering service.

Maintenance philosophy was the reverse
of traditional. Equipment was not removed
for examination, and formal failure reporting,
unless system failure records showed this to
be necessary. In this way, the MTBF records
showed this to be necessary. In this way,
the MTBF records are thought to be more
realistic, and not based on statistics of equip-
ment removed with no fault found.

Mr. D. N. Weedon asked if it would be
possible to reduce the number of frequencies
used for track circuit identification by taking
advantage of the increased capability of trans-
mitting digitally coded commands.

Was it intended to incorporate further com-
mands in the ATO system?

The authors responded that the ATO track
to train data transfer was made when the
train was stationary.

Jointless track circuits, using the same
frequency, had to be kept far enough apart
to ensure that, under failure conditions, no
spurious signal would be received, hence
the need for the number of different freg-
uencies used.

Mr. Weedon asked if the practical limit for
frequency discrimination had been reached
and suggested that different modulation freq
uencies might only be required to provide
the 'joint’ between adjacent track circuits on
the same line, if the identification were pro-
vided by coding.

The authors felt that the practical limit on
frequency discrimination, under working
rather than laboratory conditions, had prob-
ably been reached.
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Mr. C. A, Porter asked what was the least
safe part of the system and, in the light of
experience, what improvements could be
made.

The authors replied that, to date, there had
been no failures likely to lead to a wrong
side failure. System 1 was a safe single
channel system. System 2 had all the other
functions and had an acceptable level of
refiability.

Mr. G. R. White commented that, when
headway was critical, it seemed wasteful to
stop trains several metres in front of signals.

The response time quoted to Mr. Goddard
was presumably in addition to the JTC res-
ponse time.

Could the single step switch in the cab be
left in the test position, thus degrading the
system safety?

The authors responded that, at an ordinary
signal, there was no recalibration loop so
extra stopping point tolerances had to be
allowed, hence the need to aim to stop
several metres in front of the signal. In
stations there was recalibration and greater
accuracy could be achieved.

The JTC response time was just under two
seconds.

When the system was switched on, one
of the first things that the System 2 proces-
sor did was to check the position of the
single step switch and go into the appropriate
mode of operation. It would then be ignored
and any change would have no effect.

Mr. J. Waller commented that the ATO com-
municator at each station passed on a great
deal of fixed information to the train. Was
there any particular advantage in this. Was
it to avoid the need for extra storage of
information about the whole line on the train.
He pointed out that some of the information,
such as distance between stations, was fixed
and not likely to change. Why was information
not stored in on-board PROM rather than at
stations?

The authors replied that the station update
provided ATO information for three stations
ahead. To overcome possible marker faults,
there was sufficient information already on
the train from previous markers to provide a
reasonable station stop. On-board PROM stor-
age would mean storage of the entire railway
and there had to be alimit on data storage.

Proposing a vote of thanks, Mr. C. H. Porter
thanked the authors for a very interesting
paper. The number who had turned out in the
very bad weather was a tribute to them and
to the interest of the paper.
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Technical Meeting of the Institution

held at

The Institution of Electrical Engineers

Tuesday, 10th February, 1987

The President (Mr. J. G. Oehler) in the Chair

The Minutes of the Technical Meeting held in London on 13th January, 1987, were
taken as read and signed by the President as a correct record.

The President then introduced Mr. R. E. B. Barnard (GEG-GS) and requested him to
present his paper entitled “Learning to live with Microelectronic Signalling".

Learning to live with

Microelectronic Signalling

By Mr. R. E. B. Barnard*

INTRODUCTION

It is not many years since the microcom-
puter was a novelty, and predictions about
the rapidly talling cost of micro-electronics
seemed far-fetched.

In signalling, processor-based systems have
been used for non-vital applications, such as
remote control, train information, and central-
ised traffic control, for some vyears. Only
recently has similar technology begun to be
applied to safety signalling. The reasons for
this are well known:

There are philosophical arguments concern-
ing the safety of such systems which must
be resolved before the design can begin, or
systems can be brought into service.

The design of a new safety system has
extra serial activities (e.g. in specification
writing, testing, safety analysis and formal
validation of software] compared with a
non-vital system, and therefore tends to
take longer to complete.

Most of the applications of non-vital micro-
electronics in signalling have been con-
cerned with equipment in signalling control
centres or equipment rooms, where the
environment is relatively conirolled. Much
safety equipment is, of necessity, located
near to signals, points efc. or on-board
trains. In all these places, the environment
tends to be less contrelled.

On the 1.LR.S.E. Convention in Sweden In
September 1978, to visit the L.M. Ericsson
computer interlocking at Gothenburg, and
also in David Norton’s paper “‘Safety by Re-
dundancy?'', presented in March 1979, much
of the discussion centred on whether signal
engineers would ever be able to accept the
idea of a safety system that could fail “wrong-
side”, following the occurrence of a number
{even an improbably large number) of practic-
ally possible sgimultanegus faults (Refs. 1
and 2},

*G.E.C.-G.8.
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Yot today, we rely on safe computer sys-
tems in many of our new installations. Railway
authorities have come to accept such design
techniques much more rapidly than anyone
would have predicted. The debates on safety
philosophy will continue {e.g. Refs. 3 and 4),
but it may now be time to consider the broad-
er implications of the use of micro-electronics
in safety signalling, and to loock where the
new technology is leading us, as it comes
into widespread, or even universal, use.

EXPERIENCE IN THE U.K.

In his Presidential Address to this Institution
in 1978 {Ref. 5), Jim Waller said:

*| shall be a sad man if in ten years time

we do not have a computer-based inter-

locking in the U.K.".

This goal was realised in just over seven
years, with the commissioning of the B.R. 8!
at Leamington Spa in September 1985. Prog-
ress seems therefore to have been faster than
anyone expected. The influence of British
Rail, both in their Headquarters and in the
Research and Development Division, has been
congiderable in achieving this progress in the
UK.

The actual applications of safe micro-elec-
tronics to signalling in the U.K. to the present,
are as follows:

British Rail's C-APT speed display and
supervision system, used on the prototype
APT trains.

The B.R. Radio Teken system devised for
the Dingwall-Wick-Thurso line.

The G.E.C.-General Signal Ltd. speed moni-
tor system applied to Birmingham Maglev
in 1984.

The B.R. Radio Electronic Token Block
(RETB) system on the Dingwall-Kyle line,
in November 1984,

The British Rail Solid State Interlocking
pilot scheme, commissioned at Leamington
Spa in September 1985.

The B.R. RETB system on the East Suffolk
and Dingwall-Wick-Thurso lines, in 1986.

The signalling contractors have been in-
volved in much of this work, as well as in
other development projects using safe com-
puters. This Institution has already heard of
the development of processor-based track
circuits {Ref. 6), and the interfocking being

developed for Neasden yard on the London
Underground system (Ref. 7). My own com-
pany, G.E.C.-General Signal Lid., has gained
significant experience in this field, and has
various safe computer projects in hand:

B.R. 8SI signalling for the Docklands Light
Railway, for Inverness and Yoker on B.R.,
as well as for use overseas.

RETB equipment for schemes on B.R.

Qver 1000 single processor vital timers sup-
plied to date, for use in relay interlockings
overseas.

A General Railway Signal Co. (G.R.S)
Vital Processor Interlocking, using a single
channel technique, for London Under-
ground Ltd. at Northolt.

Train control for the Docklands Light Rail-
way, including dual-processor vital speed
monitor, and vital inductive data link
systems.

In-house development of other safe com-
puter products and systems.

From this experience, it is now starting to
become clear just how the broader implic-
ations of using processor technology in a
safety industry will have to be met. In the
process, some established attitudes will have
to change.

THE DESIGN PROCESS

Most engineering designs start with a
problem; a requirement for the provision of
equipment to carry out a particular function.
The design enginesr makes the maximum
possible use of existing techniques, materials
and gquipment, injects some ideas of hig own,
and produces a conceptual design for a solu-
tion to the ofiginal problem. Ths implement-
ation phase of the work then converts this
concept into a detailed design, and manu-
factures, tests, instals, commissions and
brings it into service. Novelty can enter this
process in two ways; the equipment itself may
be of novel design, or the system may be con-
figured from standard building blocks in a
novel way.

Fig. 1a and Fig. 1b contrast the design
processes for conventional and processor-
based safety equipment. With conveniional
safety equipment, the achivities are carried
out largely sequentially,and the dependency
of the start.of manufacture on the completion
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of safety analysis is a major risk point. To
maintain delivery dates, it is frequently neces-
sary to commit sizeable sums of money by
starting manufacture before all the safely
analysis is complete. This can sometimes
make replacement of some equipment neces-
sary, on jobs with a high development content
and a tight timescale.

With processorbased systems, provided
that the software can later be made to run
and test the hardware correctly, the standard
items of hardware can be manufactured, tesl-
ed, and even instafled on site and used to test
the outside equipment, whilst the software is
still being designed, tested on prototype hard-
ware, and validated.

Because the ‘“manufacture” of software
does not have a long lead time, or a high
cost (consisting of the programming, check-
ing and insertion of EPROM's), the formal
software validation only has to be finished In
time for the fina! testing and commissioning
on site. However, it is obviously costly, and
disruptive to other commissioning work to
return modules to the workshop, update their
software and retest them, once they have
been installed along a railway linel

Micro-electronics can enter safety signalling
in various ways, as outlined below:

Safe computers as products

In signalling, safe computers can be used
to make better products, which are then used
in the existing relay-based systems, without
any other change in philosophy. An example
of this approach is in the area of vital timers
for approach control, route locking release etc.

For many years, G.E.C.-General Signal Ltd.
used synchronous motor pulse generators In
relay rooms, and fitted ratchet timers in inter-
locking circuits to provide non-decreasing
timing functions. However, the ratchet timer
device (which had been a standard part of
telephone exchange equipment when it was
first used in signalling) was becoming expen-
sive and troublesome to obtain. Many attempts
have been made over the years fo devise a
satisfactory electronic equivalent, but it was
not until the General Railway Signal Co. in the
U.S.A. developed their Safety Assurance Logic
technique (using a single micro-computer In
a way which tests its own operation thorough-
ly), that G.E.C-G.S. found a solution. We
adapted the G.R.S. “Microchron” timer design,
to sult an input from a 50 Volt D.C. relay room

power supply, and to drive a BRS30 output
relay. The resulting ZT7000 series timers
{Fig. 2.) may be used In interlocking circuits,
where fixed times are needed (e.g. 90 sec.,
2 min., 4 min., ete.), or as free-standing timers
in trackside apparatus cases. The latter can
be set by wired links on the plugboard to give
a precisely defined delay of up to 20 minutes,
in 1 second steps.

Other examples of micro-electronic equip-
ment used In this way include track circuits
which employ processors to generate and to
decode the signal, electronic block control
systems to ceonnect a series of interlockings
at passing lcops on a single line, gtc.

Safe compuiers as systems

Ultimately, a more effective use of a hnew
technology may be to rethink the entire sys-
tem design, and devise a totally new way of
achieving the required function, making the
best use of the new techniques.

An example of this approach is the vital
speed monitor, originally developed by G.E.C-
G.S5. for Birmingham Maglev, and now being
used on the Docklands Light Railway (DLR).

The DLR is built to follow various existing
track alignments with the minimum of civil
engineering work. As a result, it has sharp
curves and steep gradients. However, being
designed originally as an intermediate capacity
system, it has short trains, and does not have
to operate below 3 1/2 minute headway.

The traditional methed of monitoring the
speed of trains on urban railways is o trans-
mit one of a number of coded signals o a
train in a particular track seclion, via the
track circuits, Each code represents a value
of a maximum speed permissible for the frain,
and is selected according to civil speed limit,
or distance clear ahead of the section. On
board the trains, the signals are picked up
and decoded. They select a speed threshold
value, which is compared with the actual
speed of the train, measured by means of
pulse tachometers, and will cause a brake
application if the train travels too fast. The
precision of control on such a system is
defined by the number of speed codes avail-
able.

To minimise journey times on a system
such as DLR, a large number of coded track
circuits, each with a large number of speed
cades would have been needed, together with
relatively complex on-board squipment.
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Fig. 2. G.E.C.-G.S. ZT 7000 Series vital timer.
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The sclution adopted by G.E.C.-G.S. was to
make use of computer techniques to give a
much more cost-effective system of speed
monitoring (see Fig. 3a}.

Cable loops are laid on the track through-
out the railway, and fed with an audio freq-
uency current. The cables forming these loops
are transposed at intervals calculated by a
computer programme, so as to allow a train
travelling at the maximum safe speed to pass
over ohe transposition per second. Pick-up
coils on the trains detect the field pattern at
each transposition and provide inputs to a
dual-processor vital timer, which maintains an
output to a vital relay when the train takes
one second or more to pass between suc-
cessive transpositions. By varying the spacing
of transpositions, any civil speed limit can be
monitored, and the correct deceleration of
trains approaching lower speed sections of
track can be proved safely.

The equipment is very simple, consisting at
the trackside of tone generators feeding up to
1200m of track loop, however many changes
of speed limit occur within that distance. The
on-board equipment consists of pick-up coils
and their interface, a vital one-second timer,
a signalling relay and its driver circuit.

This solution is possible for two reasons:

Because of the use of two computer prog-
rammes; one to generate the required trans-
position locations and the other to check
these locaticns by a simulafion of worst-
case train performance (see Fig. 3b).

Because safe computer techniques make
the design of an accurate vital timer a
practical proposition.

More radical examples of rethinking the
signalling function, using the features that
computers perform best, such as data com-
munication and processing of data in a
repetitive manner, include the various radio-
based signalling systems coming into use
around the world, as well as moving-block
systems for transit applications, using safe
central and trainborne computers, communic-
ating with one ancther by means of an induct-
ive data link along the track.

Such signalling systems as these replace
almost_ all trackside apparatus, track circuits,
signals etc. As signal engineers, we might
argue at length about the particular strengths

and weaknesses .of any such system, but one
thing is certain; having accepted safe com-
puters as a part of railway signalling, we are
very soon going to have to question our
established ideas about train detection, block
section working, and many other fundamentals
of our profession, which have been built vp
over the years.

Level of modularity

In relay-based signalling installations, the
level of modularity is low. The building blocks
of these installations; relays, transformers,
reed FDM, track circuit equipment etc, each
carry out one simply-defined function. They
are each required in relatively large numbers,
to the same design, with the aim of obtaining
economy of scale in manufacture, spares
holding etc. The penalties paid for this low-
level modularity are in the cost of housing
each unit, and the cost of interconnecting the
units,

When micro-electronics are used, particular-
ly in more severe environments, there is a
benefit to be gained from having a higher
level of modularity. The common circuit areas
such as processcr, EPROM, RAM, power sup-
plies, interface circuitry etc. can service a
complex function almost as easily as a simple
function, so that the additional cost of carry-
ing out more tasks in the same unit is often
quite low.

Thus, with micro-electronics, it may be
beneficial to use a wider range of different,
large modules, as long as the differences can
be confined to software, or to very limited
areas of hardware.

The B.R. S8l Multiprocessor Module is an
example of relatively high-level modularity
since three form a complete interlocking. The
G.E.C.-G.S. version of this unit is already
used in at least eight ways, covering SS!
interlocking, diagnostic and simulator pro-
cessors with different data link message
formats, and RETB interlockings with and
without interfaces te SSI modules. More
variants are certain to follow in the future.

None of these modules, as they are held
as spares, iIs directly interchangeable with
any other, but they have identical hardware,
and only the programmes, i.e. the EPRCM
contents, are different.
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Users have already realised that modules
need to be held without location-specific data,
to reduce the spares holding, but perhaps in
the fuiure, spares will also have to be held
without programme installed, or even with
several different programmes installed.

The cost of fitihg more than one prog-
ramme in a micro-electronic unit is small, and
it may, in many cases, be possible to design
modules that can function in a number of
quite different ways, according to what they
are told by the system in which they are
installed. Some systems, in fact, restrict all
the location-dependent data to one unit, and
load the appropriate data into other units in
the system during system initialisation, or as
new units are plugged in (Ref. 3}.

Another very simple example of this is the
‘system address' in B.R. SS| data messages.
This address is learnt by trackside functional
modules when they are first powered up in
the system and is stored in non-volatile (NV)
memory. Subsequently the modules will only
respond to messages containing the system
address, until such time as special measures
are taken to clear the NV memory. This elimi-
nates the risk from crosstalk between cables
due to damage, without increasing the req-
uired spares holding of modules by making
them system-specific.

MODELLING, SIMULATION
AND TESTING

In the past, the only way of proving a new
design was to build a series of protolypes as
the design evolved, and subject each to
extensive practical tests. Practical tests are
always necessary, but it is very coslly to do
more than checking the final design, before
starting quantity manufacture.

