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(i)

The dissertation describes the develapwent wf a control system
for the safe, reliable and eftioient contrel of all train
movements in a railway petwork or a particular confijuratien.

Th2 netwark consists uf a single mata line connecting a number
of stations. At each station one or more locps exist whien
are used a8 train Crussover points. The network <an carry

trains in both directions and the system aims to mana the

movement Df Erains in such a way as to protect against
collisions, whilst maximising the traffic capacity of the
network, The system ailows for tihe traasit of trains from cne
station to another, the crossover of trains et crossing points

and tne shunting of trains at a station.

Traffic management decisions for the entire network are made
in a single central control room which is situated in the
network, Decisions made by a Traffic Controlles arve
transmitted as 'Traln Movement Instructions' to trains via a
xadio lipk, and a Movement Iastruction, which is displayed to
the train driver in his cab, gives the driver authority to
proceed as instructed system, called 'Centralised Radio
Train Control' or C.R.T.C., does not make use of any lineside
signalling equipment or train detectlon equipment. The radic
link is used for the traunsfer of both speech and data
{electronic) messages between train drivers and the control
room. Emphasis is placed on the safe operation of the system

at all levels of the system design and operation.
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PREFACE

H T0 ENGINEKSS AND IRON FOQUNDEAS.
/TVHE DIRECTORS of the LIVERPOOL and MAN.
CHESTER RAILWAY hereby offer a Premium of £500 (aver
L and sbove the cost price) for a LOCOMOTIVE ENGINE, which
shall be a deeided {roprovement onany hitherto constructed, sub-
ject to certaln tipulations &nd conditions, a copy of which may
be had at the Rallway Offiez, or will be forwarded, a8 may be di-

rected, on application for the same, ILby lettor, post pal

HENRY BOOTH, Treasurer.
Raflway OQffice, Liwrpoot, April 25, 1829,

Trom ‘HER{TAGE OF BRITAIN', Readers D) jest Association, 1975,

On an October day in 1829 in a field just outside Liverpool,

. Great Buitain, George Stephenson won a prize 2f 566 pounds

after demonstrating his revolutionary 'rocket', the
culmination of 20 years of hard work on the challenge of steam
locomotion. The 'rocket' achieved what would seem, by modern
standards, a modest accomplishment. It covered a distance of
35 miles at an average speed of 1S miles per hour, and it
proved to have a maximum unloaded spaed of 35 miles per houx.
That day, however, heralded the start of a new age of

transportation - 'The Railway Age’,

Railway transportation after 1829 very quickly became
econcmical, fast and convenient., It soon reached the stage
where it became necessary to regulate train traffic, and as
trains becawe larger, faster and more numercus the traffic
control systems becams more complicated and wote
sophisticated, giviny rise to a new discipline, that of the

Railway Signal Bngineer.
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In 1876 an event occurred on the Great Northern Line in Great
Britain which initiated the conept of ‘Fail-Safety'. A train
accident was caused by the faillure of a number of mechanical
signals. The signals had become laden with snow and wergs stack
showing a ‘groceed’ indication £y trains which should have
stopped. In the r2sultant ¢ollisien, which involvel a coal
train and two passenyer trains, 13 passengers were xilled and
many more injured, (t was made abundantly clear by this
incident that siynals would fail from time to time, and that a
philosophy of 'Fail-Safety' should be adogsted to prevent
further occurrences of such tragedies. In rhiz regard, a naw
mechanical signal was introduced wnich wag guaranteed to
automaticaily display a 'stop', or 'danger' iIndication in the

event of a failure in any of its mechanical components.

Railway Signaliling has yrown, with Railway Transport itself,
into a huye industry and the concept of ‘Yail-safety' has
dominated the signalling industry in all aspects of technical
design. Today, the microprocessor has become readily and
cheaply available and has been identified as having great
potential in the implementation of Railway Signalling systems.
The microprocessor will inevitably impinge more and more onto
the day-to-day control of train tratfic, but cheap and
convenient thouyh it may be, microprocessor controlled
signalling systems have associated problems in terms of
safety, The microchip is such a complex device that failutres
tend to have largely unpredictable results. New philosophies
and new design strategies have had to be formulated to achieve

the required level of safety,
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There are a number of microprocessor~controlled railway
signalling installations operative in the worid today and the

general trend towards the achievement of safzty has been o

duplicate (or rriplizate} nardwars to Jive a deyrze of
redundancy (see Chapter 7}, 9ae such system was developed by
Jt. J.5.0. Lambrecns of Tulkor Signalling (bPry) Gtd, wita tne
oriyinal application being for a Fail-Safe Daca TransEer
System, spacifically desiyned tor use in Railway Signalling
applications. The control of Sinjle Line Netwdrks was seen as
an area of signalling which could benefiv from tne application
of Fail-safe microprocessar technoloyy, and hence the
Centralised Radio Train Conkrol systes wa. devised and

designed as described in this dissertation.

he Euture holds tne potential fur large scale development

work in the field of Riilway Siynalling. Microprocessor

contrul of vital functions is a concept which is only now

becoming acceptable to transport authorities, but after the

initial instillations of cheap, feasible and safe systems tne i
opportunities will multiply rapidly and the scope for

microprocessor based signalling systems will be unlimited.
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INTRODUCTION.,

"Cenxtralised Radio Traia Cuntrol®, C.R.T.C., is coacexned with

tne control of traies travelling in bokh directirns through &

Railway Networkr in whioh seations ar. connected by single
lines. Single line connections are otten used in rural

1 ko have two lines,

natworks where it nay be jnpract
parvicularly wher2 Iony distances aad low traffic densities
are involved, Instead, 3 single line is used and e¢ach station
along the route has one or mora loops which are used for
trains crossing thereby allowing brdirectional train tisvel
(refs. 127,2¢). Fijure 1.1 represents a single line network,

showing a number of stations and crussing loops,

CROSSING LOOPS

[N [ N/

STATION 81 Con STATION \ /
\ STATION

SINGLE LINE CONNECYIONS
Figure 1.1: The Sinjgle Line Network.

In single line systems, where it is required for trains to
travel in either direction alony a single track, it is
imperative to manage train traffic so that two trains do not

enter the same section simultaneously, giving rise to the
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"Centralised Radis Train Control", C.R.%.C., is concerned with
the control of trains travelliny in both directions through a
Railway Network in which stations are -oanected by single
lines. Single line connections are often used in rural
networks where it may be impractical to have two lines,
particalarly whee: long distances and low trafiic densit.es
are involved. Instead, a singyle line is used and each station

te along ths route as one or mors lcops which are used for

trains crossing thereby alluwing bidirectional train travel

{refs. 13,20). Figure I[.l represents a sinjle line network,

showing & numoer of stations and crossing loops.

CROSSING LOOPS

el

STATION

STATION STATION - \ /
‘ \1// starion

SINGLE LINE CONNECTIONS

~

Figure 1.1: The Single fLine Network.

In single line systems, where it is regyvired Eor trains to
travel in either direction along a single track, it is
imperative to manage train traffic so that two trains do not

enter the same section simultaneously, giving rise to the

.
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possibility of a collision (refs. 13,17). The management of
train traffic in this tvpe of uatwork can be achieved by
formalising a set of wperating regulations, which can be
implemgrted by a control system. The cumplexity and
sophistication nf the contro)l system will depend oo the
traffic density, the numper of loeps, and the speed of trains

in the petwork.

What essentially must a contrdl system achieve? Figure .2
X ' shows a single line section canneating two stations, Station A

and Station B. Each station in the example has a sinjle

crossing loop, and in each station a train is staged on the
main line (Train 1l in Station A and Train 2 in Station B.)
Train 1 is due to travel to Statien B, and Train 2 is due to
travel to Station A. In order to aveid a collision, only one
of the trains may enter the section, and the other train must
wait until the first train has cleared the section. This would
constitute a typical operating regulation. A single line
control system must decide which train should leave first and
- ensure that each driver knows whether he should wait or

continue,

SYAYION A STATION B

SINGLE LINE SECTION

TRAIN 1 TRATH 2

SINGLE LINE SECTION

Pigure I.2: A Single nine Connection.

S




Operating regulations for single line craffic, the gcinciples
uf which are described in Chapter 1, tend to be o awon to most
of the control systems which have evolved tnroughout the
history of single line siynalling systems, These regulations
generally form the basis for control systems ragardless of the
sophistication of the control system used to implement them,
Chapter 2 outlines the history and development of some of
thease control systems, placing C.R.T,.J. in an historical
context, and desuribes two sumilar projects which have
racently been developsd in other patts of the world namely
British Rail’s "Blectronic Token™ (ET) and British Columbia
Rail's “Location Identification and Control" (LIC) (refs.

3,4,16,29) .

The motivation behind recent developments, and that, behind tne
development of C.R.T.C, has been one of cetting operating
costs, It has become feasible to use electronics for train
control, as exemplified by the fact that solid state systems
have been developed, and are in use in several fields where
safety is of utmost importance. Cheap, reliable electronic
equipment (speciElFally digital electronics and
microprocessors) coupled with the use of radio cummunication
to transmit electronic "mesgsages" bave allowed the control of
large, single line networks to become centralised (refs.
6,8,11,14,16). This represents a significant saving in running
costs by eliminating the need for trackside signalling
equipment and lengthy cabling as well as reducing the number

of operating personnel required.




Many single line networks, particularly in rural areas where

‘li passenger traffic is light, are under threat of closure
i’ A '- i because of the expense ol running them under the present
control systems. These can be continued, and run in a safe and
efficient vcontrol environment by restruszturing the train

contrsl systems and minimising running costs,

In C.R.T.C. a single operatay, werking from a control room, is
able to communicate by radio with any train driver in the
natwark under his centrol as snewn in Fij [,3. The controller

uses tne radio link ty give each driver his movement

‘ iastructions as and when the train is to move. Eacl

instruction is jiven both verbally and by a digitally encoded
messaje, and microprocessar supervisory ejlipment ensures that

no conflicting “Movement Authorities” are Issued.

TRAINS IN A STNGLE LINE NETWORK

am e

S~

COMMUNICATION

CONTROL ROOM

Figure I.3: Radio Communicatiou.
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The operator is given various tools to aid in the management
of traffic in the network: a microprocessor system which
enables the instructions to be digitised and sent in
electronic form to the train (where each instruction is
displayed to the driver to yive him a clear, unambiguous
record of the instructiva); a specially designed interface
which gcevents the operator from attempting to set up a
movement instruction which would be rejected by the safety
check equipment; and a Jraphic Jdisplay of the entire netwirk
refluecting the position of all stations and crossing loops,
the preseace of trains, and the current status of each train
regarding the driver's movement authority. The structure of
the system is summarised in Chapter 3 (a @-~railed description
of the components of C.R.T.C. is given er 4) Chapter
5 enumerates all the possible "iastructio 4hich train
drivers can be given. These instructions combine to build up &
full management system, and are communicated between the
C.R.T.C. operator ia the control room and train drivers in the

field via a fixed protocol which is descrised in Chapter 3.

Each instruction transmitted to a train driver involves some
form of train movement. Once a driver has been given a
movement authority, it is necessary that his train be
protected, and that no other driver be given an instruction
which may result in conlfliction, Hence each instruction given
to any train driver must be interlocked witn all existing
instructions and the mechanism of this interlocking is

discussed in Chapter 6.
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C.R.T.C. is a complex system and, like any system which
controls the train traffic, must bs Failw-gafe: that is a
fallure of any part of the control system must never lead to
the occurrence of a dangerous situation. A failure of the
control system can be detined as any deviation from tne
specified operation of the system, whether it be an equipnent
failure or human error. A dangerous failure is one which leads

to the possibility of a direct infringement of the safety

rejulations governing train movements. Failures can never be
entirely eliminated, but it is the responsibility of the
cuntrol system to minimise the ovcurrence of dangerous ones.
Mal funcrions in C.R,T.C. can arise from several sources:
operator error, data corruption during transmission,
misinterpretation by the driver etc. Chapter 7 describes all
these sources of error in some detail, and shows how the

system protects ajainst the errors causing unsafe situations.

The specific aim of the project was to develop a specification
for an inexpensive single line control system which was
acceptably safe and easy to uperate and which would enable the
efficient management of train traffic in a network. The
resultant system, C.R.T.C., ‘;ms designed after lengthy
consultation with various signalling experts, aod part of this
consuitatien involved the demorstration of a phy sical
implementation of CLR.P.C, with a simulation of some of the
aspects of the system. Chapter 8 describes the technical
details of the simulation, which is in essence an operator's

workstation.




Chaptac 1: Operating Rejulatious

1.6 What is Single Line Control?

A single line network consists of a numbaer of stations, or
pssing places, as illustrated in Fig 1.1. At each station,
two trains (i.e an 'up' krain travelling in the 'up' divection
and a ‘down' train travelling in the 'down' direction) can
cross over if one of the triins waits in the loop while the

N other passes throuygh on kthe main line (or vice versa). The

networx caan include many such stations, and each station may
Bave one or more croussing loops. The problem lies in

requlating the movement of the trains such that collisions are

preventsd and there are certaln basic operating regulations

which are us=d callectively or individualiy tc achieve this,

UP DIRECTION QOWN DIRECTION
et it
A-L00P 8-LDOP €-LooR
A 8 [
. MARIN LIME\SECTION A-B/MAIN LINE\SECTION B-C/HAIN LINE\ |
STATION A STATION & STATION C

Figure 1.1: Sinnle Line Nomenclature.

Most control systems are based on some or all of the followiag
working procedures described in tne following paragraphs (ref.

3.




1.1 Absolute Working.

In this working procedure only one train is ever allowed into

a section at a time (see Figure 1.2}, This 13 strictly

$ to all triins rojardless of whether they

enforced, and appli
are shunting, proceading to a Jestination, or stationary in a

section,

= L Viz\

TRAIN 2} TRAIN 1 | ELIE

Figurs 1.2: Apsolute Working.

1.2 permissive Workinjg.

Here, one or mere trains are allowed into a section provided

that they are all travelling in the same direction. They must )
proceed at Fixed, requlated tie intervals and maintain
spproximately the sume constank speed {see Fijgure 1.3).
permisgive Working (a8 the name dmplies) is a method which
relaxes the more stringent tegulations specified in Absolute
Workinyg, Safety is sacrificed to a rmertain extent in favour of
flexibility and Permissive Working is generally used to
improve traffic flow where lony distances separate crossing

places which would tend to become bottlenecks under Absolute

Working Regulaticns,




e £ fn /)

e >
TIME SEPARATION

Figure 1.3: pPermissive Working.

1.3 Interworking.

This method makes use of 'interloaps' to enhance the traffic
£low through long sections of line. An interloop is an
unmanned crossing place which is rormally constructed at some
point alomy a section. When the section between two stations
includes an interloop (see Figure 1.4) two trains may enter
the same section, one from either end. Bach driver is aware
that a second train is approaching, and is instructed to stop
and wait at the interloop until the crossing has occurred.
tike pPermisgive Working, Interworking is used to enhance

traffic Flow.

[\ 8% iz /fe\

STATION “5TOP AND WAlT V'STDP ARD ¥all STATION
AT LOOP,™ INTERLOOP AT LOOP.*

Figure l.4: Interwotking.
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1.4 subsidiary Wug o,

These regulations cuver “ho situation where the section
between tws stations includes 1 siding (se Figure 1.5). This

iver is

could ocwur, Eor exampioc, where s private subsc
serviced by the single liae and trains entering the section
may exlit the controlled area vii the shiling, There must be
some form of commanivcabinn bDetween the train driver and
OPerating personunel d. One 9t the stations to ascertain the
position of the traio s that the section can be ‘cleared' for

use »y another =rain when the Pirst tral. aas entered the

siiing.
*MAIT UNTIL TRAIN §
}5 COMPLETE TN SIDING.*
SI0ING
/[ NEY/ £ 3N
STATION A TRAIN 1 STATION B

Figure 1.%: Subsidlary Working

The working rejulations dscribed above constitute the rules
which must be followed to vnsure sale operation for single
line networks. C.R.T.C. is an implementation of Absolute
Working regulations and strictly entorces the rule of only one

train per section, Because C.R.T.C. is based on centralised
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contrel, stations ars not manned, and all control is initiated

Srom the single sontrol room, This means that 'interloops' and

'sidings' can be catared for - by desijnaking them as

‘stations',

2tion

Por example, whaoae o sing

slades an interlaop (or

1 siding), toe interloop woualld bece

under C.R,T.

station and e

nreiag woaid ve broken intd two sections {see
®igure l.ni. This acans that traffioc congestion can be kept 2
1 minimam witdout sicrifuning the toperaat satety associsted

witn Aosoiute Worxing.