Modern computer techniques give the
possibility of proving much of a new design
in theory, without building any hardware at
all. On some military projects, all the software
is written twice; once for a full system simu-
lation to prove the control algorithms, and
then in final form to suit the actual hardware.
This appears inefficient, but may actually give
the shortest project timescale. In addition,
the safely of a computer system relies to
some extent on the correctness of written
specifications, and the better these are tested,
by modelling and simulation, the greater the
assurance that the final product is safe.

Small-scale simulation and mathematical
modelling programmes can be written specific-
ally for particular projects, and most of today's
engineers can write these as a matter of
course.

At the opposite extreme of the range of
simulation activities are the ‘Masterdriver
train simulators provided by Marconi Instru-
memts Ltd. for the Seoul Subway and Singa-
pore Mass Transit Railway (Fig. 4). Such
simulators are sophisticated pieces of equip-
ment, including interactive video displays
which allow the choice of different routes at
junctions, and a cab thai is essentially the
same as that of a real train. The provision of
such a system is appropriate as part of a
complete railway or metro project.

Simulation facilities, which can be built
sooner than the actual railway, enable staff
training, in normal and fault situations, to be
undertaken earlier, cheaper and faster than
normal. This can be a major justification for
providing the equipment.

However, there are some secondary benefits
to the designer. The control algorithms to be
adopted in the various parts of the train equip-
ment (traction control, brakes, ATC etc.) can
be tested with one another at a relatively early
stage, and problems can be identified and
corrected before the running of the first train.
This applies not only to the normal running of
trains, but also to the fault location and re-
covery strategies and procedures, which are
difficult to get right. When such a simulator
is provided, it may indicate the need to In-
corporate extra fault indications, and fallpack
operating methods, which will make the differ-
ence between a railway that runs effectively
as soon as it enters service, and one that
does not.

TEST BEDS AND TEST TRACKS

Practical testing is an essential part of the
design of any new system. Track circuits and
track-to-train communication systems are some
of the more difficult parts of a safety signalling
system to test, since they can only be tested
fully in a reasonably typical situation.

Railway authorities are often very helpful to
signalling contractors in providing facilities
to test track circuits. Full train control, how-
ever, is much more difficult to test, requiring
the equipping and running of trains, as well
as access to the lineside. The Tyne and Wear
Metro test track (with its later use for testing
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Fig. 4. Marconi Instruments L.TD master driver simulator.

equipment for the Hong Kong Mass Transit
Railway)}, and the UTDC test track in Kingston
Ontario, are rare examples of integrated test
facilities.

G.E.C. has made use of a number of iest
sites in recent years, including sites on B.R.
lines for proving track circuits and trackside
ATC, an old power station for testing novel
propulsion and train control, as well as factory
sidings in Trafford Park for testing new ATC

equipment. For DLR, all the vehicle systems
(traction and brake control, a traction motor,
ATP, ATO and emergency driving positions)
were assembled on a computer-controiled
dynamometer test bed ai the Preston works
of G.E.C. Traction Lid., to enable interfaces
to be tested, including closed-loop speed
control. The aim of this was to reduce the
commissioning time of vehicles on site, within
a very tight project timescale.
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SAFETY ANALYSIS AND
SOFTWARE VALIDATION

The tasks of checking the safety of hard-
ware, the correctness of software, and of
documenting these analyses, are essential
ones for safety signalling engineers.

These tasks should be carried out by
people independent of the original designers,
and this may lead to a problem; the people
doing only this analysis on a project may see
it as a boring and non-creative exercise. They
are often reluctant, therefore, o do much of
this work., A solution may be to try {o auto-
mate the repetlitive aspects of it, leaving
skilled engineers primarily to make judge-
ments on the small percentage of the results
from the automated analysis which are not
self-evidently safe. The opinion of a skilled
independent analyst is a crucial element of
all safety proving, and should never be re-
placed by a computer programmse.

A worry with this approach is how to ensure
that the original designer and the anhalysis
programme do not make any identical wrong
assumptions, thereby missing some hazard.

One practical way in which this might be
overcome is by various industries pooling
their resources to develop, and then adopt,
standard design techniques. We may be seeing
the start of this with technology designed
specifically for safety applications. Examples
of this are; The Royal Signals and Radar
Establishment's Reduced Instruction Set Com-
puter called VIPER, with its programming
language NEWSPEAK (so called because it
is impossible to express unsound ideas in itl),
and sfatic code analysis tools (such as
MALPAS and SPADE). These technigues are
still in their infancy, are largely intended for
military applications, and have only very
belatedly started to emerge into the commer-
cial arena {Refs. 8 and 9).

It would be a difficult decision for signal
engineers to throw In their lot with another
industry, with different aims, and constraints.
Will we, in 10 years time, be producing inter-
lockings indistinguishable in appearance from
avionics or missile systems, with software
written in NEWSPEAK or ADA, and the safety
assured by the use of a suite of military
verification programmes? Unlikely though it
seems, it is one of the options we have to
consider in the quest for cost-effective de-
signs, since the money to develop such lools
may only be available in the defence in-
dustries.

MANUFACTURE

There can be no doubt that manufacturing
safe computer hardware is a less specialised
activity than making BRO30 relays, or Reed
FDM equipment. However, it has its own
problems.

One of the perennial problems in the elec-
tronics industry is the early obsolescence of
components, and "almost-buf-not-quite-com-
patible” replacements. Some problems (not
safety-retated) have been experienced with
58I, where the second source components
do not behave identically to the first source
ones. A worry with some safe computers is
that a batch defect on an LS| chip could
cause a common-mode failure. The chance of
this is reduced by the special measures taken
in the design to carry out extensive self-test-
ing of all critical circuit and software ele-
menis, but it is this sort of werry which has
led to developments like VIPER.

Another problem is that of testing produc-
tion equipment. The move towards “standard”
electronic hardware is seen as an opportunity
to reduce the requirements for skilled factory
labour, and Automatic Test Equipment (ATE)
is installed as part of this process. ATE needs
careful application to achieve its aims, and on
a new design the combination of minor draw-
ing errors, minor carelessness in assembly
and minor weaknesses in the ATE prog-
rammes, can effectively prevent any equip-
ment being produced, uniess skilled engineer-
ing staff are available to break the deadlock.
It is not possible to “test” quality into the
manufacturing process, and there is no sub-
stitute for people who understand what they
are doing.

A new set of controls is needed, to ensure
that production equipment leaves the factory
with the correct software installed, with
EPROM's blown to the approved methods,
and checked by a responsible person. The
contents of an EPROM are sufficiently mys-
terious that many production people do not
understand the significance of the testing
they are carrying out.

DATA-DRIVEN SYSTEMS

In a relay interlocking, the location-specific
information is contained in the wiring between
the relays. This set of “data™ is prepared by
signal engineers, who convert track plans
into control tables, control tables into relay
circuit diagrams, and then by wiremen who
convert the circuit diagrams inte actual wiring.
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For a system, such as a computer-based
interlocking which has to be capable of being
applied to many different sections of railway,
there is an obvious benefit in using a general
purpose programme and location-dependent
data. An interlocking programme rather like
a specialised highJlevel language interpreter
is needed, to enable the signal engineer to
input the requirements of the control tables
in a form familiar to him, and have these
requirements executed by the safe computer
system.

Data preparation

Wwith B.R. 55| for example, the signal engin-
eer slill converts track plans into control
tables of “source data"”, which are a short-
hand form for expressing familiar signalling
concepts. The source data tables act as input
to a set of data compiler programmes, which
check the data format, and produce tables of
data memory contents. These have a very
close relationship to the source data. They
can be checked, by means of either an auto-
mated decompilation, or manual checking
process, and are then blown in EPROM's for
installation in the interlocking hardware.

Perhaps the most difficult teature of data
preparation for signal engineers to come to
terms with is the unfamiliar syntax of the data.
There are two approaches to helping the user
overcome these sorts of problems:

Produce documentation to a much higher
standard. Programmers are none too keen
on writing user manuals anyway, and very
often the results are intelligible only to
another programmer. Putting this inte per-
spective, the documentation available to a
new designer of relay interlockings is also
generally very poor, but in this case there
may be more practical experience available
in the design office.

Provide automated syntax checking prog-
rammes. This is the approach being adopt-
ed by B.R., for SSI, when the Design Office
Workstation is used. The question is posed,
however, of whether such a system is a
substitute for the applications engineer
understanding thoroughly what he is doing.

Data iesting

An obvious advantage of a computer-based
interlocking system, like S81, is that data for
a new application can be tested on any set of

hardware, even before the production equip-
ment has been buill. To do this however, a
simulator system is needed, capable of being
updated quickly, applied to any layout, with
any set of signalling principles.

Experience shows that the commercial
computers used up to now for these simu-
lators have tended to be unreliable (both in
their hardware and in their purchased soft-
ware) compared with the interlocking itself,
and that a series of trivial problems can easily
extend the time taken to test data against
control tables.

It is to be hoped that the B.R. Design
Office Workstation, which provides simulation
and data testing facilities, can overcome
many of these difficulties.

There is a need fto train signalling applic-
ation engineers to be sufficiently familiar with
the quirks of computer systems, so that they
can assemble and test micro-electronic signal-
ling systems with confidence.

IN-SERVICE DIAGNOSTIC AIDS

To the signal maintainer, even the sound
of a relay interlocking conveys diagnostic
information, and he can usually localise a
fault, either by this means or by observing
the state of relays, without disturbing the
circuits at all.

With micro-electronic systems, there are no
such aids to fault finding provided by chance
Computers carrying out activities serially, and
communicating via serial data links, are diffi-
cult to monitor, and the provision of parallel
outputs to banks of LED's on equipment racks-
an expensive and power consuming solution
for a large system. However, it is relatively
easy to provide an additional output port, to
give regularly updated values of the major
system variables. A diagnostic unit can then
be provided to display a selection of these
variables. Such a unit may be built-in, or may
be a separate portable item.

The Automatic Train Operation (ATQ) sys-
tem on Birmingham Maglev has such diagnos-
tic equipment. The ATO is processor-based.
and carries out a variety of tasks, including
speed control, sequencing, position determin-
ation, fault processing etc. On each Maglev
vehicle, there is a built-in diagnostic board,
giving a display of a selected byte in memory,
and variables such as actual speed, ATO
target speed, speed error, position, vehicle
status etc. can be selected. This is adequate
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for most fault-finding in service. During com-
missioning however, a greater [evel of visibility
of processor operation is needed, and so a
VDU teminal can be connected to the diag-
nostic port, to display the current state of a
large number of system variables simul-
taneously. This enables testing and de-bug-
ging to be carried out effectively. There is
also provision for connection to a data logger,
o7 to give analogue outputs to operate a tape-
recorder or char-recorder. These can give
results for later analysis off-site.

An alternalive approach to the provision of
diagnostic data is the use of non-velatile (NV)
memory 1o record the state of critical vari-
ables on the occurrence of certain trigger
events, such as faults, loss of powser etc. This
approach is used on B.R. 8Sl, as well as on
the Maglev system. On 88|, it is used in con-
junction with an NV RAM Reader unit by the
technician at the repair workshop, to tell him
why the processors thought that the module
failed. On Maglev, the sequence of events
leading up to any fault is stored, in case the
power is subsequently lost. The firstline tech-
niclan can interrogate this non-volatile mem-
ory to lead him towards the criginal source
of the fault.

The ATC equipments supplied by G.E.C.-
G.8. for the Recife Metropolitan Railway in
Brazil, and for the Docklands Light Railway,
are different in design. They are both provided
with Depot Test facilities, to simplify fault-
finding and regular maintenance on trains.

In Recife, the continuous cab signatling
and speed supervision systems are subjected
to a thorough diagnostic test ab intervals of
2-3 weeks. This test checks virtualy ail
aspects of the equipment, and also allows the
maintenance staff to detect any equipment
which is starting to degrade (e.g. power sup-
ply voltages falling, due to component drift)
before the train fails in service. The depot
test equipment (Fig. 5a) contains a 68000
based VME computer system, programmed
in ‘C’. This generates simulated cab signal
currenis in a cable loop laid on the track in
the depot, and controls a generator of simu-
lated 3-phase signals representing the output
of the axle-end speed detector on the frain.
The equipment is plugged in to a test socket
on the outside of the train, to control and
monitor the on-board electronics and relay
equipment. In operation, the test technician
can carry out a full ‘Go/No Go’ test on the
train, which results in a "Pass" or “Change...

equipment’ message on a VDU. Alternatively,
the technician may select an individual test,
and obtain results on the VDU in terms of
measured voltage levels, timings, etc.

The depot test facility on DLR (see Fig.5h)
is rather different. Since there is already a
powerful processor {the on-board ATO com-
puter, with the diagnostic facilities already
mentioned) monttoring the trainborne equip-
ment, there is no trackside depot test com-
puter. Test signals fed into cable loops on
the depot track are generated by a processor-
based portable test box carried on to the
train for the tests. This box enables the
sensitivity level of the various ATP receivers
oh the traln to be checked, and it also gener-
ates simulations of the field pattern experi-
enced by trains passing at high and low
speeds over transpositions in the speed mon-
itor cable lcops.

Such specialised test equipment is a very
small part of the cost of the whole signalling
system, but there is always a danger that a
very highly competitive situation at the tender-
ing stage of a project may lead to such items
being omitted, and may then leave the cus-
tomer without the benefit of proper diagnostic
aids, when he has to operate and maintain
the railway. Perhaps customers should be
particutarly careful to specify their mainten-
ance philoscphy at the tender stage, and
ensure that this problem does not arise.

RELIABILITY, AVAILABILITY ETC.

A relay-based signalling scheme has quite
a large amount of diversity built in to it, by
virtue of the physically separate circuits used
for each function, or route. Certain elements,
usually not concerned directly with safety, are
common to the whole scheme (e.g9. power
supplies and cable routes, operators’ control
facilities elc.) and on the largest schemes,
these are often duplicated, to provide an
improvement In availability.

Safe computer systems are highly central-
ised, in that the processor carries out differ-
ent functions in sequence. Instinctively, the
designer might aim to include more fault
tolerance as the results of losing the system
become more severe, or as the accessibility
of the equipment is reduced (e.g. at the
trackside, or on-board trains). The designer
has to make the difficult decision as to wheth-
er ta pay the (significant) extra cost to obtain
a fault-tolerant system, or whether he can
meet the MTBF regquirement purely by careful
desfgn.
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Fig. 5a. Depot tester concept- Recife Metro.
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Fig. 5b. Depot tester concept - Dockiands Light Railway.
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Examples of B.R. S8l in service test equipment.

Fig. 6.
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The writers of performance specifications
must avoid over-specification as much as
under-specification of requirements. It is very
easy 1o add an extra zero 1o the required
MTBF, when writing the specilication. The
manufacturer has to minimise the financial
risk of failing to meet the performance require-
ment, and may have to over-complicate the
design by providing unnecessary fault toler-
ance. Thizs may leave the customer with a
much more difficult task throughout the life
of the equipment.

Predictions of MTBF for computer systems,
based largely on military data bases, often
seem to be very pessimistic. The experience
s¢ far gained with systems in harsh environ-
ments is about as reliable as had been
predicted, even when (as with S8l trackside
modules at Leamington Spa} it is subjected
to gruelling pre-commissioning tests. The
expense, and complexity, of adopting a tripli-
cated processor configuration in such cases
would probably not be justified.

CONCLUSIONS

Signalling In the future is, 1 believe, going
io be very different from the past. There will
always be a place for the “traditional” signal
engineer, with his experience of railway oper-
ations and his knowledge of signalling prin-
ciples, but at almost every stage in the imple-
mentation and maintenance of signalling
schemes, new skills are evolving (and will
have to be taught).

The new technology can be used, with
care, to provide more cost-effective signalling,
and to provide quite different sigmalling
furtctions.

Standard micro-electronic safety products
and systems developed in advance are already
being used on new schemes, but | belisve
that as confidence grows, and the correct
tools are devised o make the tasks more
controllable, safe software can be written or
adapted, and validated, for each new project.
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DISCUSSION

Opening the discussion, Lt. Col. A. G.
Townsend-Rose thanked the author for a
thought provoking paper.

He stressed the need for indicating to the
technician what was going on inside the
microprocessor. Leamington Spa seemed to
do this well.

He questioned the view that software was
relatively cheap to produce and enquired
whether the mean time between failures
should be achieved by careful design or by
the use of fault tolerant software. Also at
what stage did semi-conductors cease to
function properly.

Lt. Col. Townsend-Rose continued stating
that he had noted that SSI did not behave
exactly like a relay interlocking, as seen by
the signalman. The railways needed to ensure
that signalmen were aware of the implications
of new technology. The new skills required
of technicians was well covered by the paper.

He asked if two-out-three would be the
method of the future or would a single high
confidence computer be acceptable.

Finally Lt. Col. Townsend-Rose commented
on the Maglev braking characteristics shown
in figure 3b. There was a critical point out-
side the station from which the worst sit-
uvation would occur. This was not apparent
in the graph.

The theory of the Docklands signalling
appeared to be right, but there was still a
need for it to work In practice.

In response, Mr. Barnard said that it was
recognised that there was a need for training
for all people working with the system. The
design workstation would enable the signal-
man to be trained on the new system before
it was installed.

He thought that the arguments about two-
out-of-two, two-out-of-three or a single pro-
cessor would continue for some time. What
mattered was learning to live with it and to
be able to repair it quickly in service.

Figure 3b was derived from an early version
of the Docklands data. One advance made
between Maglev and Docklands had been the
development of better applications programs,
to enable more precise positioning of the
markers. In Docklands there were any number
of critical points from which proper stops
were just achievable. The speed monitor
system had one advantage, in that the timer
period could be adjusted to slow down all

vehicles on the system. This was useful
during commissioning, when there was some
uncertainty about vehicle performance.

On Docklands, most of the route setting
would b done automatically. Experience with
the Maglev system, where there was no staff
on the vehicle to deal with emergency sit-
uations, had shown the need to make faults
clearly known to the operator so that he
knew what to do about them. The Control
Centre operator was normally just monitoring
the system, not intervening, and this was
likely to spread to new BR schemes. There
was a difficulty in making sure that such
people understood what was going on and
were able to spot peculiar events as soon
as they happened. There might be a need for
regular deliberate tests of the signalman's
ability to cope with emergencies.

Mr. R. C. Short commented that experience
had shown that it was essential not to load
up the computer with additional tasks, just
hecause it was there. In practice, software
was not as flexible as might be thought and
“a non-volatile” memory was essential for
failure diagnosis.

The idea of a speed control system based
on counting the track cable transitions had
been suggested over 20 vears before, with
the BR "wiggly wire”. Advances in micro-
electronic technology had made it practicable.

There was a requirement for more efficient
methods for checking and validating safety
software. BR were very active in this field.
The S8l workstation had many in-built facil-
ities to automate the checking of vital system
data but there was scope for further de-
velopment.

A common data language for all vital sys
tems would be of great benefit. Common
software and hardware tools could then be
used for data preparation and checking.

A comprehensive data preparation manual
had been provided for the SS! design work-
station, supplemented by the in-built syntax
checking.

Looking to the future, there was a need
to learn more about how micro-electronic
equipment could fail. Existing design and
self-checking facilities were aimed at con-
jectured possible faillure modes. There had
heen little experience, so far, of actual
failures.



132 LEARNING TO LIVE WITH MICROELECTRONIC SIGNALLING

Designing equipment for reliable operation
under high electromagnetic interference was
also more an art than a science and, again,
needed further experience.

In response, Mr. Barnard said that, given
the correct tools, changing software could
become a more manageable and quicker pro-
cess, with greater confidence in the product.

Any common language for data preparation
and testing should be at a level for under-
standing by signalling engineers. Syntax
checking should deal with coding problems.

A significant peopulation of S81 equipment
was now in existence. No pattern of failures
had emerged so far, apart from certain
Latches of components. It was too early to
say if some of the failures which were en-
visaged at the design stage, and for which
complex hardware and software checking had
been provided, would actually occur. It would
be very useful to keep a database of the ways
in which systems did fail in practice.

Mr. C. A. Porter commented that one prob-
lem with living with anything was component
obsolescence. In other industries it was
accepted that electronic systems were re-
placed every five to ten vyears. Railway
authorities expected systems to work for 20
years and would prefer 40. The signalling
industry had to use components that were
freely available on the general market and
create economic systems from them. It was
no longer able to produce its own com-
ponents. Currently used components had such
long lives that, when they did fail. replace-
ments were no longer available. Specification
of a spares policy was becoming increasingly
difficult. Some systems might have to be
replaced because the equipment designer had
not allowed for replacement of component
parts.

In response, Mr. Barnard said that, in the
past, part of the cost of relay interlocking
had been the provision of workshop facilities,
by the contractor or the customer, for main-
tenance and repaiv. There was no modern
equivalent for electronic equipment.

Mr. B. Hillier asked if the Docklands Line
inductive loops had suffered from the atten-
tions of permanent way people or from theft.

Mr. Barnard replied that the speed monitor
system required markers at regular intervals
along the track and that the cable loops were
the only way to provide them. The system
was new and there had been little mainten-
ance to date.

Mr. C. A. Porter intervened to say that
very little cahle had disappeared from the
site. There had been problems with damage
to the cable retaining clips, due to installation
staff "legging” trollies along the track. Once
staff had been suitably advised there were
no further problems. Similarly, pcrmanent
way staff might not realise the significance
of the cables unless this was pointed out to
them.

Mr. K. E. Hodgson commented that major
signalling schemes, such as Yoker, had a
projected life of 25 to 30 years. It was ex-
pected that sub-systems would nced to be
replaced several times in that period. There
vras a necd for such raplacement to be taken
into account at the design stage.

The paper suggested that the railway sig-
nalling profession needcd to ally itself to
some other industry. Movement into the eles-
tronic world had meant that signal engineers,
who understood the problems, were still
needed, although they might not have the
commanding role that they had in the past.

it was probably too early to start talking
about fallure statistics to measurc the suc-
cess of the new systems with any confidence.
There was still a need to study failurc modes.

Mr. Barnard replied, that like-for-like re-
placement of current electronics should be
possible, but may be costly.

There was a great deal of commonality in
the sort of control hardware that was being
used in various industries. The signalling in-
dustry was increasingly becoming a user of
telecoms services in all varieties. Many in-
dustries were concerned with information
processing and display and many people
working in this area. It was not possible to
predict how the railway signalling industry
would develop. It was likely that the applic-
ation of signalling principles would remain,
although the skills offered by the people con-
cerned may change.

Mr. B. H. Grose asked if the transposed
loop system checked the phase reversals at
each transposition, as had the original BR
“wiggly wire”, or did 1t only look at the
effective amplitude modulation.

Mr. Barnard replied that the transpositions
of the "wiggly wire” were detected using
phase detection technology that was not
avalilable at the time of the BR experiments.

Mr. B. D. Heard commented that it was
worth remarking that the computer was only.
a small part of the cost of the whole scheme.
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The trackside equipment, signals, point
machines, track circuits and cables formed
the major part and were still expected to
last for 25 to 40 years. What would be reg-
uired of the suppliers was equipment that
could be easily replaced and updated without
impairing the inherent level of safety.

He asked if the ATO compared the “wiggly
wire" transitions with an on-board tachometer
and how was this done on Maglev?

Mr. Barnard responded that the immense
devefopment costs of systems like SSI req-
uired that there was timely exchange of in-
formation from the contactors on compoenent
supply difficulties and from the users on
when equipment was starting to wear out and
reach the end of its useful repairable [ife.
There needed to be ample time in which to
justify the cost of a redevelopment exercise
to design replacements. It was virtually
certain that, in ten years time, the SS8I mod-
ules being installed would not be directly
interchangeable with the current ones.

On the Docklands railway there was a
hierarchy of ways of measuring distance.
The station to station distance was defined
by the inductive data links. The number of

transitions between strategic points was
stored on the train. The tachometgr indicated
wheel revolutions, which were affected by
wheel wear and wheel slide in braking. Each
method was used to recalibrate the finer
resolution method. While running between
stations, the number of transpositions passed
was more informative than wheel revolutions
but station stopping position was most im-
portant.

On Maglev, BDoppler radar was used to
measure speed. This could be integrated to
determine short distances but it was not
adequate for long distances, due to inherent
errors in the process.

In proposing a vote of thanks to the author
for an interesting and stimulating paper, Mr.
F. M. Hewlett commented on the suggestion
that software costs were relatively low, con-
trary to commercial computer experience. In
the railway environment the hardware needed
to be far more rugged and reliable, and hence
more expensive. He also emphasised the
benefit, brought out in the paper and the
discussion, of close co-operation between
supplier and user.
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Technical Meeting of the Institution

held at

The Institution of Electrical Engineers

Monday, 9th March, 1987

The President (Mr. J. G. Oehler) in the Chair

The Minutes of the Technical Meeting held in London on 10th February, 1987 were
taken as read and signed by the President as a correct record.

The President then introduced Mr. Dickens whe was kindly standing in for Mr. R. C.

Nelson (BR-ScR) and requested him to present Mr. Nelson's paper entitled “Yoker Integ-

rated Elesctronic Control Gentre”.

Yoker Integrated Electronic

Control Centre

By Mr. R. C. Nelson*

INTRODUCTION

Railway Signal and Communications Engin-
eering has been in a state of evolution from
the earliest days when an enterprising railway
employee decided to control the points for
which he was responsible from levers grouped
together Instead of walking irom one set of
points to another for every train movement.
Inspiration for the mechanical signal probably
came from naval practice and a small hut
with chair and stove completed the specific-
ation for a comfortable and none too arducus
existence. Many of mankind's best inventions
have their origins with someone seeking to
ease the burden life has placed upon them
rather than from reasons of philanthropy or
the pursuit of wealth. This tale may well be
apocryphal but that is of no great conseg-
uence. The important fact is that once nail-
ways grew beyond the stage of merely being
a link between colliery and town, there was a
need to find a method of controlling train
movements in a manner that combined safety
and efficiency. For 150 years this policy has
not changed.

Undoubtedly, the first attempts were make-
shift and not always successful but profes-
sionalism in Railway Engineering was not long
in hecoming established, since when, the
Railway Signal and Communications Engineer
has led the world in the creation of control
systems. For the first 75 years these advances
were not well documented, but over the 75
years that have elapsed since the formation
of the LLR.S.E. every advance has been the
subject of a paper and discussion at the
meetings of the Institution.

This paper is intended to follow this policy
and give a description of how microprocessor
Engineering is being applied to signalling
systems on British Railways in the form of the
Integrated Electronic Control Centre. It is a
cumbersome name and may yet be displaced
by a meore euphonious title. However, the
present day fashion for acronyms is useful
and already the initiais IECC are in regular
use.

*B.A.- Sc.R.
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Distribuied computer systems

Computer control in the manufacturing and
processing industries has been a well estab-
lished feature for many years. Machine tools
are controlled in this manner and computers
are relied upon for supervisory and operational
purposes in the petro chemical, huclear, stesl
and electrical generation industties. In recent
years the move has been to link computers
rather than have each computer system oper-
ating in isolation.

In a distributed computer system the com-
puters, which control the various stages in a
complex flow process communicate with each
other, thereby obtaining information that will
influence the manner in which each computer
controls its own particular function, Develop-
mentsin communication links for computers and
advances in microprocessor technology have
allowed this change in control engineering.

Few staff are required to be on duty, it
being sufficient to have one supervisory point
with perhaps only one or two people keeping
watch on a process that has a high volume
output, little or no rejection arising from poor
quality and stringent safety standards. The
computers have sufficient self diagnostic cap-
acity to give warning of failure or problems
and fo substitute alternative methods of oper-
ation more rapidly than can be achieved by
humans.

Railway signalling systems are integrated
control systems and have been from the days
of the mechanical interlocking frame, through
the era of relay interlocking and into the solid
state interlocking.

The IECC is yet another step in this process,
albeit a significant one.

Design objectlves of the IECC

The primary objective of an JECC is to
exploit the opportunities presented by the
recent and rapid advances in microcomputer
technology for the purpose of signalting trains
and to provide comprehensive real time in-
formation systems for passengers and staff by
making maximum use of proprietary hardware.

The design of the IECC also has to meet
the following objectives:-

(a) To use network techniques for linking
the microprocessors that are required
in signalling and information systems.

(b} To have a unified language for com-
munication around the network and
within each system connected to the
network.

{c} To have a tranparent communications
link to allow fulure changes without the
need to change systems connected to
the network.

(d) Upward compatibility from the selected
family of microprocessors.

Origins of the IECC

There could be a temptation to regard the
IECC as an enfirely new approach to the
design of railway signalling systems and one
which has litlle to acknowledge from current
practice. Superficially, thoughts of this nature
are understandable, as we are talking about
a signalling system that is entirely automatic,
has no hard wired panel and uses nothing but
electronic components. However, closer exam-
ination of each of the sub-systems that com-
prise an |ECC readily reveals a railway parent-
age of excellent pedigres.

Electronic Engineering is not new to railway
signalling. For quarter of a century there has
been a steady growth in the application of
electronic devices, initially in non safety
applications and increasingly, as electronic
components have become more reliable,
smaller and cheaper, directly into safety cir-
cuits. Perhaps the most dramatic change has
been with interlockings where, until recently,
electro-magnetic relays dominated, yet already
the microprocessor based solid state inter-
locking has become the standard for new
signalling schemes on many administrations.
A two wire data link suffices for the connec-
tion between the SSI and data link modules
that serve the trackside equipment. Control
panels continue to be of the hard wired push
button style as there has not been complete
acceptance of the television monitor as the
sole means of display but the few applications
that exist have demonstrated the feasibility of
this method.

Automatic Route Seftting is by no means a
recent innovation on railways but generally
was applied on the basis of "first come, first
served” at junctions or to a pre-programmed
pattern which could take no account of late
running. In 1983 the Southern Region of British
Railways introduced a microprocessor based
system on the Three Bridges Scheme. 1t ap-
plies to the Haywards Heath area on the
Brighton line. The software is written in a
manner that allows the pattern of route set-
ting to be changed in accordance with pre-
determined strategies for trains that are run-
ning out&f ‘codrse.
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Passenger Information Systems have also
become computer-based and can provide
information on a real time basis by means of
information obtained from the train describer.

Train describers, of course, were one of
the first applications of computers for railway
signalling purposes and many of the earliest
computers are still in service having outlived
their counterparts in non-railway applications
by many years. Clearly the sub-systems that
form the modern signalling system were all
capable of being computer-based and already,
as can be seen in Fig. 1., the interdependence
of the sub-systems had reached an advanced
state. The next stage was to establish the
possibility of linking the sub-systems in the
manner of a local area network and also, if
not entirely, eliminate the human link, give
consideration to having a signalling and in-
formation system that could operate automatic-
ally for a high proportion of the working day.
Fig. 2. demonstrates how the standard NX
panel, relay interlocking, train describer and
information systems can be represented in
computer style configuration.

THE COMMUNICATION NETWORK

An IECC is a distributed system and the
vital part of distributed systems is the com-
munication link.

The communication link has to provide data
to each sub-system at speeds appropriale to
the nature of work performed by the sub-sys-
tems and with a reliability that is related to
the function of the the system under consider-
ation. Clearly, a railway signalling system
requires rapid flows of data to the interlock-
ings in order to ensure that routes are set as
soon as they are required and, in return, the
signalman must have up to date information
on the control panel of the state of the main
components of that system, e.g. track occu-
pancy, position of points and description of
trains. Total failure of this process is not
acceptable.

There are several methods of providing a
communications network. The one selected
for the IECC is based on a proprietary local
area network (LAN) product as it comes
nearest to meeting the requirements of the
IECC in terms of minimising development
costs, satisfying speed of transmission, provid-
ing a high degree of reliability and in ensuring
that the system does not become life-expired
prematurely due to lack of spares or inability
to adapt it to changed circumstances.

Signalling and information networks

The configuration adopted for the 1ECC is
shown on Fig. 3. The IECC consists of a num-
ber of discrete sub-systems, sach of which
is responsible for a particular fungtion, It is
not necessary for every sub-system to be
present on every IECC and consequently
information is not distributed around the net-
work in a general manner but, instead, each
sub-system in need of data goes directly to
the source of the data. In order to reduce the
load on the network, it has been constructed
in two parts, the signalling network and the
information network with a device known as a
gateway providing the intelligent interface.

The sub-systems that form an IECC are:-
Signalling Network:

(a) Signalman’s Display System (SDS)

(b) Automatic Route Setting (ARS}

{c} IECC System Monitor (ISM}

{d) Interlockings (S8l or RRI
Gateway:

Infarmation Network:
{a) Passenger Information System  (PIS)
(b} Management Information System (MIS)

(c) Staff Information System {81S)
(d)} Track to Train Radio (TTR)
(e) Adjacent Signalbox Link (ASL)

Reliability of operation is achieved by duphi-
cation of the networks and duplication of each
sub-system linked to the network.

Network definitions

In order to appreciate the operation of a
communications network, the following terms
require to be understood:-

(a) SYSTEM - A processor that performs a

set of tasks.

(b) MASTER- A system that initiates com-
munications.

{c) SLAVE - A system that does not initiate
communications.

(d) NETWORK - A common communication
link shared by a group of systems.

{e) SENDER - The initiating and controlling
system for a particular communication
sequence.

{f) RECEIVER - The responding system for
a particular communication sequence.