SECT1ON A-B

LooP
SIN A \_/ STN 8
SECTION A-C ‘ SECTION C-B

STN € / \

SiN @& \ / 8TN B

STN 8

Figure l.&: "[nterworking" in C.R.P.C.
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initiated

contre' statiens are not menned, and all control is

Erom the single control toom. This means that 'intarloups' and
'sidings' can be vaterwd tor - oy desijgnating them as
‘stations',

Por example, whece o sinlie secnion inclades aa interioop (or
2 siding), tne interivop wou under JLRLT 3
station and tihe seonion woubd e DroXen Int, two $2081008 (8o
Figure 1 This @eans tnat teaffic cumpestion son be kept )

2 minimum witaont acriticing tie abersat si1fety associsted

with Aosolui- CXING.

SECTION A-B

[\

LOOP
sTH A SN &
SECTION A~ * SECTION C-B
\ aEm
\\ SIN C
SIN & STN B
STa B
Filgure l.6: "Interworking® in C.R.T.C.
. o .




For long sections wiih no 'interloops’, and where traffic
leveis would normally reguire the use of Permissive Working, a
C.H.T.C, system would beoak up the long sextion into two or

Mmore Sections, With 'stations’ 10 setwesn

e Figure 1.7).
Each station would constse of ¢ miin line but no 2eossing

Lanps. Naturally, cross ajs conld a0t be made 10 these

apparent stat

Ofa, bat btraias Exllowiny 1o the same Jirestion

would makae use ot 6

o omalciple tlons o osimalate 2

Permisaive Wor<ind! situition wiknoat deviating from Avsolate

Working rejularions. acn o

Sparent statinn would b marked in

4, oy mar<er woards 0o would 1adicate ko the driver

tnat e has rasched tae end of 3 ‘section', and is required to

stop, or to obtain farther authority to enter the next

SeL1an,

SECTION R-B

5TN A STN B
SECTION SECTION SECT1ON
/ A~C c-p -8
= +—i e
8TN A SN C STK D SIN B

figure 1.7: "Permissive Working" in C.R.T.C.
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The operating procedures described in this chapter (Absolute
Working, Permissive Working, Interworking and Subcidiary
Working)} have provided the basis for single line control
throughout the development ol most control systems. C.R-T.C.
is a direct implementation of Absolute Working in principle,
out has the inherent flexibility to include some of the
advantages which, under conventional control systems, would
require the special conditions of Permissive working,

Interworking and Suusidiary Workinog.
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Chapter 2: A History of Sinyle Line Control Systems

2.8 Intreduction.

The wWorking Reyulations descrived in the previous chapter have
been the basis of vurious control systems which have devaloped
throughout the history of train travel. The ever-increasing
density of train traffic and the speed of train travel have
dictated that these systems be upgraded and changjed
continually, makinj use of new technology and techniques.
C.R.T.C. is one of tne most recent developments along these
lines and aims to increase the efficiency of singlea line
control, whilst reducing the cost of maintaining single line
networks., Safety has always been of primary concern in all
Railway Signalling systems, and safety has been one of the

major criteria beniand the development of C.R.T.C.
The following Chapter traces aspects of the evolution of
single lipe control systems from which C,R.T.C. is in part

derived,

2.1 Timetabling (ref. 1

An early solution to the problem of single line control {and
one which is still in use) involves the regulation of train
movements by a fixed timetable. The movement of each train is
governed by a timetable which dictates details of when the
train may proceed, wait or cross over. The timetable is

carefully worked out to aveid confliction batween different
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trains. This method, however, has the potential Eor huge
delays ~hich ripple through the whole system if a single train
fails to adhere to the timetable. Furthermore, any instance of
departure from the timetable (for example if a train breaks
down and is delayed in a station} invalves the dynamic
tescructuring of the timetable, thereby increasing the
potential for ertvr. This method is obviously untenable except
for systems having very low traffic levels since with the
increase in traffic density comes also an iagc. rase in the

frequency of errors.

2.2 The Token System (refs, 13,17,28).

Implementation of Absolute Workiny can be achieved very simply
by designating a single, physical 'token' for each single line
section. A train may ouly enter the section if the driver has
in his possession the token for that section- thereby ensuring

that only one train can be in a section at any one time,

The 'token' was oriyinally represented by a wooden staEf which
would be carried up and down the section by alternate up and
down trains. In the case where two following trains had to
travel consecutively through a section, then {Eor Absolute
Working) the staff had to be returned to the origipal end
after the passaye of the first train by some other means -

usually by & 'runner' or a cyclist employed for that purpose.
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Permissive Working was also achieved using the wooden staff

token System. Here a paper 'ticket' was issued te the train

driver and he was shown the staff as proof that the other end
of the section he was about to entet was secute. Only the last
of a series of tollowing trains was jiven the stalf for

transfer to the orner und of the section,

The 'token' system provides the basis for single line control
and has been refined over the years where necessary.
Telegraphic cummunicatioa between Stations has yreatly
increased the efficiency of the physical token system and
allows for the use of multiple tokens (only one token to be
allowed 'out' at a time). This is achieved by regulating the
issuing of tokens via 'Token' or ’'Block' Instruments which ate
situated at each end of a section. The release of a token at
one end causes electrical signals to be transmitted to the
opposing instrument which then locks jtself against further
token issue until the token has been inserted in the second
instrument, signifyiny that the section is now clear, The
Block Instrument is opetatad by the Station Master, and
various methods have been devised whereby the Stétion Master
can exchande tokens with the driver 'on the fly' i.e. without

stopping the train. The Station Master thereby receives the

token from the previous section, and issues the token for the
following section.

control centre. Processing equipment svpervised by a human
operator at the control centre, prepares 'Control point

Instructions' based on information about all trains. A
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2.3 Communication - Radio {ref. 26}.

As discussed in the previous section, communication was used

to ennance the token system allowing multiple tokens for &
section and obviating the need for 3 ‘runner’ to carey
messages and return tokens frow one end of 3 seckinn to the
other., The disadvantasjes of commupication by electrical cable
were emphasised on the Inverness-Wick line in the North East
of Scotland where traffic was totally disrupted when a severe
storm in 1978 destroyed the comnunication cables. This caused
immense delays, and it was decided to replace the cables with
a radio network. This jave tne added advantaje that train
drivers could be contacted en-route. The mechanical token
systam was not replaced, however, but a Eail safe
microprocessor system was developed by British Rail to
interface the existiny Block Instruments to Radio
Transceivets, Control was not yet centralised and was still

essentially implemeated between stations,

2.4 Radio apd glegtroni ~ Gentratised Control (refs.

3,12,20) .

The Inverness-Wick 'Radio Block' system illustrates two

significant developments in the field of Railway Siygnalling:
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1)Radio communication permits the transfer of

information directly to moving trains from a central

control area;

2} Microgrocessors can be configured to give acceptably

safe processing ko enhance the eff ency of train

cantrol,

These two factoers give rise to the feasipility of centralised

control and electronic 'Cab Sigynalling'. The control af single
[ line networks has evolved from the days of blanket time:able
operation with little or no cwmunication vcecurring batween
different geographical parts of a system "in real time", i.e.
as and when events occur during operation, to a more
concentrated system with close communication between adjacent
stations. The next logical step is towards fully centralised
control, in which communication occurs from a central

'operating room' directly to trains in a network with many

stations and single line sections. The radio technolegy

Facilitates this type of communication - and electronic

technoloyy provides the complex decision-making ability

required for wiltiple sections, the high speed processing

} tequired for faster, more dense r.mflfic, and the ability to

display 'tokens', or 'movement authorities' directly to the i

driver in his cab -~ the concept of ‘'Cab Signalling'.

Technology may nob yet be equal to the next step - total
automation - where the 'signals' transmitted to the train
control autematic ‘train driving' equipment, although a number

of driverless transit systoms do exist in simple,
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unidirectional systems. Recent projects ,however, are a step
in this direction., Some of these projects include British
Rail's EBlectronic Token system, British Columbia Rail’s
Location fdentification and Control system and, the subject of
this dissertation, Centralised Radio Train Control, all of

which make use of thw concept of Cab Signallinyg.