{g) CHANNEL - A two-way communication
path between a pair of systems.

{h) CONNECTION - Activation of a channel
which is to be dedicated for a partic-
ular communication.

(i) LINK-A number of channels bstween
a pair of systems.
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Netwark architechture

There are several options available for the
architecture of a LAN, the most widely known
being:-

{a) Register Insertion Ring

(b} Token Passing Ring

{c) Baseband bus

The chosen method had to meet the very
exacting requirements of an IECC in terms of
connhection times, throughput, flexibility, trans-
parency, reliability and cost. Connection times
place a particularly onerous burden on the
protacol as a master system requiring to
establish communication with another sub-
system has to select the channel and make
the connection within 10 milli-seconds. Data
transfer time must not exceed 250 mS, follow-
ing which the master breaks the connection.
In order to ensure the sub-syslem processors
deal only with current data, each master
attempts to make a connection with each of
the relevant sub-systems in cyclic fashion on
a priorify basis. Under normal conditions a
communication requirement should be satisfied
within 250 milli-seconds.

The register insertion ring was selected as
the most appropriate methed for the require-
ments of an [ECC and 1.5 megabits per sec-
ond operating speed ensures the specified
connection times. The greatest delay in net
work propagation occurs at the nodes as
there is a small but finite delay to the 80
character message at each active node.

This method also permits virtual circuits to
be established, thus providing a private com-
munications path between two sub-systems
for the exchange of messages.

Messages are transmitied in ASCI format
containing the identity of the sender and the
identity of the receiver. Each node has four
identities allocated to it, thus allowing sys-
tems to communicate without the nead to
establish which leg of the duplicated network
or which of the duplicated sub-systems is in
use.

System duplication

A hot standby duplicated system is an
essential feature of an 1ECC. There is duplic-
ation of the network and duplication of the
sub-system, with each partner of a sub-system
being linked directly to the network. One leg

of the network, along with the associated
noedes and sub systems linked to these nodes,
is designated “Main” whilst the other cne is
designated "Standby’. The multiple identities
allowed by the use of virtual circuits means
that main and standby sub-systems are con-
tinually updated and are also able to com-
municate with each other by means of the net-
work thus eliminating the need for an extra
communications port.

The computer designated as standby will
run its application software and monitor its
partner which will be running as the main
computer. It will change to main status if it
detects a failure in its partner or if instructed
manually to changeover.

HARDWARE

Hardware that will become outdated
in a short time or be unable to be adapt-
ed to accomodate enhancements or change
is not acceptable for an |ECC. Common
hardware from one well established manu-
facturer, concentration on a family of
boards, along with a standard bus and
backplane will minimise spares holdings and
test equipment, allow change of boards
between sub-systems and reduce repair
times.

These features give the high availability
demanded of an IECC.

The selected bus architecture is the
MOTOROLA VME bus. 1t will support a large
variely of proprietary and third party products.
Only four boards are required to meet the
requirements of all sub-systems of an 1ECC,
these being:-

(a) MVME 101 monoboard microcomputer.
lt has an MC68000 16 bit m.p.u. with
256k of memory and RS232 ports for
connegction to the network. It runs the
network and duplication services soft-
ware.

(b) MVME 123 Microprocessor Module.

It has an MCB8010 cpu with 512k byte
RAM. % runs the main application soft-
ware.

(c) MVME 211 RAM/ROM/EPROM
1t has 512k byte storage for the soft-
ware.

(d) MVME 215-2 RAM
It has 512k for extra RAM and provides
battery back up for power failure.
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Fig. 4. shows the layout of the bus for the
signalling display system computer unit.

The cards fit into standard racks in 19 inch
Euro Rack cabinets which measure 1800mm
x 600mm giving 38U of racking space.

SIGNALMAN’S DISPLAY
SYSTEM (SDS)

The SDS is the controlling point of the
IECC taking the place of the NX panel. It
comprises one ar more work slations each
consisting of up to five high resolution (768 x
364 pixels) monitors with 20" screens. One
monitor is required for information called up
by the workstations keyboard or for the dis-
play of the track layout either for the entire
area that is controlled from that workstation or
for close up views of specific sections of the
line. Fig. 5. shows the block diagram of the
SDS hardware.

A video switch using co-axial relays allows
switching of the RGB video signals from
either of the computer units to the selected
monitor. This facility combined with the dupli-
cation of the computers and the network
ensures the high reliability which is particular-
ly essential for the SDS to avoid the pos-
sibility of no picture being available to the
sighalman.

Whilst route setting on an IECC is intended
to be automatic by means of ARS, a manual
route setting facility is necessary. A solid
state QWERTY keyboard with capacitive
coupled keys can be utilised to call up the
signal numbers of each route and the appro-
priate function key is then operated. In order
to speed up manual route setting, the tracker
ball method is also incorporated. The tracker
ball has the appearance of a yellow snooker
ball partially recessed in the workstation
table. By spinning the ball, a cursar can be
aligned over the appropriate function on the
monitor and operation of the associated push
button in the tracker ball unit corresponds to
the pushes on an NX panel. The keyboard is
used also to enhance display detail on the
monitors such as track circuit and point num-
bers or to interrogate other sub-systems, the
information then appearing on the general
purpaese monitor.

The VDU's have a permanent display of
the track flayout supplemented as appro-
priate with route set Indications, track cir
cuit occupation, signal agpects, point positions,

train descriptions, possessions and isolations,
in accordance with size, colour, presentation,
as defined in the B.R. specification for VDU's
used for signalling operation.

AUTOMATIC ROUTE SETTING (ARS)

ARS eases the burden of simple repetitive
tasks imposed on the signalman and is the
key to reducing staff levels, thus forming one
of the principal reasons for investment in this
form of signalling control.

Fig. 6. shows the functions to be carried
out by the ARS. It keeps an updated medel
of the state of the area with information
obtained from the interlockings and the SDS.
This information is related to the timetable
plan which is obtainred from the timetable
processor. Predetermined regulation strategies
are applied in order to establish the priorities
for route setting at junctiens and at termini.
The ARS has the ability lo test the freedom
of routes by means of its model state of area
and send commands to the SSI to set routes
in the order determined by these regulation
strategies.

It has the ability to set up to 20 routes per
minute and calculate the route sefting of up
to 50 trains in real time on an area that could
have up to 800 available routes.

The SDS supplies train description inform-
ation to the ARS and the ARS supplies the
SDS with alarms for route setling faults, track
circuits occupied or cleared out of sequence
and non time tabled train movements. These
alarms appear on the general purpose monitor.

IECC SYSTEM MONITCR (1SM)

Central monitoring, testing and configuration
control is essential to the management of an
IECC. The ISM provides:-

{a) Overall network management and
maintenance.

(b} Management of alarms.

(c) Logging of errors.

(d) System and network configuration
management.

{e} Generation of messages to sub-systems.

(f) Interception of messages passing bet-
ween sub-systems,

{(g) Emulation of sub-systems.
{h) System interrogation.
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Fig. 5. SDS block diagram.
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The ARS generates large volumes of log-
ging information but this information will be
held within the ARS. Other sub-systems will
use the 1SM logging facility which is provided
on high capacity tapes in ASCIl format.

Alarms and errors reperted via the network
to ithe 1SM can be categorised inte class 1
and 2 levels and an appropriate form of dis-
play applied to the technician’s monitor and
to the signalman’s general purpose monitor.

The 1SM can be interposed between any
two sub-systems thus allowing analysis of the
data being passed between them. It is linked
directly into both legs of the information net-
work and both legs of the signalling network
thus giving direct access to all nodes and
both computer units of the sub-systems.

Interrogation and reprogramming of nodes
and sub-systems will be achieved by means
of the 1SM and it provides also manual switch-
ing facilities to change the status functions
{main/standby/available /discennected).

THE GATEWAY

The Gateway is an event driven sub-system
which sends and receives messages from
both networks. The information network reg-
uires data on track circuit occupancy, train
descriptions, routes set, signal aspects and
identity of contingency plans though each
sub-system on the information netwerk has its
own specific permutation of this data.

Change of state is transmitted from the sub-
system (ARS, SSI) to the gateway and held
there. The gateway has to have capacity for
an area that can contain up to 200 signalled
routes, 200 signals, 200 berths, 200 track cir-
cuits and 100 trains.

Conversly there is a data flow from the
information network to the signalling network.
Adjancent signal boxes communicate in this
manner, providing train description data for
the SDS and the ARS.

Each sub-system on either network will
interrogate the gateway for the data that it
requires from the relevant sub-system on the
other network.

IECC CAPACITY

The size of an IECC, in data terms, can be
gained from the following statistics:-

An SDS has 1M byte capacity

A gateway has 350k byte capacity
An ARS has 150k byte capacify
An SS| has 40k byte capacity

INTERLOCKINGS

The British Railways standard 3$S| is an
inherent part of the IECC though provision
can be made for relay interlockings to be
controlled from the signalling network. The
interlocking is a slave which means it acts
only on Instructions from other sub-systems.
Instructions to set routes will come in hexa-
decimal code from the ARS or the SDS. The
gateway, ISM, ARS, SDS will each request
regular updates of information. This inform-
ation is held on the communications proces-
sor associaied with each interlocking and
there is a file for each of these master sub-
systems to allow them to be served simul-
taneously. The signalman's VDU should, at
worst, never be more than 1250ms out of step
with information held on the communications
processor.

The sub-systems con the information net-
work are coupled fo the neitwork by data
protocol convertors. The convertors change
the protocol required for the network into the
protocol required for the devices that are to
be connected to the network, e.g. train radio,
passenger information system or adjacent
signal box link. A protocol convertor consists
of the VME bus and the MVME boards, thus
providing standardisation with the equipment
used on the sub-systems of the signalling
network.

THE YOKER IECC PROJECT

The North Clyde Suburban Railway

Yoker is one of several towns on the banks
of the River Clyde between the upper limits
of navigation in the centre of Glasgow and the
start of the Firth of Clyde at Gourock. These
towns grew and prospered on shipbuilding
and although little shipbuilding remains, there
is still sufficient passenger traffic to sustain
the long established North Clyde Suburban
Railway. The suburban railway network around
Glasgow is extensive and there are two low
level routes through the City of Glasgow to
give through running from Helensburgh and
Balloch in the West to Airdrie in the East via
Queen St Low Level and to Motherwell and
Lanark in the South East via Central Low
Level. The Airdrie to Helensburgh line, and
branches, was British Railways pioneer vent-
ure into 25kV traction in 1960, along with the
Manchester to Crewe scheme.
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Exisling signalling system

The introduction of 25kV traction in 1960
required a major resignalling scheme but the
scheme came too early to allow the applic-
ation of remotely controiled relay rooms.
Power boxes with NX panels and route relay
interlockings were provided at Hyndland and
Dumbarton to control the lines within a 2 mile
radius of these localities but elsewhere the
existing mechahical signalboxes were retained.
Lever frames control points and shunt signals
and the multi-aspect main line signals are
controlled from switch panels mounted on the
block bench. Absolute block working applied
to the mechanical signalboxes and train des-
cribers were provided at Hyndland and Dum-
barton power boxes. Since 1860 the freight
traffic has declined but headway requirements
necessitate the retention of the mechanical
signalboxes even though sidings and loops
have been removed.

Strathclyde rail review

Whilst the Glasgow suburban services are
well patronised, receipts do not cover expend-
iture. Strathclyde PTE makes good the de-
ficiency, cwrrently running at £26m p.a., as
part of their policy of having an integrated
public transport service in the Strathclyde
Region. A joint review of these services has
been carried out by Strathclyde and ScotRail
to identify ways of reducing costs whilst im-
proving the service to the customer. To meet
these objectives on the North Clyde services,
the following action was agreed:-

1. To have one depot for train servicing
and stabling of stock. At present the 51
class 303 units required to operate the
North Clyde service are cleaned at
Bridgeton but imadequate capacity in the
yard means that only a few units can be
based there, the rest being held at Air-
drie, Helensburgh, Balloch, Milngavie
and Springburn.

2. To have one train crew depot instead of
the present seven crew depots.

3. To replace the present 17 signalboxes
with one signalling centre.

4. To combine servicing depot, train crew
depot and signalling centre with a com-
men administration service under the
control of an Area Management team
responsible for the North Clyde Service.

5. To have driver only operation on the
electric units.

6. To have a real time passenger inform-
ation system at each of the 47 stations.

The requirements for a combined train
servicing train crew depot were mst by locat-
ing the new depot on the site of the former
freight yard between Yoker and Garscadden
stations. This site has the advantages of hav-
ing sufficient space and being midway bet-
ween Airdrie and Helensburgh. The adminis-
tration building for the depot will incorporate
the control room for the IECC.

Glasgow North suburban
train services

The daily train movements on the lines that

"are to he controlled from Yoker are shown on

Fig. 7. Traffic regulation on these lines is a
skilied task due to multiplicity of signalboxes
and the fact that there are 11 "“flat” junctions.
Only Finnieston Jcn. possesses a flyover
facility and it is unlikely that the other junc-
tions wil be reconstructed in this manner.
Between Hyndland East Jen. and Finnieston
Jen., the timetable headway is 5 minutes off
peak and is 2 minutes at peak times. The
alternating pattern of the train service reg-
uires both these junctions to be operated for
every train movement. Betlween Westerton Jcn.,
and Craigendoran Jcn., paths have to be found
for the passenger and freight trains for the
West Highland Line. The Springburn line is a
branch line in passenger terms but it is a
through line for freight trains. These trains
run also on the Airdrie line between Bellgrove
Jen. and High St. Jcn. At Sunnyside Jcn.
freight trains cross the Airdrie line to gain
access to Gunnie Yard.

Despite these difficulties, the Glasgow North
“electrics” have a good reputation for time-
keeping, frequently attaining 95% right time
on a daily basis. Nevertheless, once the ser-
vice pattern goes awry for any reason, the
lack of centralised control impairs the task of
restoring normal services. Keeping the cus-
tomer and, indeed, the staff informed under
these circumstances is a near impossibility
and does little to enhance the railway’s image.

Centralised control, automaltic route setting,
a real time information system, and train radioc,
are features that are essential for a suburban
train service of this nature.
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The Yoker resignalling scheme

The principal statistics for the Yoker Scheme
are:-

Route Miles 64.6
Single Track Miles 110.9
Point Ends 116
Running Signals 212
Shunt Signals 42
Signalled Routes 334
Track Circuits 428
Solid State Interlockings 5
Reilay Interlockings 1
Work Stations 2

The SSI's will be housed in the equipment
room adjacent to the control room at Yoker.
Each SSI controls a defined area as shown in
Fig. 8. The relay interlocking is located at
Craigendoran.

This interlocking was commissioned in
1984 and economically it made sense to
provide an interface between the IECC signal-
ling network and Craigendoran rather than
replace the relay interfocking with an SSI.

Work stations

Two conirollers, each with their own work
station, are required for the supervision of
train movements. The boundary between their
areas of responsibility Is shown on Fig. 8.
Work station design is in progress with the
assistance of ergonomics experts from Lough-
borough University. First thoughts on how the
control room will appear are shown on Fig. 9.

A third position, for supervisory purposes
only, will be provided but it is not intended to
be staffed continuously.

Diverse routing

Concentration of the SSI's at Yoker obvious-
ly increases the possibility of catastrophic
failure should the data link cables suffer
damage. To mitigate the effects of such dam-
age, diverse routing techniques have been
applied. Advaniage has been taken of the
existence of the two routes between Dalmuir
and Hyndland to give duplicated and sep-
arate cable links for the lineside equipment
associated with the Yoker Hyndland and Fin-
nieston interlockings. The lineside equipment
served by the Sunnyside interlocking will be
fed by two separate p.c.m. links over tele-
comms. trunk cables. Dumbarton will be

served by duplicate p.c.m. links but the lack
of an aliernative route limits the effectiveness
of this method.

Fig. 10 shows the proposals for diverse
routing.

Communication with trains

The electrical multiple units will be fitted
with a secure UHF radio system thus allowing
driver only operation. Fixed stations linked by
landline to Yoker ensure complete radio cover
over the entire system and hence the drivers
of these trains will have no need of signal
post telephones.

The West Highland trains are hauled by
locomotives from a caplive fleet specially
fitted with a VHF band Ill radio system for
operation on the RETB system on this line.
These trains will use this radio for commu-
nication with Yocker when running between
Craigendoran and Westerton. Signal post tele-
phones will be required between Springburn
and High Street and at Sunnyside Jen. as
there can be no guarantee of radio fitted
locomotives on the freight trains.

Information systems

At the time of writing this paper, a decision
on the nature of the information systems to
be provided had not been taken. It seems
certain, however, that there will be public
address facilities at every station with syn-
thesised voice announcements actuated by
the train at specified localities. The inform-
ation network will provide relevant information
for the announcement.

At present, Partickhill, Charing Cross,
Queen 8t L.L., Central LL., Argyle Street,
Anderston, Exhibition Centre and Hyndland
Stations have split flap indicators controlled
from Hyndland signalbox. These indicators
could be driven from the Yoker information
network and, of course, there would be no
need for the dedicated operator that the pres-
ent arrangement requires.

Fringe signalbox links

The data links to Motherwell, Glasgow
Central, Gowlairs and Slighthill are coupled
to the information network at Yoker through
data protocol convertors. T.D. information
on any berth in these four signalboxes/cent-
res can be displayed on the Yoker operator's
general purpose display monitor.
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CONCLUSION

The introduction of the IECC concept to
British Railways represents a fundamental
change to the signalling of trains and the
provision of real time information to passen-
gers and staff. It is not an exaggeration to
say that the IECC can be compared with the
major advances of previous decades such as
mechanical interlocking, celour light signals,
relay interlockings, remotely controlled relay
rooms and $81. This paper can serve only as
an introduction to the subject as each system
on the IECC is worthy of technical paper of
its own.
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DISCUSSION

Opening the discussion, Mr. D. Lamb
thanked Mr. Dickens for presenting the paper
on behalf of Mr. Nelson and asked him to
convey the best wishes of the meeting to
Mr. Nelson for a speedy recovery.

There have been arguments on the merits
of panels and VDU's, whereby signal engin-
eers have tried to copy a panel and present
it on a VDU. At the same time the signalman
may not need to have an overview of the
network when he has little control over much
of it.

Were there difficulties of acceptance by
the wuser of the automatic route setting
system?

How much training was required by the first-
line technician. If his job was reduced to
that of a board changer, how was his interest
to be maintained?

How did the complex network recover from
a power failure. What happened to data in
the memories. How was it ensured that the
resulting picture was correct.

Was the system flexible enough to be used
for much larger and, perhaps more important,
much smaller schemes with only one rack of
solid state interlocking?

In reply, Mr. Dickens said that the overview
provided was more basic than the NX panel,
which was all that was required. The close-up
view had all the information expected on an
NX panel, as was required by the operators.

It was his impression that signalmen were
happy with the automatic route setting,
although he understood that, at Three Bridges,
they would sometimes switch it off in order
to keep their hand in.

At the present time everything was new and
everybody, including the technicians, were en-
thusiastic. The problem of retaining that in-
terest was very difficult, but had to be faced.

As with a conventional system, this system
would recover from power failure in a safe
manner. In any sub-system, the microproces-
sors would decide to enter a stand-by and
master state after a delay of one minute.

The question of flexibility had not yet arisen.
Perhaps Southern Region colleagues could
comment.

Mr. C. Hale intervened to say that, at Three
Bridges. the signalmen were [nitially doubtful
of the automatic route setting but a recent
check had shown that it was being used as
the normal course. They agreed that it got
traffic back to normal running in a quick and

effective way. The signalmen occasionally
went into manual to remind themselves how
to operate it.

Mr. P. Cuffe commented that the Dublin
DART had some simplified elements of the
Yoler scheme, but without any solid state
interlocking. They were using commercial DEC
computers in a main and hot stand-by con-
figuration. The DEC regular maintenance man
attended in normal commercial working hours,
thereby reducing the system to onhe machine
at a heavy traffic time.

Some common mode failures had been
experianced, in the changeover switch itself.

Mr. Cuffe asked if consideration had been
given to using tied British Telecom data lines
as an alternative to the railway route for the
override facility.

The operators appreciated the overview
facility, especially in difficult circumstances,
to get a picture of the whole system. How-
ever, it was a surprise to find that two per-
manent screens were adeguate for the Yoker
scheme. Dublin used 12 screens for a smaller
system.

He also enquired if the traction supply con-
trol was in the same room as the signalling.

In Dublin there were two meén on duty, one
was the overall signalman and the other acted
as relief. CCTV crossing supervision was on
a separate desk. The men rotated every two
hours.

For Dublin, there were two categories of
audible alarm, critical and informational. The
number of alarms generated needed to be
restricted, otherwise they became trivialised.

When selecting what data should be logged,
it was necessary to have flexibility and room
for afterthought.

Time stamping of reports could present
problems, either between separate systems
with clocks not in synchronism or under fail-
ure conditions when record serial numbering
became reset.

He noted that the Electricity Supply Board
had found it useful to provide a duplicate
system display for the information of man-
agement. DART had found that there was
no difficulty in retraining signalmen and tech-
nicians in the new system, but no thought
had been given to the needs of management.

Mr. Cuffe noted that there was mention in
the paper of the use of Band 3 VHF radio in
lieu of signal post telephones. This could
cause problems of integrity of identification.
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It appeared that the intention was to com-
mission the whole scheme in one go. Ten
local panels had been commissioned in
phases on DART, before the auto-routing was
tested. A full rush hour service was run in
the early hours of 2 Sunday morning and
revealed a number of problems that had not
been shown up by computer simulation. Also
there had been queing problems on inter
computer data exchanges.

In conclusion, Mr. Cuffe stated that the
system generally worked well, and was ap-
preciated by operators and public alike. He
had merely outlined a number of difficulties
that had to be overcome.

In response, Mr. Dickens acknowledged
the problem of the main to standby change-
over.

The SSI system did not have local inter-
lockings, therefore the question of over-ride
did not arise. Long line data links used the
BR PCM systems to avoid cabling costs.

It had been possible to get the whole of
Yoker, with one small excepticn, onto on 20
inch screen, which was quite readable.

The SS! printout gave an indication when
something was wrong. It was for the tech-
nician to deal with this. There would be tapes
recording what happened, to enable the
sequence of events to be determined.

It was accepted that there might be prob-
lems with the Band 3 radios and that tight dis-
cipline between the drivers and signalmen
would be required.

He agreed that commissioning would be
difficult. 1t was intended to proceed in seven
stages, using the simulators to check the
interlockings as they were put in. That left
the problem of the train describer radio
system.

Mr. H. Ryland commented that there had
been much discussion on what should appear
on a VDU. Suggestions ranged from a super-
view of the whole of the West Coast main-
line to very detailed pictures of a small local
area. |t had been agreed that what was
needed was an overview, with sufficient detail
to show a train description in each section
and the relevant signals. Most of the main
route setting could be operated at this level.
Each of the two signalmen were provided
with two permanent screens of overview
showing their area of control and a further
screen for selection of a closg up of any area.

It was noted that SSI used a data driven
system and that the software had to be con-
structed only once. Configuration for any

application was by data prepared by the signal
engineer.

The display system was applicable to any
size of scheme, up to something larger than
Yoker, which did not completely fill the two
over-view screens. The automatic route set-
ting system was also largely data driven,
although it was possible to insert small
amounts of software to meet special oper-
ating requirements.

The alarms at Yoker were in four categories,
system alarms, signalling alarms, train des-
criber alarms and automatic route setting
alarms. They appeared on different parts of
the screens, to avoid confusion.

A centralised clock was provided on the
system and the time distributed over the
network to ensure consistency.

All 881 logging was on tape, to avoid drop-
out problems which could make a disk system
difficult.

581 used uninterruptable power supplies
to try to avoid power failure problems. The
displays would not restore until the necessary
information was obtained from the SSi's.
Missing information would show up as red,
as would occur on TDM link failure. The
flashing colon in the time display was driven
by the software, giving assurance that the
computer was actually working.

Mr. P. W. Stanley commented on the con-
tent of VDU displays. One problem was to
provide an acceptable alternative to the sys-
tems that everyone had become sccustomed.
Simpler displays were probably quite ade-
quate, and cheaper to produce.

There was a need for proper training of
maintenance staff to ensure that they could
correctly identify failures, particularly inter-
mittent failures, so that unnecessary changing
of boards did not occur. The connectors were
a weak link in the system.

The Achilles heel of any system was the
cable bringing information into the signalbox
from outside. This became most important
when a centralised interlocking was installed,
without local interlockings.

Mr. Dickens agreed with Mr. Stanley on
the question of complexity of VDU displays.

The technicians terminal was intended to
inform him which board, or complete module,
required changing.

Alternative routing of cables was supposed
to be provided for $SI, but there were ques-
tions of cost. Beween Dalmuir and Hyndland,
the data links went around both sides of the
loop. The PCM links were also duplicated.
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January 1st to December 31st, 1986
MEMBERSHIP
The following table gives details of the membership changes during the year and the numbers
in each class at the close of the year.

Elections, Transter Registered
Re-admissions . Deaths Resignations Lapses to higher Membership
Transfers class December 31st, 1986
Home | O'seas ! (h) (o) (h} (o) th) (o) (h}) {0) (h) ()] Total
Corporate
Members
Honorary
Fellows - 1 - - - - - - - - 12 6 18
Fellows 10 13 5 1 - 6 - 2 - 1 135 218 353
Members 4 23 2 1 3 2 - 3 6 277 167 444
Non-Corporale
Members
Honorary
Fellows - - - - - - - - - - 1 - 1
Technician
Engineers 4 6 3 - 5 4 - - - 1 141 46 187
Associates 14 36 1 - 11 2 1 - 2 5 172 1889 361
Graduates 4 3 - - - - - 1 4 2 79 18 97
Studenis 12 6 - - 7 4 2 2 9 10 272 45 317
Technicians 5 8 - 1 8 4 - - 3 1 239 71 310
63 96 11 3 34 22 3 5 21 26 13286 | 760 | 2088

There has been a small overall increase of
ihirty-one members during the year made up
as follows:-

Corporate Members

Honorary Fellows + 1

Fellow + 9. +30

Members +20J
Non-Corporate Members

Associates +27}

Students —-20- + 1

Technicians — 6

Recruitment during the year was slightly
higher than in 1985 but there was a marked
increase in recruitment overseas which over-
all was 50% higher than in UK. The largest
part of the overseas increase was in the
corporate membership grades of which the
non-U.K. element is now 60% of the total com-
pared with 46% at the end of 1985. This is
indicative of the increasingly international
nature of the Institution’s activities and the
support and interest which exists overseas.

The Council is grateful to the Recruitment
Committee and those concerned in Australia,
South Africa, Zimbabwe and elsewhere for
the work they do in making people in or
connected with the profession aware of the
Institution and the benefits of membership.

OBITUARY

The decease of the -following members
during the year was noted with deep regret:
Mr. T. Jd. Aldridge, Mr. R. G. Bates, Mr. A,
Brown, Mr. J. H. Currey, Mr. D. M. Hall and
Mr. L. W. H. Lowther (Fellows); Mr. F. B.
Anstey and Mr. S. D. David (Members);
Mr. A. P. H. Crepin and Mr. J. Stratton (Tech-
nician Engineers}); Mr. W. J. A. Sykes {Asso-
ciate}; Mr. B. A. Thomas and Mr. E. R. Welch
(Technicians).

AWARDS

The Council noted with great pleasure the
award in the 1987 New Years Honours List
of the Q.B.E. to Mr. W. H. Whitehouse, Past
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President and Director of Signal and Tele-
communications Engineering, British Railways
Board.

FINANCE

Mr. A. Etchells relinquished his position as
Treasurer after the A.G.M. in April 1986, and
his position has been taken by Mr. C. H. Porter.

On the income side, there was a net surplus
of £2660 arising from a small surplus from
the Convention of £1201, which represents
just over 1% of the turnover for the Conven-
tion, together with an increase in investment
income to £8685. Subscription income increas-
ed by £3715 as a result of the increase in
subscription rates in January 1986, and there
was a small increase to £576 in the profit on
sales of text books and Technical booklets.

On the expendiiure side, accommodation
cosis both for technical and committee meet-
ings have increased sharply to a tetal of
£1925, due in the main to the IEE increase in
charges. The increase in Treasurer’'s fees is
due to having an overlap of four months at
the beginning of 1986 between the two Treas-
urers. Although two newsletters were publish-
ed in 1986, the cost in the Expenditure state-
ment reflects the cost of one issue only. This
is because provision had been made in the
1985 Accounts for three issues to be published
in 1985, whereas in the end, only two were
printed. The provision for this third issue in
1985 has been used o offset the cost of the
two issues published in 1986, resulting in a
charge of £688 to this year's accounts.

The single largest increase has been an
increase of £3838 in the cost of printing the
Proceedings and Technical Papers. Of this,
£1318 was the difference between the actual
costs of printing/distribulion of the 1982/83
issue of the Proceedings, and the amount
provided for them in the 1983 accounts. In
addition, one extra technical paper was pub-
lished. There is now a separate fund shown
in the Balance Sheet to pay for the backlog of
Proceedings. In looking at ways of reducing
printing costs, Council has agreed to a reduc-
tion in thickness of paper for the Technical
Papers, and is assessing the effect on costs
of reducing the thickness of paper used in
the Proceedings.

To improve income, joining fees which have
remained static for many years, were increased
with effect from January 1987, and subscrip-
tion rates will be reviewed during 1987 to see
if any increase is required in 1988.

The L.R.S.E. Scholarship Fund, set up In
1984, continues to increase, with a total In-
come of £818, which, because no award was
made in 1986, was added to the capital value
of the fund. The Council's aim is to keep the
value of the fund, and any award, in line with
inflation to ensure that a meaningful amount
is available as an incentive and reward for
members taking the examination.

PROVINCIAL AND OVERSEAS SECTIONS

The overseas Sections in Australia, South
Africa and Zimbabwe and the Midland & North
Western, Plymouth, Scottish, Western and
York Sections in the United Kingdom continue
to thrive and each arranged its own prog-
ramme of events during the year.

The Council is most grateful to the Officers
of all Sections both at home and overseas for
the work which they undertake on behalf of
the |Institution in organising meetings and
other events.

The Qfficers of the Sections were:-

Australian Section: Chairman, Mr. J. Rees;
Vice-Chairman, Mr. I. F. Ritchie; Hon. Sec-
retary/Treasurer, Mr. A. R. McKenna.

South African Section: Chairman, Mr. R. B.
Woodhead; Vice-Chairman and Secretary, Mr.
H. Z. Ostrofsky; Treasurer, Mr. J. C. Van de
Pol.

Zimbabwe Section: Chairman, Mr. A. R
Brown; Vice-Chairman, Mr. A. J. C. Thompson;
Hon. Secretary/Treasurer, Mr. J. H. Oliver.

Midland & North Western Section: Chaijr-
man, Mr. P. H. Trickett; Vice-Chairman, Mr. B.
Ashmore; Hon. Secrefary, Mr. 1. R. Bridges;
Hon. Treasurer, Mr. B. J. Arthurs.

Plymouth Section: Chairman, Mr. A. M.
Peters; Vice-Chairman, Mr. C. R. O'Connor-
Boyd: Hon. Secretary/Treasurer, Mr. J. Stiles.

Scottish Section: Chairman, Mr. J. H. Clay-
ton; Vice-Chairman and Hon. Secretary, Mr.
S. J. Hailes; Hon, Treasurer, Mr. W. R. Graham.

York Section: Chairman, Mr. 5. R. Batty;
Vice-Chairman, Mr. E. M. H. Galloway; Hon.
Secretary/Treasurer, Mr. D. T. Plummer.

Western Section: Chairman, Mr. G. J. W.
Meecham; Vice-Chairman, Mr. S. J. Tomlinson;
Hon. Secretary/Treasurer, Mr. D. M. Sausins.

AFFILIATED S & T TECHNICAL SOCIETIES

The following S & T Technical Societies
remained affiliated to the Institution and the
Councif wishes them success: Birmingham,
Carlisle, Leicester, London (Southern Region},
London Transport, Manchester and Western
Region.
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EXAMINATIONS

The Institution’s Signalling Examination was
held in October at a number of centres both
in the United Kingdom -and overseas. Of a
total of 22 candidates, the following eleven
were successful-

Saction A—Parts 1 & 2—Railway Signalling:

M. L. Bridle, A. L. Coombes, C. S. Dennien,
P. M. J. Ellingworth, R. G. Halse, N. 5. Harrow-
by, J. W. Hoadley, B. C. Smith, C. F. Smith,
M. J. Spencer, P. J. McQueen.

There were no candidates for the Telecom-
muhications Examination.

The Council is grateful to the Examination
Committee for setting and marking the papers,
to the Invigilators and to the Officers of the
administrafions at the examination centres for
facilities so kindly provided.

THORROWGOOD SCHOLARSHIP

None of the candidates who sat for the
Institution’s 1985 Examination achieved the
required standard (a Pass with Credit) to
justify consideration for the award of the
Thorrowgeood Scholarship and no award for
1986 was therefore made.

COUNCIL MEETINGS
The Council met on nine occasions during
the year.

TECHNICAL MEETINGS

Six technical meetings were held at the
Institution of Electrical Engineers in London
during the year and full programmes of meet-
ings were also arranged by the Provincial and
Overseas Sections.