2.5 Lacation Identification And Control (ref, 4).

Location fdentification and Contral (LIC) integrates a complex
sek of train detection equipment with cab signalling,
centralised control, and a microwave communication link into a
sophisticated system which can be applied to networks beyond
those of single line complexity. The LIC system is presently
being developed in 8ritish Columbia for areas in which traffic
levels are relatively high, and the more conventicnal 'paper
order' system in which drivers are given Full instructions on
paper (a modified 'timetabling' system) can no longer cope.
Detailed information such as speed, lecation and last carriage
detection are transmitted to the contrel centre through the
use of trackside ‘transponders’. A transponder is a piece of
electronic equipment which, when activated by a passing train,
responds with a fixed message (such as its position, distance
to the next transponder etc). On- board train processing
equipment then processes the message to calculate speed and
position, which are transmitted Erom the train back to the
control centre. Processing equipment supervised by a human
operatnr at the control centre, prepares 'Contrel Point

Instructions' based on information about all trains. A
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Control Point Instruction is a message which is transmitted to
a train driver and displayed in his cab and which constitutes

his authority to proceed into a section.

2.6 Blectronjc Token (refs. 3,12,20).

The ‘Electronic Token' system (ET), a project sponsored by
3ritish Rail, has Yeen installed on a line in Scotland, and is
running in paraliel with a mechanical token system, ET is
simply a computerised version of the token system with
centralised control, Eyuipment mounted in the cab of the
trajn gives the train Jdriver a ‘receive’ and a 'send’ button
which he must actively depress in order to receive or to
return tokens. His train position is established by means of
verbal communication over the radio with the central
despatcher, there beiny no trackside detection equipment, The
despatcher is given a keyboard and monitor interface which
gives him a display ¢f the full network and the positions of

all the trains, and aids ia the management of the traffic.

2.7 Safety Considerations: LIC and BT.

There is little available information concetning safety for
LIC, but BT bares its operation oa the 'Absclute Working'
Method in which a section may only carty one train at a time.
The inteyrity of the token issue procedure is ensured by a
computer in which three microprocessors run in parallel, and a
majority vote of two out of three microprocessors is required

before decisions are allowed. The three 'programs’ running in
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the triple computer are all the same and have undergone an
extensive 'validation' procedure before being installed.
Through this procedure attempts are made to ensure the correct
aperation of the system and its compliance with the 'Absclute

Working' rejulations for all operating conditions.

While the process ot validation is an attempt to eliminate
software errors, nardware errors are nendled by redundancy.
since the hardware is triplicated, a sinyle error can be
'detected' by the othevr two processacs, the offending hardware

isolated and notification of a failure indicated.

2.8 Centraiised Radig Train “ontrol (refs, 1,2,19).

Since C.R.T. is the subject of this dissertation, it is

pertinent to discuss it briefly in the context of these other

developments,

Unlike LIC, C.R,T.C. does not requirte complex and expensive

trackside equipment. verbal communication between the traffic

controller in the control room and the train drivers serves to

establish train leocations, [n C.R.T.C. on board train

proces

ing equipment is used only to receive and tran
messagaes initiated by the oprrator and the driver. No train
speed information is required as in LIC, making C,R.T.C. a

cheaper, less sophisticated system,
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C,R.T.C. and ET were developed along similar lines and share
certain concepts, particularly those concerned with ensuriny
safety. However, compared with BT, C.R.T.C. is a more
comprehensive manajement system with a tormal, stricely
defined procedurs for combining the transter of vorbai aad
data information between the train driver and the wntrolier,
Unlike ET, which provides simply for the transfer 1 Eokens,

SemEnt

C.R.T.C. allows fur the issuing of a ful. ranys: ¢
authorities, allowinj shunting, the temp rary cl.sure of
seckions, tne cancellation of proceed aurnerities anid the

issuing of multiple movement authoritie:.

2.8 Conclusion,

The traffic control systems described 11 :is chapter

{i.e. tn

evolved as a result of technolegical adv

telegraph, radio, electronics and thy @it _r--cessor) saich

have each enablied improvements te be mao. in running ts,
safety and/or efficiency. In C.R.T. . a 7.1 vbjective was to

incorporate modern technoloyy only wier 1t «uuld provide

real, tangible advantages. The foilowing chopters describe ti=

equipment used in C.R.T.C. and il. sitrate %32 significant

advantajes which the use of such quipment facilitated,
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Chapter 3: General Specification Eor C.R.T.C.

3.9 Introduction.

The objective of C.R.T.C. as a <ontrol system is the safe,
atficient and cost effective manajwement of train traffic in a

single line network.

Th2 format of C,R.T.C. is illustrated in Fiyure 3.1 and
comprises a central control room manned by a single opevator
in radio communication with all trains in the network under

his control.

RADIO SINGLE
CONTROL - COMMUNICATION LINE
CENTRE WITH TRATNS NETWORK

Figure 3.1t C.R.T.C. Format.

=1

T




-24~

The cencralisation of control has a number of advantages.
Compared with other conventional systems, operating costs in
C.R.T.C. ar:; reduced since centralising the control system
obviates the necessity for each station to be manned, saving
on personnel costs, All traffic control emanates from the
single control rvom, and instructions ate transmitted directly
to train drivers., with the ‘cab signalling' approach, eloments
such as siynals in the Field are por reguired. This rep.esents
a saving in both installation and .intenance, and eliminates

the need for lenyths of trackside cabling,

Bfficiency too is significantly enhanced by the centralisation
of control, The traffic centroller is given relisple, up to
date information concerning the trains in the network under
his control, and since this information is presented to him in
a clear, concise way, he is able to manage train movements,
and meke his decisions on the basis of the global information
available to him., This allows the controller to plan train
movements ahead of time and C.R.T.C. is sufficiently flexible
toe enable the controller to change timetables dynamically to
suit traffic conditions which arise during the course of
operations. The controller is also able to cater Eo;
extraordinary situations, such as broken-down traiing, and to
reorganise Lreffic patrherns in order to minimise delays to

other trains,

-
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C.R.T.C., therefore, allows the controller to handle traffic
in the most efficient way possible. Morecver, a further
advantage associated with centralised contrel is that since
#ll decisions emanate from one source, they can be
automatically recorded and used to build up a Traffic Flow
Summary which can be used as an ai¢ co fu"ther planning, or as
a 'Loy of Bvents' to be consulted in the event of an accident

and used to recunstruct and analyse malfunctions.

In C.R,T.C. the control rooam is the centre of operations.
Train traffic is managed from the control room and from thnere
instructions are transmitted to trains regarding the resulting
movement authorities. Train drivers communicate informatiecn
concerring the status of their trains (i.e. the location of
the train, the entry of the train into the network, etc.) from
the field to the control room where the operator collates the
informativn and then uses it az 2 basis fcr movemenl

decisions,

The system therefore involves the communication of certain
messages between the control room and the cab of a train, and
both the operator and the driver are provided with eguipment

to facilitate this communication.

]



26~

Hence, the general specification for C.R.T.C. includes

1)A definition of the format of movement imstructions;

2}A description of the procedure to bhe followed for
communication between 2 train driver and the traffic

controller;

3tan overview of the equipment used in the control
room and the train for the implementation of the

system,

3.1 Movement Iastructions,

- the basis for the operation of C.R.T.C. is Absolute Working,
as described in Chapter 1, and all the messages which can be
sent to a train driver are based on this premise. The full
control of a network is accomplished by usiag the following

types of messages:

l)Permission to enter the network {this is referred to

as 'Train Initialisation');

Z)Permission to proceed to a destination station {i.e.

permission to enter a section ot sections);
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3)Acknowledgement of the clearance from a section
{effectively withdrawing the authority from the driver
to be in the section in order to allow a second train

to enter the section];

4)permission to shunt from a station inte a section
(i.e. permission to entet a section for the purpose of

shuntinyg);

S}Acknowledgement of a completed shunt (i.e. clearance

of the section used for shunting);

6)}Cancelfation of a proceed auvthority ({i.e.
withdrawing the authority for a section before the

driver has entered the section).
There are several other C.R.7.C. instruction types - such as
changing a train number - these, along with the types

mentioned above, will be discussed in detail in chapter 4,

3.2 The Communication Procedure.

in order to formalise the procedure by whieh the ktrain driver
and controller collaborate in the issuing of movement
instructions it is necessary to define the protocol by which
they communicate. This protocol is fixed and czlearly

structured in order to make the formalb consistent.
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The Radio network is coafigured to allow 'selective calling'
whereby the operator can set up a channel between the control
room, and a specific train, masking out all other traias.
Train drivers are able to reguest & contact to be made by
transmitting a snort, out of band, reguest burst., A pending
request is displayed to the operator, who then sets up a

channel to communicate with the requesting train driver.

When a channel has been established there is a vommunication
tink across which both speech and data can be transferred
between the control room and a train. A C.R.T.C. 'transactiocn’
is the procedute by which a traia driver is given a new
instraction, and a transaction (ot series of transactioas) is

always initiated by the channel set-up procedura.

The system does not make use of any automatic train detection
equipment, and it is the responsibility of the driver to
convey verbally any information concerning the locality of his
train ko the operator. An early specification for C.R.T.C.
called for the driver to indicate this information by means of
a complex set of pushbuttons in the cab, This, however, would
place a burden on the driver, pussit;ly detrackting from his
primary fuaction - that of the safe driviang of the train, and
it was decided that all such information should be
comnunicated verbally. The availability of a free speech

communication facility further easures that:
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1pFull, unambiguous information is available to the

operator;

2)The driver can communicate quickly and easily

without the distraction of pushbutton selection;

3jabnormal or emergency situations can be rapidiy

communicated.

Communication in C.R.7.C. comprises speech and data, the data

communication serving to confirm any instructions transmitted
verbally, and also enabling the driver to be given a visual

electronic display of any current movement authority. The

communication progedure, therefore, combines the transfer of
both speech and data information between the conktrol room and
the train resulting in the issuing of an instructicn to the

jriver. The driver is given a single pushbutton with which to
acknowledge, and give his consent to any transaction, and the
controller is required to enter certain information about the

train at a data entry terminal interface.

A full transaction consists of the followiny sequence of

activities:~

1)The operator sets up the radio channel to the
relevant train {if it is not already set up from a

previous transaction);
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2)The operator is prompted (at his data entry
intexface) for information concerning the type of
transaction required, and any information about the
train (its position ete,) which may be reguired for

the specified transaction;

3)The driver verbally gives the operator the required

information;

4] The operator enters the information into the data

entry interface;

S}A formal verbal authority is displayed to the
operater who is reguired to read it to the driver over

the radio;

6)The driver may, if he agrees, acknowledge the
message verbally, If the driver does not accept the

transaction, the operator aborts it;

7)IE both the driver and the operator ave satisfied
with the verbal transaction they both press 'execute'
pushbuttons (the driver is supplied with a single
pushbutton for this purposce and the operator uses his

data entry interface);
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8)While both buttons are depressed, a data message is
transmitted across the radic channel and
electronically acknowledyed by the receiver equipment

on the train;

9)The driver receives aa electronic display of the
€ull text of the instruction which now constitutes his
movement authority. The authority will be overruled
only at the next transaction, and this again must
receive the consent of the driver using his

pushbutton.

1f, at any stage during a transaction, either the driver or
the operator is not satisfied that the information is correct,
the transaction can be aborted and no authority will be deemed
to have been given. The transaction is defined to have been
completed only when the data transfer has occurred and
authorities are only valid from this point., If, at the
conclusion of a transaction, the electronically displayed
message does not agree with the verbal message received by the
driver, he must immediately inform the controller, and until )
the error has been rectified he must consider the displayed

message invalid.

1.3 The Bquipment used to Implement the System,

In order best to implement the specification as generally
outlined in this chapter, C.R.T.C. features control room

equipment as shown in Figure 3,2,
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As can be seen from Figure 3.2, the control roam equipment

comprises:-

1)Radio Bguipment with speech and data interfaces;

2)Safety Check Equipment;

3)overview Display;

4)pata Setup Monitor.

The operator is notified of cutstanding requests for
communication via an interface with the radic equipment, This
interface can also be usad to set up vommunication with any
train in the system. The radio, once set up to communicate
with a train, allows frea speech between the operater and
train driver and also has a data interface which allows data
to be transmitted to and received from the train, The data is
routed throuyh microprocessor 'safety check' equipment which
ensures that no unsafe massages are transmitled, and that the
correct acknowledgement is rgceived from the train, The data
is generated from a monitur and data input device which is
used by the controller to soet up teain movement instructions
prior to the data transmission purtion of the communication
protocol. The entire status of the network, and of all trains
in the network is displayed to the operastor by a colour
overview display monitor, which gives the operator information

upon which to base decisions regarding traip mavewments,

Zaik
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Equipment mounted in the wab of the train is shown in Figure

3.3,

The train-borne equipment consists of the following:-

1) Radio with pech and data intarfaces;

2)Processing Eguipmant;

3)35ingle Line Dispiay Unit;

4)Single Pusnbutton.

The radio, which has both speech and datg intwrfaces, enables
the driver to communicate with the opetator 2:iony the lines
specified in the communication protocul. Data messages
received from the control room are interpreted by a
microprocessor which controls the display unit for the display
of the current instruction vo the driver. This microprocessor
equipment alsc manajes the data communication, transmitting
back to the control room an acknowledgement of each message,

and the state of the driver's ‘execute’ pushbutton.
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3.4 Comclusion.

C.R.T.C.

factors:

is specified in general by the following major

L)Control is centralised, with movement avthorities

beiny transmitted directly to trains by radis;

2)authorities are transmitted both verbally and

electronically;

3)absolute Working reyulations govern all train

movement;

4)Traffic movement decisions are made by a traffic
controller, but they require the cooperation of the
driver of the relevant train before they can ba issued

as valid instructions,

@

Lo
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Chapter 4: Detailed Description of C,R.T.C. Eguipment.

4.8 Introduction.

In Chapter 3, = brief overview of the equipment used in
C.R.T.C. was given. Chapter 4 will describe in more detail the
individual components, p:rticularly with respect to the
ergonomics of the humar interfaces and the built-in safety at

the hardware level of the syatem,

The operator's interface consists of a moaitor and an input
device, an overview display and a microprocessor controller,
“his has been built using an IBM personal computer which was

used for tne following reasons:~

1)Since a graphics colour monitor and driver is
currently available for use with the computer this can

be used for the overview display;

2}A monochrome moniter and driver can be controlled by
the computer (at the same time as the colour monitor
and the munochrome monitor is used as the operator's

data setup monitor;

3,rhe computer is driven by a fast, powerful
microprocessor which is capable of providing the

necessary control of the operator’s interface;
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4)The system includes o keyLoasrd which i3 used as the

data entry inte. 'ace;

§)Existing hardware 4o Software caa e vsed for

interfacing to the satety .quipment.

4 Safety.

The safety equipment, which accepts requests from tae
operator's interface, checks tne outgoing messajes for safety
{ensuring that interlockin) rules are not trans)ressed),
formats the messayes for transter acr»is the radio link, and
ensures that the proper acknowledyemenks . returned ¥raom the
train, It is this equipment which is vital no bne saie
operation of C,R.T.2. and <consists of a fail-safe
microprocessnr system in which three microprocessors run in
parallel - all tne hardware is triplicated - and a majority
'vote' of two out ot the three microprocessors is reguired
before any action is taken (tr:fs. 6,8). The softwai» for this
system {each microprocessor runs exactly the same program) is
therefore critical, and must be error-irve. The major function
of the safety equipment is therefore to supervise all the
transmissions, ensuriny thabt conflicting authorivies are never
in forc. simulleacously and that transmissions are
acknowledar ] correctly., All tasks which are not safety related
are undertaken by other egaipment in the system. This reduces
the amount of software which needs to be validated or tested
extensively to remove all errors, since software validation is

an extremely labour intensive procedure.
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The safety equipment is presented with a 'tequest' for the
release of a train authority, and must decide on the safety of
the request (this will depend on authorities that have already
been issued). The safety equipment has no effect on, or
control of the interaction between the operator and his
interface during the generation of the request, it is only
‘consulted' in the final phase of a transaction - the data

transfer to the train.

4.2 A Data Bntry Intecrface for tne Operator,

A man-machine interface for tne input of information to a
machine must be desiyned carefully to give fast, simple access
t0 the machine whilst still allowing for the entering of all
the possible information which is needed for the running of
the system, Various alternatives For the input device were
considered in terms of their suitability for the specific aims

of C.R.T.C.:
lyphysical Pushbuttons,

In ghis type of input device, the operotor is provided with an
array of pushbuttons, each of which is labelled with a command
which is understood by the operator to present a valid
ingtruction to the C.R.T.C, eguipment, The major disadvantage
of this is that, in C,R.T.C. there are a large number of
possible 'commands' and the cperator will be faced with a

large aumber of pushbuttons from which to select the required
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pushbutton; he will thus be hampered by the need first to
locate the correct pushbutten, then to press it, and this

could lead to delays and possible errors.
2) A Full Keyboard.