The average attendance at the London
meetings during the Presidential year 1985/86
was 87 compared with 91 in the year 1984/85
and the decline in attendances, albeit small,
which has been evident over the last ten vears
therefore continues. This is disappointing
having regard to the fact that papers generally
have been of a high standard covering a
variety of subjects and giving a wide range of
interest. This decline in attendances, if con-
tinued, must sooner or later raise a question
mark over the pattern and venue of London
meetings bearing in mind that costs at the
Institution of Electrical Engineers are high and
continuing to rise.

Attendances at meetings arranged by the
Provincial and Overseas Sections were by
and large encouraging and it is hoped that
support in this important area of Institution
activity will continue,

TECHNICAL VISITS

The President was supported by 101 mem-
bers from nine countries when a technical
meeting and visit was held in the Netherlands
on 21st and 22nd February. On Friday, 21st
February, in Utrecht, Mr. De Jong, Technical
Director of MNetherlands Railways, welcomed
the members to Holland and a technical paper
entitled “Microcomputer Based Interlocking at
Hitversum™ was presented by Mr. P. Middel-
raad (NS) and Mr. A, Zillmer (Siemens). On
Saturday, 22nd February, members visited the
installations described at Hilversum and other
projects in the Amsterdam and Zaandam
areas. The Institution is grateful to Nether-
lands Railways and to Slemens for the facil-
ities and generous hospitality provided.

On Friday, 2ist November, a party of
seventy-four members representing eight
countries met in Paris where a technical
paper entitled “The New SNCF Electronic
Interlocking at Tours” was presented by
Messrs. R. Retiveau {SNCF} and J. Pore
(Jeumont Schneider), The following day the
members visited Tours o inspect the instal-
lations described in the paper. The vislt con-
cluded with lunch and the Council is most
grateful to SNCF, Jeumont Schneider, Alsthom,
CSEE and Silec for facilities and hospitality so
kindly provided.

ANNUAL GENERAL MEETING

The seventy-third Annual General Meeting
was held in London con 21st April and this was
followed by the inauguration of the new
President and Presidential Address, a tran-
script of which was subsequently circulated
to all members.

The composition of the Council for 1986/87
was announced as follows:

President: Mr. J. G. Oehler

Vice-Presidents: Mr. C. Hale and Mr. T. S.
Howard.

Members of Council from Class of Fellow:
Messrs. W. G. Boddy, J. Catrain, E. O. God-
dard, B. D. Heard, M. W. Healon, F. Kerr,
R. €. Nelson, C. A. Porter, F. G. Rayers,
J. Waller.

Members of Council from Class of Member:
Messrs. R. V. Atkin, R. E. B. Barnard, D. A.
Edney, A. P. Harvey, R. L. Wilkinson, D. J.
Wittamore.

TECHNICAL BRIEFS

The preparation of further Technical Briefs
following the publication of that covering
Route Control Systems (L.T. practice) has
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progressed but slowly due to the difficully in
finding suitable authors prepared to undertake
the work. The Papers Committee is currently
considering how the production of further
Technical Briefs might be accelerated.

TEXT BOOK

Copies of the text book ““Railway Signalling”
continue to be available for sale o members
of the Institution at £12.00 per copy. Applic-
ations for copies should be addressed to the
Hon. General Secretary.

PROCEEDINGS

The 1982/83 edition of the Proceedings was
published during the year. The expectation
that the 1983/84 edition would also be pub-
lished betore the end of the year was uniortu-
nately not fulfilled but it is expected to be
ready early in 1887. The delay in publication
of the Proceedings is a matter of concern to
the Council and a determined attempt is
being made to produce the 1984/85 and
1085/86 editions during 1987 in order to
reduce the backlog.

NEWSLETTER

Two editions of the Institution’'s Newsletter
were published during the year and the
Council is grateful to Mr. M. W. Hewitt for the
editorial work he undertakes in cennection
with the production of this publication.

RAILWAY ENGINEERS FORUM

The Institution continued its association
with the Railway Engineers Forum, of which
the Institutions of Civil, Electrical and Mech-
anical Engineers are also members, and two
successful and well supported meetings were
arranged during the year.

Mr. T. 8. Howard is now Chairman of the
Forum Committee and Messrs. R V. Atkin
and J. Waller also represent the Institution.
The Council is grateful to them for their
assistance.

COMMITTEES

The following were elected to serve on the
Standing Committees shown and the Council
is grateful to them for the work they undertake
on behalf of the Institution.

General Purposes Committee: Messrs. J. G.
Deane, P. H. Dibden, M. H. Govas, C. Hale,
T. S. Howard, P. N. Lane, G. B. Nelscn,
P. Robins, K. Smith, W. A. Warner, C. White
and H. Worsley.

Management Committee: Messrs. J. Catrain,
E. O. Goddard, C. Hale, T. S. Howard, F. Kerr,
C. A. Porter, F. G. Rayers, P. F. Wing and
D. J. Wittamore (Hon. Secretary).

Examination Committee: Messrs. J. D. Corrie,
C. J. Edwards, D. A. Hotchkiss, C. Law,
D. Poole, Q. J. A. MacDonald, J. Martin,
R. W. Penny (Hon. Secretary), R. Pope,
M. Scott, P. W. Stanley and C. White,

Papers Committee: Messrs. A, D. Fleet,
C. Hale, T. S. Howard, F. M. Hewlitt, M. E.
Leach (Hon. Secretary) and [. G. Mackean.

Finance Committee: Messrs. C. Hale, T. S.
Howard, N. S. Hurford, C. A. Porter, C. H.
Porter (Hon. Secretary) and F. G. Rayers.

Recrufiment Representatives’ Commitlee:
Messrs. C. Hale, R. L. Wilkinson Council
representatives), J. C. Adair, B. Ashmore,
M. I. Carsen, C. Cheek, A. J. Davies, P. H.
Dibden, K. Donnelly, D. A. Edney, A. J. Fisher,
M. W. Mewitt, R. McCulloch, D. Miles, D. Stra-
ton, E. 8. Thomson and M. W. Thwaite.

Student & Graduate Section Committee:
Messrs. R. V. Atkin, D. A. Edney, C. Hale
{Council representatives), G. K. Brown,
J. Cope, J. P. Carter, S. J. Hailes, S. E. Murton,
(Hon. Secretary), P. Robertshaw and G. F.
Wire.

The President was, ex officio, a member of
all Committees and attended their meetings
as occasion required.

SUMMER CONVENTION

The Summer Convention was held in
Austria, based on Vienna from 20th to 23rd
May inclusive and was made possible with
the generous assistance and support of ITT
Austria Gesellschaft mbH and Siemens Atkien-
gesellschaft Oesterreich. The generous sup-
port of Infegra (Zurich) Ltd., Clough Smith
Ltd., G.E.C.-General Signal Ltd.,, M.L. Engin-
eering (Plymouth} Ltd. and Westinghouse
Signals Ltd. is also acknowledged.

131 members, 57 of whom were from over-
seas, and BB ladies representing 13 nations
participated in the Convention. A f{full and
interesting technical programme, including
visits to U-Bahn and S-Bahn installations,
together with trips to a marshalling yard and
research laboratories, were supplemented
by a number of enjoyable social events, the
highlight of which was a visit by members
and ladies to Mariazell,

The Institution is indebted to the Austrian
State Railways and the Vienna Arsenal for
allowing their operations to be viewed.
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MEMBERS DINNER

The Annual Members' Dinner was held in
the Refectory at the Institution of Electrical
Engineers, London, after the Annual General
Meeting on 21st April. The principal guest
was Mr. Hans Eisenring, General Manager,
SBB Technical Department and other guests
included Sir Robert Reid, C.B.E., Chairman
British Railways Board; Mr. G. H. Hafter,
Q.B.E., Chairman, Railway Division, Institution
of Mechanical Engineers; Mr. E. J. Harris,
Managing Director, Westinghouse Signals Ltd.;
Mr. M. L. Boden, Managing Director, G.E.C.-
General Signal Ltd.; Mr. F. G. Rayers, Director,
M. L. Engineering (Plymouth} Ltd. and Mr.
W. H. Whitehouse, Director of S & T Engineer-
ing, British Railways Board.

DINNER & DANCE

One hundred and twenty-nine members
and guests attended the Annual Dinner and
Dance which was held on 24th October at the
Metropole Hotel, Londen. The principal guest
was Mr. F. C. Pictet, Swiss Ambassador to
the United Kingdom, who was accompanied
by Mrs. Pictet, and a successful evening was
enjoyed by those present.

CONCLUSIONS

During my vear of office | was pleased to
have the opportunity to visit all the Provinchal
Sections in the United Kingdom and was
impressed with both the level of attendances
at the meetings and the lively discussions
which followed the reading of the technical
papers. It was a matter of considerable regret
to me that | was unable to visit the Sections
overseas, but it is increasingly apparent that
the commitment and interest of members in
these areas continues to strengthen, and the
involvement of so many members both at
home and overseas can only enhance the
status of the Institution and the signalling and
telecommunications profession.

Despite the encouraging attendances else-
where, it is disappointing that the numbers at
technical meetings in London continue to
decline, and this may be due to the move of
regional offices and the domicile of individual
members to areas further away from the City.
However, it is important that papers of a high
standard, covering areas of new technology,
continue o be presented at all our meetings
ahd the animated and sometimes controversial
discussions which take place will, 1 am sure,
continue to attract worthwhile attendances.

The significance of the Institution on the
International scene is growing, as will be
seen from the increase in membership over-
seas. The Council is well aware of the expect-
ations which members overseas have of the
Institution and will continue to strive to meet
them. Consideration is currently being given
to holding a second International Conference
in London in the year 1890 following the
enormously successful Conference in 1984,

The Institution could not exist without the
commitment of the many members who serve
on Council and the various Committees both
at home and overseas. All of this work is
undertaken on a voluntary basis by members
who, in many cases, have demanding jobs In
the profession and their involvement is there-
fore limited by the time available to them. In
the United Kingdom, the decentralisation of
some British Rail offices has certainly not
helped in this respect. | would, however, like
to acknowledge the strong and valuable sup-
port which the Institution receives from British
Rail employees. If the high standards to which
the members have become accustomed are to
be maintained, still further efforts will be
required, and it may be necessary to give
further consideration to the way in which the
Institution’s increasing administrative work-
load is undertaken.

Whilst the Institution can bhe considered
very successful in ils activities today, we must,
like any other undertaking, recognise that
conditions arcund us and technology are
changing rapidly, and awareness and flexibil-
ity are essential if we want to ensure success
tomorrow.

Finally, | must record how much 1 have
enjoyed my year of office and | would like to
express my thanks to the Officers, Members
of Council and the members of alf the various
Committees for their help and support. My
experience during the year leaves me in no
doubt that the Institution will continue to fulfil
the expeclations of its members in the future.
For me it was a great and memorable year,
and so, to all of you, my sincerest thanks.

J. G. OEHLER (President)

21 Avalon Road,
Earley, Reading,

Berks RGA 2MS. January 1987
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Seventy-Fourth
Annual General Meeting

Minutes of Seventy-Fourth Annual General Meeting

held at The Institution of Electrical Engineers, London

on Wednesday, 15th April, 1987

The President (Mr. J. G. Oehler) in the Chair

At the request of the President, the Hon.
General Secretary read the notice convening
the meeting. It was then proposed by Mr. R.
Pope, seconded by Mr. D. C. Webb and car-
ried that the Minutes of the Seventy Third
Annual General Meeting held on 21st April,
1986 be taken as read and they were signed
by the President as a correct record. The
Hon. General Secretary then read the Audit-
or's Report.

The President commented upon the main
features of the Annual Report for the year
1986 and, at the request of the President,
Mr. C. H. Porter, the Treasurer, reviewed the
Balance Sheet and Statement of Accounts.
The President then asked whether anyone
wished to discuss any point arising from the
Annual Report and Accounts. There being no
response it was proposed by the President,
seconded by Mr. F. P. Wiltshire and carried
that the Annual Report and Statement of
Accounts for 1986 be adopted.

The President announced that no nomin-
ations additional to the Council’s recommend-
ed list were received from the members and
no ballot was, therefore, necessary. The
Council for 1987-88 would bs:-

President: Mr. C. Hale

Vice-Presidents: Mr. T. 5. Howard
Mr. F. G. Rayers

Members of Council from Class of Fellow:

W. G. Boddy, J. Catrain, E. O. Goddard,
B. D. Heard, M. W. Heaton, A. C. Howker,
F. Kerr, R. C. Nelson, C. A. Porter, J. Waller.

Members of Council from Class of Member:
R. V. Atkin, R. E. B. Barnard, D. A. Edney,
A. P. Harvey, R. L. Wilkinson, D. J.'Wittamore.

The President announced that the In-
stitution’s present Auditor was Mr. W. V.
Townsend, ACA, of 29 Muncaster Gate, York,
and that Mr. Townsend had indicated his
willingness to contlnue in this capacity for
a further year. It was proposed by Mr. P.
Barker, seconded by Mr. W. §. Morton and
carried that Mr. W. V. Townsend, ACA, he
appointed Auditor to the Institution for the
year 1987.

The President announced that the winner
of the Institution’s Thorrowgood Scholarship
for 1987 was Mr. M. J. Spencer of BR Western
Region and he invited Mr. Spencer to come
forward to receive his scholarship medallion,
which he did amidst applause.

The President then asked whether anyone
present wished to discuss any other business.
There was no response.

The retiring President then invited the new
President, Mr. C. Hale, to take the chair,
which he did amidst applause, and Mr.
Oehler invested him with the Chain of Office.

The President invested Mr. Oghlgr with his
Past President’s medallion and called upon
Mr. F. G. Rayers to move a vote of thanks
to Mr. Oehler for the very able way he had
conducted the Intitution’s business during the
year. Mr. Rayers’ proposal was carried with
applause.

The President then delivered his Inaugural
Address. Mr. M, E. Leach proposed a vote of
thanks to the President for his address and
this was carried with applause.

The President announced that the next
Technical Meeting in London would be held
on Friday, 9th October and that full details
would be announced in due course.

The meeting then terminated.
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Australian Section

The officers for the 1986 session were:-
Chairman: Mr. J. Rees (New South Wales)
Vice-Chairman: Mr. I. F. Ritchie (Victoria)

Members of the Commitiee were: Messrs.
N. F. Reed, F. J. Londregan, B. A. Morris,
R. J. Logan (New South Wales); F. C. Baker,
C. J. McNamara, R. H. Detering, B. L. Legg,
R. G. Cumming, R. W. Greene [Victoria);
W. B. Johnston (South Australia); A. L. Neal,
D. E. McCauley (Western Australia); B. P.
Tumalty, W. H. Johnson, L. F. Brearley, F. J.
Parch (Queensland).

Sec./Treasurer: Mr. A. R. McKenna (Vic-
toria)

Hon. Auditor: Mr. N. C. Cousins (Victoria)

Messrs. B. A. Morris, R. J. Logan, R. G.
Cumming, R. L. Legg, B. W. Greene, L. F.
Brearley & D. E. McCauley will remain in
Office for 1987.

During the vyear three meetings of the
Australian Section were held as follows:-

March 21723, 1986 — Annual General
Meeting, Wollongong, New South Wales.

Members and visitors numbering 133, met
at Sydney Station on Friday, 21st March, for
morning tea courtesy of SRA NSW, then pro-
caeded by double deck interurban Electric
Train to Thirroul (courtesy of SBA) for in-
spection of the new signalling and Com-
munications works, including the first SRA
Fibre Optic Link.

The Ladies proceeded directly to Wol-
longong.

On completion of the inspections, Members
were conveyed by road coach to the North
Beach International Hotel, Wollongong, where
they were joined by the Ladies for lunch.

The Annual Meeting and Dinner was held
in the North Beach International Hotel, after-
noon of Friday 21st and morning of 22nd
March.

Messrs. J. Rees and I. F. Ritchie were
re-clected as Chairman and Vice-Chairman
respectively, along with the new committes.

Technical Papers were presented by:-

Mr. F. J. londregan, Project Engineer,
SRA NSW. “The Electrification of the
Hlawarra Railway", with video film show-
ing - relaying of Trackwork, Overhead
Construction and Coal CIiff Yard re-
development.

Mr. R. G. Myers, MIRSE, Communications
Engineer SRA NSW. “Communications
in the Nlawarra Electrified Areas".

Mr. A. J. Brock, GEC NSW. “lllawarra
resignalling for Electrification Construc-
tion™.

Mr. M. Wheals, GEC Digital. “lllawarra
Traln Describer and Telemetry System”

On Saturday 22nd, members made an In-
spection of the new Wollongong Control
Centre, while the Ladies had a scenic tour
of the area.