In this instance, by using a typewriter-type keyboard, the
operator puilds up a full ‘'command' by seguentially typing
keys, each of whien 1s labelled with a letter, or numper. This
is a standard approach to data entry, particularly where
computer equipment is used. Howevar, it requires that tne
operator learns the exact structure of each command and the
method is time-consuming and errer-prone since typing skills
are required for the efficient use of a keyboard, and mistakes
can be made ip typing in the correcc structure each time a

command is entered.
3) 'Menu and Cursor’'.

In this method the operator is given a vDU (Video Display
Unlt) which displays a number of 'pushbuttons', each one
labelled with its function (the pushbuston display is called a
‘menu’) ., Using a ‘cursor move' factlity, the operator moves an
indicator, called a cursor, around on the screen and solects
one of the displayed pushbuttons, Re then presses a sindle
physical pushbutton which activates the button which he is

currently selecting.
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The method of 'Menu and Cursor’® was chosen as the one most
suitable to C.R.T.C. since it has advsntages similar to those
mentioned for the physical pushbutton method in that an entire
instruction can be coded into one pushbutton, and oae single
entry can be made by the operator to represent a complex
command string. It alsoc has the distinct advantage that the
labels on the screen, and hence the function of each
pushbutton, can be dynamically changed during the course of
the data entry procedure. Only those pushbuttons whick are
relevant to the operator at any particular time need oe
displayed, This is particularly suitable to C,.R.T.C. in which,
at any stage, only a limited subset of the full range of
pushbuttons needs to be active; for example, at the final
stage of a trapmsaction the operator need only choose between
‘EXECUTE', and 'ABORT', and hence only these two functions

need to be displayed on the ‘menu'.

The menu faclility can also be used in conjunction with a set
of interlocking rules so that unsafe selections can be
excluded from the menu, This prevents the operator From making
an error and having to re-enter requests. The menu system
gives the operator u very fast and efficient data entry
intertace, significantly reducing the burden on him and hence
improving the speed at which he can handle trains. This

approach was used in C,.R.T.C. for these reasons.
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4.3 The Data Entry Interface in C,R,T.C.

As mentioned previcusly the operator uses the monochrome VDU
and the keyboard of the IB8M Persunal Computer as his data
entry and display interface., Part of the screen is dedicated
to the display of a list of pushbuttons (the menu) which is
dynamically changed during the data entry cycle depending on
the type of transaction the operator is attempting to set up.
The method of selecting a pushbutton and activating it can be
achieved using the keyboari of the IBM Personal Computer, Only
three of the keys are uses 'Cursor move up', 'Cursor move

down', and ‘'activate present selection'. This can also be

achieved using an e¢ven more simple device - a data tablet. In
this case the opatratsr uses a blank tabler and he moves the
screen indication cursor up and down the ‘menu' by moving a
physical cursor up and down the tablet. The physical cursor
nas a pushbutton mounted on it, which the operator uses as his
‘activate' pushbuttoa, Figure 4.1 illustrates the operator
input interface, showinj the two alternative devices {the

keyboard or the data tablet) and the VDU displaying the menu.

s
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MONQCHROME VDU

PRESENT
SELECTED PB

MOVE
(T =% ——
upP
HOVE !
—fe. SELECT H
DOWN

KEYBOARD ENTRY R DATA TABLET ENTRY

Figure 4.1: The Data Input Interface.




i e

—gdo

4.4 The Data Display Interfacy.

The operator is given display which provides aim with
iaformation regarding the train on which he is currently
working (i.e., the train with which he is in cadis
communication} . The display alsn promprs far any data inputs

that are required, reflects the inputs which he makes, and

prompts the operator with tie verbal message whick he my
send to the Jdriver during the verbal message transter portion
of the communication pratoesl. The data display interface is

implemented using the remainder of the monochrome display (the
rest of which is set aside for tne display of the mepu). This
section of the display, called the 'consovle', is divided into

a number of fields as shown in Fijure 4.2.




CONSOLE MENU

TRAIN NUMBER ~L——] 1 [ ErRRoR nesSAGEs |

LOCATION 1.E

0
s T ]
POSITION 1.8 | . [

LOOP GR

MAINLINE

CURRENT
MDYEHERT
AUTRORETY

YERBAL MESSAGE _{ |
PROHPT

|

Figure 4.2: The Data Display Interface.

On setting up a communication channel with a train, the
console indicates all the information pertaining to that
train. This information includes the train number, the present
location af the train (i.e. the station at which the train is
staged), the position of the train {(i.e. the loop which the
train is occupying), and any authority with which the train

has bien issued (i.e. proceed or shunt).




e

Further information concerning the train may » displayed in
the 'other status' Eield, and this may include a notification
that the train is entering a station, or that the train is

‘stopped' in a stition {see Chapter 5).

when the operator is required to select & pushbutton from the
menu, the relevant field of the console is highlijhted and a

'question mark' prompt appears. When a ktransaction reaches the

stage at which a verbal authority must ve transmitted to the
train driver, the full text of the verbal message is displayed
in the ‘verbal' field of the console fotr the operator to read
out over the radio. When this has baen done, the operator and
driver zontinue with the data transfer phase of the
transaction and 1f the transaction is rejected by the safesty
check equipment (1i.e. the safety equipment detects an
infringement of the interlocking rules, or does not receive
the cvorrect acknowledgement from the train) the operator is
notified by a message in the 'error' field of the console, and
a warning beep sounds. The aperator may either abort the

transaction, or attempt to retransmit to the driver,

The operatnr may use the console to display the status of any
train in the network without setting up a communications link
with the driver. This is termed a ‘train enquiry', but in this
mode the menu I8 set up such as to prevent the operator Erom

initiating any train transaction.
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4.5 The Overview Display Interface.

The cperator is given 4 graphic display of the entire section
under his control to aid in traffic movement decisions, and
this is implemented using the colour graphics ypU of the IBM

Parsnaal Computer.

The representation ot the network consists of a basic layout
of the C.R,T.C, area showing Station Names, the single line
connections between &stations, and the presence of loops within

stations as shows in :1jure 4.3.

4 N

1 1 1

STN A STN B STN C STN D

[ N N

STN E STN F STN 6 STN H

rigure 4.3: 7 e Overview Display Interface.

o
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Using the colour monitor as a display overview, C.R,T.C. can
control and display up to 32 stations, but 4. <> the physical
limitations of the screen size, only 8 statio. . be
displayed at a time. The oparator is given the facility to
'scroll' the vCU display up and down in order to view any
group of 8 from the 32 stations. Due to the limitation in
width of the vpU, the network is split up and displayed
vertically, as shown in Figure 4.3, and in the network
represented in the figure, Station D is connected «u Station

E.

Overlaid on the layout diajram of the colouyr monitor is a
colour coded represantation of all the existing train
positions and movement authorities, Figure 4.4 shows the
definitions of 'section colours’, ‘optic contents’, and 'optic
colours' which are used to represent the information required
by the operator.

DIRECTLON ARROW SITUATED ASOVE THE
SECTION INDICA™ 8 TRAIN MOVEMENT DIRECTION.

COLOUR OF "TRACKS" I8
TERMED "SECTION COLOUR."

68463  NUMERIC DISPLAYED WITHIN TRACKS 1S TERMED °OPT)C CONTENTS.®
COLGUR DF DIS)TS 1§ TERMED “OPTIC COLOUR.™

Figure 4.,4: Overview Displ.y Homenclature.

“
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The display represents the trains and movement authorities in

the following coded format:-

optic Contents:

Optic Colour Blue:

Optic Colour Brown:

Section Colour Red:

The Optic Contents is a numerical

figure displayed within a section and
indicates the trazin number of tne
train which is occupying the section,

ot has authority to enter the section.

If the Train number is displayed in
blue, then the train is a 'down’
train, and is only allowed to proceed

in the 'down' direction.

A Brown train number display signifies

that the train is an 'up’ train, and
may only proceed in the 'up'

direction,

A section which is displayed in red
signifies that the section is
occupied, The train which is occupying
the scction has its train number
displayed in the optic of that

section.




Section Colour Green:

Ssection Colour Yellow:

Section Colour Blue:

The operator interprets
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1f a section is illuminated with a
green colour, this signifies that the
section is not occupied, but that a
proceed train has been given authority
to entar the section (its train number
will be displayed in the opric for
that section) and hence the section is

‘lockead out'® to any other train.

A yellow section indicates that a
train {whose numbet appears ia the
optic) has been jiven authority to

enter the sectica for shunting.

The section is presently locked but
may be released if the train whose
number appears in the optic is
contacted, aand a ‘Cancel Proceed‘

transaction is xecuted.

the information represented to him on

the overview display in order to decide on all the

transactions required to promote the efficient traffic flow of

trains through the network. The graphic nature of the display

has been designed in such a way as ko yive the operator a

clear, easily interpreted representation of the status of the

network thereby helping

him guickly and efficiently to

formulate strategies for dealing with the train traffic.
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4.6 The Train Driver's Interface,

Train-borne equipment is not triplicated and is not fail-safe.
safety is achieved by othe: means, as described in Chapter 6.
In fact the train-borne equipment has peen kept as cheap and

simple as possible for two reasons -

1)In any C.R.T.C. network thare is only one set of
control room equipment, but many sets of train-borne

equipment and it is therefore essential to winimise

the cost of train-borne equipment.

2)Train-borne equipment must be portable so that it
can be quickly installed aboard trains entering a

C.R.T.C. network and removed as the trains leave.

C.R.T.C. has been designed to give the train driver a minimal
overhead in terms of 'pushing buttons® while still ensuring
that he gives his coansent to all transactions before they can
be completed, A single pushbutton mounted on the train-borne
equipment gives the driver the facility to do this, since no
transaction will be completed unless he pushes 'r.he button at
the correct time (the pushbutton is hence labelled 'ACCEPT',
illustrating to the driver that he must depress this button in

order ko accept a transaction).
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The driver is also given a targible representation of his

current movement authority, and this takes the form of an ‘
alphanumeric display which gives him a plain language

descrigtion of his authority., Fijure 4.5 shows the driver's

interface.

TRAIN No. LOZATION
[ 36487 LEROUX MAINLINE |

AUTHORITY
[ PROCEED LERQUX-SNYBERG |

(OnccerT.

Figure 4.5: The Train Driver's Interface.

As descrived previocusly, the driver is given a verbal
authority and, on pressiny his 'accept' pushbutton, he
receives visual confirmation of his authority on the display.
The authority can not be removed by the operator except by a
further transaction, which must ayain receive the consent of
the driver. This mechanism gerves to protect the driver but
also means that it is the driver's responsibility to ensure
that incorrect transactions are not undertaken. The driver,
for example, should refuse to accept a 'Cancel Proceed’'
authority if he has already entered the section into which he

was pruviously authorised,



4.7 C.R.T.C. Operation.

The C.R.T.C. operator nas 4 radin system witn which he can set up
a commupicatian link with 3 train, Jdaka entry and display units
(il.e. the Keyboard and monocnrome displayy and a networx overview

display (the Jalaur monitory, A reprasentation of a contral room

layout is Jdepize=d in Figure 4.4, and wquipaent oo board tog

train will be mounted as shown in Fijure §.7.

OPERATOR'S INTEAFACE

= -Q-E-‘:-g.
el
(7
[e]
ellie]

PROCESSOR HOUSING

Figure 4.6: A Reprasoentatior of a Control Room Layout,
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Vigs

DRIVER'S DISPLAY

2518 PAOCEL 7D SNYBERG...| )ﬂ E:?;n

® ACLEPT

Pigure 4.7: The Mounting of the Train-Borne Equipment.

How does this equipment all fit together to allow the operator
to manage C.R.T.C. traffic? Assume there are several trains in
the C.R.T.C. network, each one staged in one of the stations,
The trains and their locations are represented on the overview
display, and the operator decides to allow one of i~ *cains
Lo proceed from its presect station to another starion in the
network. The operator requires, then, to execute an 'Issuc
Proceed Authority'. His first action, in accordance with the
laid out protocel for a transaction, is to ectablish a

communication link with the relevant train. This causes the
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console to display all the details of the train including its
train number, its present station, and the loop where it is
staged. The 'menu' will give the oparator the option to
initiate a 'PROCEED' transaction, or a ‘SHUNT' transaction.
The operator, in this case, selects 'PROCEED' with his cursor
movemant keys, and octivates his selection. The console then
prompts for new information, by displaying (in the 'proceed’
field) “PROCEED TO -w----=w ~2?", whil® the new list of
pushbuttons on the menu will provide a list of permissible
destination stations (permissible stations for a proceed

authority are discussed in Chapter 6 under Interlocking),

After selecting a Station Wame (from the list of pushbuttons)
as the destination for the proceed authority, the verbal
transfer staje of the transaction has been reached. The
console displays, in the verbal field, the message "TRAIN NNN
YOU ARE AUTHORISED TO PROCEED TO STATION AAA" (NNN is the
train number and AAA the destination station name} and the
menu gives the 'EXECUTE' option. The operator teads the
message to the driver, and if they both agree, the operator
presses 'EXECUTE' while the driver presses 'ACCEPT' and the
message is transferred to the train. Once the procedure has
been completed, the proceed authority is displayed in the cuib
and constitutes the absolute authority for the driver to enter
the sections along his route, The new status of the train is
iliustrated on the overview Jisplav icates that the

train is now authorised to proceed t @ AAA.
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The operator may now either close the communication channel or
initiate a new transaction with the same train driver (the new
transaction is selected from a new menu, one which now

excludes the possibility to proceed or shunt). Full details of

all the possaible transactions are described in Chapter 5,

Chapters 3 and 4 of chis dissertation have described the
mechanisms by which a traffic controller can mapage trains in
a single line network. The e@ssantial structure of the system
18 that the controller uses microprocessor eguipment tc set up
‘Movement Authorities' which he then transmits bota verbally
and electronically to trains in the network. In the following
Chapter, Chapter 5, the details of movement authorities are
discussed, and a set of 'Interlocking Rules' are set out in
Chapter 6. The interlocking rules can be secen as the way in
which the existing status of trains in the network will affect
the permissible transactions which ~sn occur with other
trains, and the objective of the 1. .locking rules is to

enforce Absolute Working Regulations.
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Chapter 5: C.R.T.C. Transactions.

5.¢_Introdugtion.

A C.R,T,C. transaction, as Jescribed previously, consists of a
series of aactions whereby a C.R.T.C. traftic controller

transmits mes3ajes to trains in a C.R.T.C. network.

‘primary' transastions are transactions which require

communication with a train and wveoperation from the driver. A

C.R.T.C. primary transaztion results in the issuing of some

authority to a train driver, The followiny 15 a list of

primary transactions which are operational in C.R.7.C. and

which are described in detail later in this section:-

liInitialise Train into C.R.T.C.;

2)rratn Exit from C,R.T.C.;

3jtssuing of proceed Authority;

4)Train Clear of Station;

5)Train Clear of Penultimate Stw.: : eapd Entry into

Destination Station;

6)Train Complete in Cestination Scation;
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7)Extension of Proceed Authority;

g)Cancellation of Proceed Authority;

9)Issuing of a Shunt Authority;

1@)Train Ending Shunt;

1l)Change of Train Number.
C.R.T.C. also includes a secondary level of transaction which
takes place without a communication channel being set up with
a train, These transactions allow the operator to set up
various functions which do not reguire any interaction with

the t-ain drivers.

5.1 Secondary Transactions,

‘rrain Enquiry' is one of the 'secondary' transactions
available to the srator. This is used purely as an operator
aid, and it allows the operator to display information
pertaining to a t:ai% without communicating with the train.
when no communications chanael is open the operator is yiven a
list of train numbers on the menu, and each train in the
system is listed. Selection of one of these initiates a 'Train
Enquiry' transaction for that particular train, The ’Train
Enquiry' transaction does not nave any effect on the overview

display, neither are any messages transmitted to any trains

(in fact the operator can only initiate a train enquiry when



no channel is open). Details of the train selected by the

operator are displayed on the console.

A further option given to the op2rator in the form of a
segcondary transaction is that of 'Set Blocking Cross', Here,
the operator can use & blocking cross as a physical reminder
that a section is temporavily closed:- the blocking cross may
be used, for example, when a section is down for repair. When
the operator has set a vlocking cross in a particular section,
th= C.R.T.C. interlocking prevents the issuing of any
authority for a _rain to enter the section. The operator may
set a blocking cross it any section, or in any station leop.
Once again, this option is only permitted when no channel is
open. In order to set a blocking cross, the operator activates
a pushbutton labelled “5ET BLOCKING CROSS". He then selects
the station, and the pesition {e.g. main line, down end block
etr.) for the blocking cress and, on execution of the
transaction, the blockiny c¢ross is indicated on the display as
shown in Figure S,1. Rach Blocking cross which is set is given
a number so that the operatnr can identify ik, and this number
(XXX8 - XXX9) is displayed In the optic of the section to .
which it refers. Figure 5.1 shows that there is a blocking
cross at Station I on the Main Line, and one on the Down End

section.