Saturday evening, all attended the Mac-
arthur Estate Winerey for Dinner and Bush
Dance.

A tour of Wollongong and Port Kembla was
made by bus before departure for Sydney
Robertson and Moss Vale (buses by courtesy
of GEC).

August 1/2, 1986 — Technical Meeting,
Brisbane, Queensland.

Members and visitors met at Roma Street
Station on arrival of the Brisbane Limited
from Sydney, when following morning tea
provided by the Q.R. the Dual Guage facilities
at Roma Street were inspected.

The Technical Meeting was held during the
afterncon of Friday 1st and the morning of
Saturday 2nd in the Railway Centre, Edward
Street, Brisbane when Technical Papers were
presented on developments in Intermittent
Automatic Train Control as follows:-

Mr. A. G. Howker, FIRSE, WB&S. “Trivial
pursuit and Brief History of ATC".

Mr. B. A. Nobbs, Plessey. “Intermittent
ATC and Associated I|dentification Sys-
tems".

Mr. H. B. Luber, MIRSE, Siemens Indus-
tries Limited. “ZUB 100 ATC System™.
Mr. T. Perry, WB&S. “WABCO ATG Sys-
tems.

Mr. R. T. Black, Ericsson Signal Systems.
“The ERICAB 700 ATC System’™.

The papers were well received and were
followed by a lively discussion period.

A Dinner was held on Friday 1st at the
Capttal Hotel.

November 21/22, 1986 — Technical Meet-
ing, Melbourne, Victoria.

Members and visitors met at Spencer
Street Station on Friday 21st then procseded
by Metrail services to Museum Station for
an inspection of the Siation facilities.
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Lunch for Interstate members was provided
at Spencer Street, courtesy of M.T.A.

The Technical Meeting was held in Metrail
offices, 50 Market Street, Melbourne, on
Friday afternoon and was opened by an
Address by Mr. K. Shea, Managing Director,
Metropolitan Transit Authority.

Technical Papers were presented by:-

Mr. A. A. Carey, FIRSE, MTA. "Melbourne
Metropolitan Signal Systems review”.
Mr. P. Cartner, MIRSE, MTA. “Melbourne
Metropolitan Train Control Centre [Stage
1 completed) .

Mr. P. de Visser, MTA. "Metrail Integ-
rated Services Digital Network (ISDNJ.

Following the Technical Meeting, Members
travelled by bus to Dorset gardens Motel,
Croydon for a Dinner and overnight accom-
adation.

On Sturday 22nd the party went by bus to
Belgrave for inspection of Narrow Gauge
(Puffing Billy) Mechanical Signalling facilities,
then onward to Menzies Creek aboard Puffing
Billy for an inspection of the Narrow Gauge
WVuseum.

An inspection was then made of the Flash-
ing Light level crossing protection at Main
Road, Clematis, using Harmon PMD2 Motion
Detection system, which was hosted by Mr.
M. D. Thomson, FIRSE and Mr. C. Rutledge,
Signal Supervisor, Emerald Tourist Railway
Board.

Papers detailing the Motion Detection Sys-
tem were presented, following lunch at Yarra
glen.

The Committee extended their thanks to the
authors and presenters of the various Tech-
nical Papers read throughout the year.

Membership

Proposers and seconders should ansure
that the candidates meet the criteria set out
for the class of membership sought, the form
is corroctly set out and copies of supporting
documents are included where necessary.

This practice will avoid delays in the pro-
cessing of applications.

Membership of the Australian Section at
31st December, 1986 was 280.

Honorary Fellow Australian Section

The Committee elected Mr. F. Stewart (F),
Victoria, an Honourary Fellow of the Aus-
tralian Section and also in appreciation of
his services to the Section. That is in assist-
ing to inaugurate the Section, then supporting
it for what will be 40 years, on 14th Novem-
ber, 1987.

Finance

The Audited Balance Sheet for the year
ended 31st December, 1986, showed that the
financial position of the Section had been
satistfactorily maintained.

South African Section

At the end of the 13987 Session the mem-
bership of the local section stood at 103.
This was made up as follows:-

Fellows 20
Members 25
Associates 19
Technician Engineers 8
Technicians 28
Students 3
Total 103

This number is down on our peak of 125
due to a number of members leaving the
industry due to the downturn in railway
expenditure.

The officers for the section were:

Chairman: H. Z. Ostrofsky
Vice-Chairman: S. A. P. Folgoza
Hon. Secretary: B. J. van der Merwe
Treasurer: J. C. van de Pol

Members of General Committee: G. le
Grange, R. B. Woodhead, H. van der Ven-
ter, K. S. Connolly.

Four Technical Meetings were held during
the 1987 Session together with the Annual
Dinner and the Annual Technical Visit.

The session opened in March with a dis-
cussion paper on ATCS. The initial present-
ation and the subsequent discussions were
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conducted by Das Coetzer and Peter Gibhons.
The suitability of the philesophy and concepts
of ATCS were discussed at length and various
opinions given as to its applicability o the
South African scene.

Our second Technical Meeting, held in May
addressed the subject of WAN's, MAN's and
LAN's, being an overview of the various types
available and the various uses to which area
networks may be put. The paper was present-
ed by Peter Davies of Bankorp whose delivery
was lively and interesting. The speaker cert-
ainly knew his subject.

The Annual Dinner took place on Friday,
26th -June, 1987 and again it was held at
Sturrock park, the venue for our previous
dinners. The guest speaker was Mr. Claude
Slogrove, former Assistant Chief Signal Engin-
eer of South African Railways, who has been
in retirement for some years.

The third Technical Meeting held in August
introduced us to Management Information
Systems as required by the railways to mon-
itor the running of suburban traffic. Mark
Doornekamp of Siemens presented the paper
and showed us the functions and operation of

the system recently installed at the New
Durban Control Centre.

The Annual Technical Visit took place on
Saturday, 5th September, 1987. The tour took
us firstly to the recently commissioned SSI
installations at Midway and Lenz, where we
were able to witness the adaptation of the
British Rallways concept to South African
signalling principles. The next stage of the
tour was to the Control Centre at Randfontein
Cstates Gold Mine where the benefits of CTC
on a private railway were amply demon-
strated. The visit culminated with a visit to
the Millsite Locomotive Depot where some
of the remaining steam locomotives were on
show. One loco was in steam and took par-
ticipants on short trips on the footplate.

The fourth Technical Meeting was held in
October and was combined with the Annual
General Meeting. The technical contact con-
sisted of a presentation by Mannie Bernard
of Grinel Electronics on the monitoring of
brake pipe pressure at the rear of the train.
The design and development traumas that he
went through to end up with a successful
product were vividly portrayed in his excel-
lent delivery.

Zimbabwe Section

The membership of the Zimbabwe Section
has remained static in the year under review
but it is pleasing to note a tendency to obtain
a highér grade of membership. In this con-
nection congratulations are extended tc Mr.
L. Magombo who passed the 1987 Signalling
Examination.

At the A.G.M. held on 19th March at the
Lions Den, Grey Street, Bulawayo, a present-
ation was made to Mr. A, R. Brown of a
miniature wooden staff produced by the
Signal Workshops.

Meetings:
19th March
28th Annual General Meeting
{Attendance - 12 members, 9 visitors)

30th April

“The Watt Watchers' paper presented by
A. J. G. Thompson

(Attendance - 11 members, 7 visitors)

28th May

“German High Speed Line Hanover-Wurz-
burg”, presented by guest speaker H.
Huesmann

(Attendance - 11 members, 5 visitors)

30th July

“Computers and Railway Signalling” pre-
sented by guest speaker P. Whitehead

[Attendance - 8 members, 1 visitor)

5th September
“Financing of Projects in Zimbabwe" pre-
senteth:-by 'guaest speaker G. Bethke
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26th November

"Load Gontrol at Dabuka” paper presented

by 8. Silcox

(Attendance - 14 members, 7 visitors)

All the meetings were held at the Lions
Den, Grey Straet. The committee extended a
vote of thanks to Lions for the use of their
premises.

Midland and North

Following a major reorganisation of the
London Midland Region, the 1985/86 Com-
mittee of the North West Section found it
necessary to alter its Constitution.

The Section will now be known as the
Midland and North Western Section.

The geographical area covered by the sec-
tion is now extended to take in Nottingham,
in addition to Birmingham, Crewe, Man-
chester, Preston and Carlisle.

Lectures for this session will continue to
be held at Birmingham, Crewe, Preston, Man-
chester and Carlisle, and the committee hope
that the enlarged Section will better serve
the needs of the membership.

The Commitiee for the 1986/87 session
consisted of the following members:-

Chairman: Mr. P. Trickett

Vice-Chairman: Mr. B. Ashmore

Secretary: Mr. |. B. Bridges

Treasurer: Mr. B. J. Arthurs

Visits Secretary: Mr. J. Stowell

Others: Messrs. D. Bickell, R. Buckley,

P. Dibden, E. C. Hawes, D. Parkman and
G. Walden.

The 1986/87 Session was the first year
since the implementation of the revised
constitution. The Section now encompasses
many more large centres of population. This

On 3rd December a cocktail party was
held at the BAGC bowling club for members
and wives together with guests from 8.0.R.E.

The committee extended their thanks to
those who presented papers, it was much
appreciated.

Western Section

hopefully now represents an improvement
in the lecture locations for the membership.

Despite these efforts, however, attendance
at meetings has not been as high as in pre-
vious years, with an average attendance of
20. The Section now consists of around 294
members.

The Committee has been busy during the
past 12 months updating membership lists
and entering details onto a newly created
computer data base. This will hopefully enable
contacting members to become much more
efficient in the future.

The Section Bulletin was revived during the
past year with the issuing of an Autumn ‘86
Bulletin and a Spring ‘87 Bulletin. A Summer
'87 Bulletin will be producad shortly.

During the past Session a very interesting
visit was made by members, families and
guests to the Festiniog Railway, who very
kindly provided a special train for our use.
The train ran from Blaneau Ffestiniog to
Boston Lodge and back, stopping at various
points of interest en route. These included
Ddualt signal box, Tan-y-Bwlch automatic
route setting interlocking and Boston Lodge
works.

Anocther visit later in the year took a party
to view the Post Office Railway, deep under
lLondon’s streets. This was an excellent visit
with a chance to see some interesting sig-
nalling ideas.
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Scottish Section

The Scottish Section's programme for the
1986/87 session covered six meetings and
the AGM. On the whole, they were well
attended, with an average of 31 people at the
meetings.

Unfortunately the session got off to a bad
start when an Inter-Area competition failed
to produce the promised teams. Even on the
day of the event the Committee expected six
teams to turn up; however, only one full
team actually appeared at the venue, much
to the disappointment of the Commitiee.
Another disappointment was the cancellation
of our meeting on “Policing the Modern Rail-
way'', with its assoclated visit to the new
British Transport Police HQ in Glasgow; this
was caused by one of the heaviest snow-falls
for some time, which led to the early closure
of our offices.

There was good attendance at the Sec-
tions two telecoms orientated lectures, on
‘Modernising British Telecom™ and 'Telecom-
munications on an Electrified Railway’; it Is
good to be able to report interest from both
Telecoms and Signalling Departments at these
lectures.

The most interesting lectures, however,
were those on “RETB Inverness- One Year
On”, in which lan Buchanan, the Signal Engin-
eer (General) in ScotRail, looked at the prob-
lems and experiences associated with the
extension of the Dingwall-Kyle RETB pilot
scheme to cover the line from Dingwall to
Wick: and Peter Rayner's paper on "“Get it
Right and Keep it Running”, first given to the
IRSE's Internaticnal Conference in 1984, but
still relevant and very thought provoking, par-
ticularly as he was able to update the paper
with new thoughts on recent problems.

Several members of the Section were in-
volved in preparations for the Institution's
1987 Convention in Scotland. A sub-commitiee
was formed to help with the local arrange-
ments, and others were called in to help with
displays, guiding, etc.

At the AGM, a presentation was made to
the Section’s out-going Chairman, John Clay-
ton, who had served on the Committee for all
of its life as a Section of the IRSE, and pre-
vious to that as Secretary of the S & T Tech-
nical Society for “longer than anyone cares
to remember”.

Western Section

The first event of the session followed the
close of the AGM at Bristol, with a post
meeting visit to the Wessex Water Authority
Regional Operators Centre in Bristol. Mem-
bers who attended were able to inspect the
control panel and have an explanation of how
the Remote Control/Telemetry system con-
trolled the water supplies in the region.

In September a Section party of 20 enjoyed
a visit to the Big Pit Mining Museum in
Blaenafon, South Wales. Here they were able
to descend 300 ft. underground and inspect
Underground Railways of a different kind as
well as seeing how coal was extracted from
the pit.

The 1986/87 session of Technical Meetings
began in October in Bristol with a talk by Mr.
L. Crosier of British Rail (WR} entitled “Sig-
nalling Operations of Yesteryear'. Mr. Crosier
gave a very interesting talk, well illustrated
with slides and reminiscences of his days as
a signalman. [Meeting attendance 23).

The second Technical Mesting was held
in November in Chippenham. Mr. B. Hesketh
of British Rail (LMR) presented his paper
“All change at Crewe". Mr. Hesketh's pres-
entation started with a brief history of Grewe
prior to the re-signalling. He then went on to
describe how Crewe Station was shut to
traffic for seven weeks whilst the resignalling
was carried out, explaining the logistic prob-
lems and the equipment used. He then show-
ed slides of Crewe during and after the re-
signalling, explaining the complexity of some
of the routes signalled. He summed up his
talk by complimenting the staff and con-
tractors who had achieved such a large task
within the time schedules. (Meeting attend-
ance 37).

The final Technical Meeting of 1986 was
held in Bristol on 14th December. Mr. M.
Hanscomb of British Rail (WR) presented a
Film Evening on Rallway Signalling History.
Mr. Hanscomb showed a program of films
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which included many interesting historical
items including one on how the modern
freight network evolved from the earliest
slate/quarry railways. He also included some
light hearted railway footage from popular
comedy films. (Meeting attendance 37).

The first Technical Meeting of 1987 was in
January at Bristol and was the Presidential
Visit to the section by Mr. J. Qehler. The
subject of this talk was “SSI: Scheme Design
and Site Testing” by Mr. R. Fenton (BR HQ}
and Mr. C. Latarche (BR HQ). Unfortunately
this meeting coincided with the worst weather
of the winter and Mr. Latarche was unable
to attend because of heavy snow. Mr. R.
Fenton, at short notice gave the talk solo
and began by giving a description of how the
data was structured and prepared. He gave
details of how the work stations are con-
figured and how they csn be used for data
preparation and testing that data thoroughly.
(Meeting attendance 71).

The next Technical Meeting was in Feb-
ruary in Chippenham with the 1EE Bath and
Chippenham Area. Mr. C. White of London
Underground Ltd. and Mr. J. D. Gorrie of
Westinghouse Signals Ltd. presented a talk
based on their paper "“Neasden Depot An
Application of Computers to Interlocking”.
Mr. White began the talk with an introduction
to interlocking and how they worked. He then
applied this philosophy to the interlockings
used on LUL. He then explained the specific-
ation requirements for the Neasden Interlock-
ing (CBIl} illustrating the layout at Neasden
Depot with colour slides.

Mr. Corrie then continued to talk explaining
how the contractor had approached the task
of producing a Computer Based Interlocking
to the high standards required for a safety
system. He explained some of the hardware

and software techniques adopted and showed
how strong management of the project was
required to ensure these standards were met.

Following these meetings a tour of the
Neasden Interlocking, undergoing system test
in the WSL test area was conducted. There
was also an opportunity to view the “Model
Railway” training facility, which included
contro! desks, interlockings and automatic
train operation, that WSL had produced for
Singapore MTRC. (Meeting attendance 54).

At the end of February a Section party of
22 attended a Technical visit to the Post
Office Railway in London. Following a briefing
on the history of the Railway a most interest-
ing tour of the railway, including the depot,
maintenance facilities, signal cabins and inter-
locking, was conducted.

The final Technical Meeting of the session
was held in March in Newport, Gwent, with
the PWI South Wales Section. The subject of
this meeting was “The Severn Tunnel and
Sudbrook Pumping Station'' and was present-
ed by Mr. B. Pearce of British Rail {(WR). Mr.
Pearce gave a very interesting account of the
Severn tunnel which was 100 years old last
year and the Sudbrook Pumping Station.
(Meeting attendance 41].

The committee wishes to thank British Rail
{WR) for the use of their premises for the
Bristol meetings and Westinghouse Signals
Limited for the many facilities provided 'n
the support of the section.

The GCommittee for the 1986/87 session
comprised the following:-

Chairman: Mr. G. J. W. Meecham
Viee-Chalrman: Mr. 8. J. Tomlinson
Hon. Sec./Treasurer: Mr. D. M. Sausins

Others: Messrs. A. P. Harvey, B. C. R.
Brinkler, M. F. Wilkins and P. A. Wride.
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York Section

The following statement shows the mem-
bership position at the end of the year with
the comparable figures for the previous year:-

1986 1987

Corporate Honorary Fellows 1 1
Fellows 12 12
Members 45 48
Non-corporate Graduates 16 14
Technician Engineers 26 26
Associates 14 14
Technicians 57 52
Students 39 26

Total 210 203

The compaosition of the Committee for the
1986/87 session was as follows:-

Chairman: S. R. Batty (Technician)
Vice-Chairman: E. M. H. Galloway (Fellow)

Committee Members: W. G. Boddy, R. Pope
(Fellows); D. Dyson (Member); S. D.
Muirhead, B. W. Mulvana [Graduates);
A. K. Kelly (Technician).

The 33rd Annual General Meeting took place
on 8th April, 1986 (Attendance 14) and six
technical meetings were held during the year,
as follows:

October 2nd, 1986 — ''Signalling Practices
and Costs Appropriate to the Raiilway
Business', by K. E. Hodgson (Attendance
45).

November 11th, 1986 — “Application of
Radio Electronic Token Block to the East
Suffolk Line”, by J. K. Tomlinson and
R. Wade (Attendance 61).

December 11th, 1986 — “M & E E Fixed
Equipment for the ECML Electrification”,
by M. Stuart (Attendance 38).

January 14th, 1987 — Meseting cancelled
due to bad weather.

February 11th, 1987 — "Data Systems™ by
R. Jones (Attendance 34).

March 3rd, 1987 — “Recent S & T Develop-
ment on the Southern Region”, by C.
Hale (Attendance 38).

April 8th, 1987 — "Yoker Integrated Elec-
tronic Control Centre"”, by R. C. Nelson
presented by D. Dickens (Attendance 43).

Mr. Hale's paper was originally planned to
be given on the 14th January and then to
avoid its presentation in the authors IRSE
Presidential Year [(1987/88) was given on
3rd March instead of the planned one on

"Electrification Interferenca Testing” by
Messrs. E. S, Thomson and N. Davis. We look
forward to the latter paper in our 1987/88
programme.

The York Section were pleased to welcome
the President of the Institution, Mr. J. G.
Oehler, who came over from Switzerland to
attend our November meeting.

Once again, in October, arrangements were
made for candidates to sit the Institution
Examination in York. Congratulations to
Messrs. A. L. Coombes and P. M. J. Elling-
worth on their success in the signalling paper.

The visits programme for 1986 got under-
way with a visit to GEC-General Signal at
Trafford Park. In addition to the signalling
actlvities a brief look at the generator man-
ufacturing facility on the same site was
included. A buffet lunch was provided and
this was much appreciated.

Visits to Glasgow Underground and Tyne
and Wear Metro took place in June. in both
cases we were glven a comprehensive tour
of the Control Centres and Train Depots.

A visit to H.M.S. York in Rosyth Dockyard
gave members a chance to see one of the
Royal Navy's most recent warships. A most
enjoyable day out for all concerned.

The final visit of the season was to the new
Baker Street Control Centre on the London
Underground. The visit also included a lock at
some older traditional signalling equipment
at King's Cross on the Victoria Line.

The Annual Dinner and Dance was once
again held in the Henley Suite at the Viking
Hotel. Guests of honour were Mr. C. Hale
and his wife. This was Mr. Hale's first official
function following his recent election as
IRSE President for the year 1987/88.

Whilst a reduced number of 62 guests
attended, those present seemed to enjoy the
opportunity of meeting cld friends and taking
part in the dancing.

CHAIRMAN'S CONCLUSIONS

It has been a privilege to be your Chairman
once again and to be able to report another
suscessful year with good attendances at
our technical meetings. Being Chairman of
a provincial section means that you are
invited to attend meetings of the Council,
held in London, and to take an active part
in the discussions of the Council, an ex-
perience | have enjoyed.
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On behalf of the Committee | want to thank
Messrs. Thomson and Davis for agreeing to
postpone their paper to another occasion to
enable Mr. Hale to visit us in March. One
disappointment was that Robin Nelson, due
to illness, was unable to present his paper
to us, but Dennis Dickens {who started his
railway career with the S & T Department in
York) ably presented the paper for him.

We are indebted to Stephen Muirhead for
his work in organising visits for us, his task
is not easy these days due to continuing joh
losses and closure of works and he is always
open for any suggestions members may have

Members of the York Section acted as
demonstrators and party guides when the
Institution visited East Suffolk to see the
Radic Electronic Block System.

Finally my thanks to all the Committee for
their support during the vear, especially to
Detek Plummer our Hon. Secretary/Treasurer
for his hard work in running the Section.
| hope that my successor, Eddy Galloway,
enjoys his first term as Chairman and that
you will give him the support that past Chair-
men of the Section have received.

S. R. BATTY

of places we could visit. Chairman April 1987

1986 Examination

Application Paper Question 7 — Typical Answer

The answer below was offered by a candidate in the 1986 Examination. This
answer was awarded good marks, although it fell short of full marks in several
respects.

Question

State the principal function of a train describer and list some other uses which are now made
of the information it contains. State three methods by which a train's description may be entered
into a train describer system and explain the operation and data transmission sequence used
between a fringe box and a train describer to ensure that descriptions are properly registerad in
the memory of the train describer storage medium.

Answer

The principal function of a train describer
is to give the signalman the positive identity
of every train under his control. This means
that, at large power boxes, he does not be-
come confused as to which is which and make
mistakes routing trains.

ili] Automatic route setting equipment also
makes use of the train describer, to
identify which train requires which route.

iv) Special alarms - such as the class 9 alarm
for unfitted freights ascending a 1 in 100
gradient.

Descriptions may be entered into the train

describer in several ways:

1. Between panel boxes, a train will cause
its own description to arrive with it, by
means of a transmission system between
the two boxes that takes as its inputs
various indications received back at the
panel as the train progresses. As it
reaches some predetermined point, its
description is automatically transmitted
to the adjacent box, where it is displayed
in a “train approaching” berth on the
panel until the train actually arrives.

In addition, the train describer "databank”
may also be used for:

i) Working platform indicators/tape record-
ed public address announcements auto-
matically.

ii) Reporting the passing times of all trains
at various key locations to regional con-
trol offices. Some systems can identify
[ate running trains by comparison with a
master timetable system, and report
trains “by exception” -i.e. only those
which are late!
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For a ftrain that originates within the
signalman’'s boundary, he must put the
description into the relevant train des-
criber berth himself. He is able to do this
by means of a “setup” keyboard and
interpose bhuttons adjacent to all berths.
For a train which arrives not from
another panelbox, but from an adjacent
mechanical signalbox, the signalman at
the mechanical box will set up the train
description in a special "fringe box
unit” at the mechanical box, and will
transmit the description forward when
the train leaves.

The fringe box unit must therefore con-
tain a keyhoard on which the signalman
sets up the description. As the des-
cription is entered, it is displayed in a
"set-up” berth. If a mistake is made, a
cancel button clears the set-up berth.
When the signalman is content that he
has entered the correct description, he
can select a transmit button. Once
pressed, this button causes the des-
cription to be sent to the panel where it
is displayed in the ‘“‘train approaching”
berth. It is also displayed in a "last sent”
berth on the fringe unit, as a reminder to
the signalman at the mechanical box. The
signalman at the panel must acknowledge
the arrival of this description.

Coming from the panel, the fringe box
unit displays 1st train approaching, 2nd
train approaching, and train at signal.
These are also acknowledged as they
arrive in the train approaching berth.
Facilities are provided to cancel des-
criptions that have been sent in error
these cancellations must also be acknow-
ledged in similar “handshaking” pro-
cedures to ''train approach™ procedures
already described.

Commentary

Paragraph 1 "Databank™ use ii)

Reports to other places than only the
regional control offices, particularly to
adjacent panel boxes as the candidate
mentions later with respect to description
entry.

Paragraph 2

When a question asks for three methods,
marks are awarded for each so it is

worthwhile structuring the answer so
that it is obvious where marks can be
awarded. In this case the candidate has
given three clear paragraphs. The answer
to the next part of the question on
transmission sequence, follows on with-
out reference to the structure. In this
case this is a good answer and the
responses to each part of the question
are discernable. Many candidates who
fail do so because their answers do not
cover the whole question. Structuring the
answer to the question therefore helps
the candidate to avoid ignoring part of a
question as well as assisting the exam-
iners not to overlook marks.

Penultimate Paragraph

Although the signalman at the fringe box
enters a description by pressing keys
and checking a display on the fringe box
equipment, what happens to achieve this
is that the code for each key pressed is
sent to the panel box train describer
which sends back the display to the
panel box train describer which sends
back the display to the fringe box 'set-
up” display. In this way the signalman is,
in practice, checking the description as
already registered in the train describer
storage medium unless this has been
corrupted in transmission from the main
box. The chances of identical corruption
to key codes sent to the fringe box is
very low, so, when a signalman then
presses the “transmit” key to show that
he is satisfied with the description in
his “'set-up™ display, he is, by implication,
accepting the description registered in
the train describer. Use of the fringe box
“transmit” button does not cause trans-
mission of the description but instead
causes a code to be sent to the main box
which permits the train describer to use
the description which has just been
entered. Therefore, it is the signalman's
accaptance of the description as sent to
him from the train describer which en-
sures that the description is properiy
registered in the memeory of the train
describer storage medium.
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THE COMPLETE
CABLE SERVICE

o 4 =y
BICC Cables Power the Rallway
Industry

Research and development has
placed BICC in the forefront of
Optical Fibre Technology for Control
and Communication cabling. BICC
Cables has more recently developed
a new range of Fire Performance
Cables with Low Smoke and Zero
Halogen Characteristics. XLPE
Power Cables with long life
expectancy are also now available.

BICC’s all important Total Quality
Standard, guarantees the supply of
safe and reliable power, control and
communication cable systems to the
Railway Industry.

BICC Cables Limited
Power Division
Wraxham - Clwyd - LL13 9PH - Wales
Telephone (0978) 662276
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It's the one name you need to know if you are faced with the problem of
communicating variable information, in the High Street, on the motorway or in
major passenger terminals. Cartners have a reputation for innovative
problem solving backed by successful experience of designing,
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world. From passenger terminals such as Heathrow, Gatwick and major rail
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America. Our latest electronic variable message motorway signs linked to
the National Motorway Communications System is just one example of our
continuing expertise. We are also the sole agents in the U K. for Solari Flap
Systems. Cartners are able to provide the best possible solution coupled
with state of the art information technology. You don't have to send a carrier
pigeon, use morse or semaphore, just contact us and we'll do the rest.

LARINER

DISPLAY SYSTEMS

Cartner Engineering Ltd, 1 Forward Drive, Wealdstone, Harrow, Middx HA3 8NT
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SETTING THE
STANDARDS OF
DEPENDABILITY

CIRCUIT CONTRO
COLOUR LIGHT SIGNALS AND KEY
TOKEN EQUIPMENT*

Tyer, the accepted standard for over 100 years. Range includes
relays to British Rail specﬁmnon, shelf

relays, miniature plugHin relays, colour light

signals, subsidiary shunting signals, key

token equipment, multi-lamp route

indicators, stencil route indicators, strength

and polarity indicators, circuit controllers,

electric lever locks, etc. Tm
*Enquiries for signalling swtn.legg products other than f —

those mentioned are welcol

For further information and descziptive literature contact: ‘depehd )

FIELD & GRANT LIMITED ——

(Inc. ZONE CONTROLS and TYER & CO)
BUILDING 39, PENSNETT TRADING ESTATE, BRIERLEY HILL, WEST MIDLANDS,
ENGLAND DY6 7PN. Tel: 0384 270171 Telex: 338359, A Wb of he [ADHEST] Group
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CONTROLLING THE
WORLD’S RAILWAYS

GEC-General Signal has an
international reputation for expertise
in railway signalling systems.

Contact us for a cost-effective
service based on over 50 years
experience in rail fransportation
controf supported by a continuing
commitment to research and

development.
L] [} L
GEC-General Signal Limited
Borehamwood industriat Park, Telephone: 01.953 9922
Rowley Lans, Borehamwood, Telex: 916129 GEC GS
Hertfordshire, WD8 5PZ Facsimile: 01.207 5905
England
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Railway signalling Supervisory control

Safety —
A perfect Track Record

The railways of Switzerland are famous for their punctuality,
reliability and safety.

Integra Sighum Ltd. is the main supplier of their safety and
signalling systems.

Integra Signum railway signalling products are also in operation in
various European and overseas countries.

Integra Signum Ltd.

PO. Box

CH-8304 Wallisellen, Switzerland
Tel, +41 1 832 32 32

Telex 826 260 isag ch

Fax +41 1 832 35 01
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FIBRE OPTICS

ADLAKE No 1231 MULTI ASPECT MINIATURE ROUTE INDICATOR

ADLAKE No 1249 TWIN ASPECT BANNER REPEATER SIGNAL

* LIGHT SOURCE - QUARTZ HALOGEN BULB
WITH OPTICALLY DESIGNED REFLECTOR

* POWER SOURCE - 110 VOLT INPUT TO
APPROVED TRANSFORMER with 12 Volt
OUTPUT

* NO MOVING PARTS

* ROBUST CONSTRUCTION DESIGNED FOR
EASY MAINTENANCE AND BULB REPLACE-
MENT. METAL HOODS AVAILABLE

* VISUAL DISPLAY PROVIDED BY TRANSFER
OF LIGHT THROUGH FLEXIBLE FIBRE OPTIC
GUIDES TERMINATED IN A MATRIX SCREEN

* A PERSPEX DIFFUSER PROTECTS THE
INDICATOR TO ENSURE OPTIMUM LIGHT
DISTRIBUTION, CLOSE-UP INDICATION AND
ENHANCE CHARACTER DEFINITION

* THE LEGEND DISPLAYED CAN BE LETTERS,
NUMBERS OR SYMBOLS

Lamp Manufacturing & Railway Supplies Ltd ‘
Signal House, Cherrycourt Way

Stanbridge Road N

Leighton Buzzard, Beds LU7 8JH "’

Telephone: {0525) 377477 Telex: 826014 LAMPS G
Fax: (0525) 850999
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Electronic
Signalling

Turmkey Signailing and Telecommunications Schemes
Comprehensive range of signalling hardware
Modern Electronic Schemes inciuding:

VITAL & NON-VITAL DATA TRANSMISSION

PANEL PROCESSORS - BUTTON PROCESSORS
TRAIN DESCRIPTION - PASSENGER INFORMATION
RADIO SIGNALLING

fML ML ENGINEERING (PLYMOUTH) LTD.
‘ smouth PLE 7PU. Engand
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Telephone Cables Ltd is one of the world’s most advanced
manufacturers of telecommunications cable with a
comprehensive product range incorporating copper pair,
coaxial and optical fibre technologies. From Asia to Africa,
South America to Australasia, TCL has laid down the lines

for advancement in rural, national and international
communications,

QPT
Teleph Cables Li d, Chequers Lane, Dagenham, Essex United Kingdom, RM9 6QA
Tel: 01-592 6611 Fax: 03-592 3876 Int. Tel: +44 1 592 6611 Tx: 896216 Drycor G

GEC PLESSEY
TELECOMMLUNICATIONS

DO YOU WISH TO

ADVERTISE

YOUR PRODUCTS

IN THIS SPACE ?
Apply To:
THE GENERAL SECRETARY
.LR.S.E.
1 BADLAKE CLOSE
BADLAKE HILL
DAWLISH
DEVON
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INFORMATION

PUTS YQU IN THE PIGyRE

Departures

1545
1558

1620
1622
1630

1630
1637

Shrewsbury
Londan
Euston
Chester
altrincham
Lincoln
Central
Liverpaol
Poole

TTRANE =Ungpy

Vaughan Systems Limited
VA U G H A N The Maltings, Hoe Lane, Ware,
Hertfordshire, SG12 9LR
SYSTE \V4| S cantaf‘t, Ware (0620} 462282
Tel :
PUTS YOU IN CONTROL 570555, 260700 oo 516




WESTINGHOUSE SIGNALS
TOTAL SIGNALLING TECHNOLOGY

Whether Main Line or Metro
Come to WESTINGHOUSE SIGNALS and take advantage of
our full range of services for —
Engineering design . Quality equipment , Installation
Testing . Commissioning . Expert training
After Sales support and Spares

—backed up by over 100 years experience of signalling trains.

%

WESTINGHOUSE SIGNALS LIMITED
FO BOX 79, Pew Hill, Chinpenham,
Wiltshire, SN15 10 England.
Telephone (0249) 654141

Telex 44618 Telefax (0249) 652322

WESTINGHOUSE

SIGNALS

PERENE
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