><2

STN A STN B

Figure 5.1: Blocking Crosses in Stn. B.
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i The third type of sec ndary transaction which the operator may
\ ; initiate when no communication channal is open, is that of H

‘Clear Blocking Cross'., The operatot uses this transaction to
remove a blocking cross when a section has re-opened. It is
primarily the operator's responsibility to ensure that a
section is workable before he removes the blocking cross. He
initiates the removal by selecting the menu option labelled

"CLEAR BLOCK CROSS", The oterator then jdentifies the blocking

cross which he wishes to remove by selecting the pushbutton
which is labelled with the blocking cross number and, on
execution of this transac..on, the portion of the overview

display which indicated the blocking cross is cleared (back to

white), and the interlocking Eor the section is released,

5.2 Primary Transactions,.

1) Initjalisation of a Train into C.R.T.C.

Bach traln that enters the C,R.T.C. system must first undergo
an initialisation procedure, when a traie requires entry into
C.R.T.C. the operator first establishes a cemmunication link
with the train. This will be the first time that the operator
has communicated with that particusar train, and when the
operator selects a ‘radio number' for the train (which is an
identification number for the train-borne radi») the
processing equipment (in the control room) recognises the

train as a new one by virtue of the new radioc number.
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The train must firsc be 'Initialised', and the operator is

prompted to enter the information for a 'Train

Initialisation'. This information includes a troin number (6
digits or less), tbe nsme Of the station ot which the train
will enter, and the loop in the station which the train will

ocecupy.

Train Initialisation occurs for a train entering C.R.. .
either from a private siding witnin the network, or Erom
another network outside C.R,T.C. control. Qu execution of the
transaction the train driver receives the message "TRAIN NNN
YOU ARE AUTHORISED TO ENTER C.R.T.C. AT (STATION),
(POSITION) ™. Figures 5.2 and 5.3 illustrate train
initialisation for the case of a train entering C.R.T.C. from
another control area (Figure 5,2), and from & private siding

intoe Station C (Figure 5.3),

DTHER CONTROL AREA €RTC CONTROL AREA
!
L0OP ¢
g 9
=k HAIN LINE
U STATION A

“TRAIN 666 YOU ARE AUTHORISED TQ ENTER €.R.T.C. AT STATION A, MAIN (INE."

Figure 5.2: Train Initialisation (1).

«& E S Y
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OUTSIDE CONTAOL /_. i EE $1DING

[ES—

C.R.T.C. CONTROL AREA

STATION C

"TRAIN 646 YOU ARE AUTHORISED TO ENTER C.R.T.C. AT STATION C. LOOP

Figure 5.3: Train Initialisation (2).

aumber designates a ‘down' train.

2468

STN A

Figure 5.4: Train 2468 Initialised at Stn., A.

A newly initialised train will be displayed on the overview
display {see Figure 5.4) where the section %o be occcupied by
the train will be displayed in red to show that the section is
occupied. The optiv for that section will display the train

number, and the optic colour wiil be displayed in blue for a
'down' train and in brown for an 'up' train, The direction of
a train is determined by the train number which was entered by
the operator duriny the 'train initialisation' transaction,

even train number designates an 'up' train, and an odd train
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The ‘=zrain initialisation' transaction occurs only for 'new'
trains entering the control area. Once a train has completad

this transaction, the C.R.T.C, system recognises the train

each time the operator sets up communications with that train
throughout the train's sojourn in the network and the
operator's interface will now allow a 'proceed’ or 'shuat

transaction to take place.

2) Exit from C.R.T.C.

The 'Bxit from C.R.T.C.' transaction allows the operator to
enter the information that a train has left the C.R.T.C. area
i.e. tne train has entered another contrc or a private
siding. The driver of the train must, as . acknowledge
the transaction, since at the conclision of this transaction
the driver will have no authority to be in the area. After an
'exit' transaction, the overview display for the section
previously occupied by the train is cleared, and the colour

returns to white.

3) Issuing of a Proceed Authority.

Once a train has been initialised, the operator may allow the
driver to proceed from his preseant lucation to a destination
station within the network., Referring to Figure 5.5, Train 666
has been initialised into C.R.T.C. aad is staged at Station A

on the main line.

M A
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Figure $.5: Train 666 Stajed at Stn. A, Main Line.

The operator iaitiates a 'proceed’ cransaction for the train

with which ne is in commun tion, in this case Train 666, by
activating the “PROCEED" pushbutton on the menu, The console
then prompts the oreratur to enkter the destination staticn
name by displaying "PROCEED TO---=w ?" and the operator must
select the station name from the list provided by the menu.
Once the operator has selected and activated a destination
station name {assume he sale=ts Jtation 0 in this example} the
verbal part of tne transaction has be=n reached, The console
then displays the message "TRAIN 666 YOU ARE AUTHORISED TO
PROCEED TO STATION DY, and the operator reads this out to the
driver. On the execution of this transaction the authority to
proceed is transmitted to the train and the message appears on

the driver’s display.

The Proceed Authority gives the driver in the aSove example
authority to leave Station A, to enker the section A-B, to
travel straight through Stations B and € and to a proach
Station D, The driver is nok yet authorised to enter Station

D.
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After the successful issuiny of a proceed authority the

overview display highlights those sections which have been i

allocated to that particular train, thus preventing any other
trains frow entering those sections, i.e. sections A-B, B-C,
and C-D have been aliocated solely to Train 666 hence no other
train will be allowed to enter a7y of these sections, Figqure
Ji 5.6 illustrates the section of the overview display which
indicates tne fact tnat Tra n 666 is proceeding from A to D.
The Main Line at A and the section A-B are displayed in red to
show that the train may be occupying either of these sections,

B main line, the section B-C, C main line and the section C-D

have been allocated te Train 666, the train has not yet

are displayed in green, signifying that although the sections
occupied any of tnem.

B D

i Lol Ll Lol 1
) a c

Figure 5.6: Train 666 Authorised to Proceed to Stn. D.

4) Train Clear of Station,

A driver who has been yiven a proceed authority must always
report back to the controllexr when his entire train is cleaw
of a Station along his route, that is when his train Jeaves

the starting station, and when it passes through any station
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along the route. The 'clear' transaction serves to 'clear' the
sections behind a proceeding train as it leaves the sections
s0 that they can pe released to other traffic., The transaction
also enables C.R.T.C. to keep 2 record of the position of a
moving train. In the example c¢ited sbove, Train 666 has
authority to proceed from A to D, The driver would report back
to the control room as soon as bis train leaves Station A, The
controller then initiates a 'clear' transaction by activating
the pushbutton 'CLEAR' at the data entry interface.
Immediately, the verbal phase is reached and the message
"TRAIN 666 YOU ARE ACKNOWLEDGED CLEAR OF STATION A" is
displayed in the verbal field of the console. On execution of
this transaction the message is transmitted to the driver, The
overview display is updated to reflect the new situation (sese
Figure 5.7). Any one of the sections A-B, B main line, and

B-C may be occupied by the train from this point, since the
driver s not reguired to report his position again until
clearing Station B. Sections C m2in line and C-D remain green
to indicate that these sections are open to Train 666 and

locked to other trains.

Il m sl L
666 666 666 666 666

A B c D

Figure 5,7: Train 666 Clear of stn. A,
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Upon clearing Station B the driver reports back to the
controller and another ’'clear' transaction is executed. The
overview display is updated, and now sections A-B and B main
line are cleared (the section colours return to white). As
shown in Figure 5,8 the sections B-C, C main line and C-D
indicate that the Train 666 is now in occupation (hence tney

are illuminated red).

rrrill IO Bevrlll B B
666 666666

A B C D

Figure 5.8: Train 666 Clear of Stn. B.

5) Train Clear of penultimate Station.

In the example cf the proceeding train (666) described above,
the destination station is Station D; however the driver is
not yet autnorised to eater the station. This authorisation
may be included io the 'clear' transaction when the driver
reports clear of his penultimate station (in this case Station
€). The operator again activates the "CLEAR" pushbutton, but
since the penultimate station has been cleared, the console
prompts the controller to select an 'Entry Authority'. The
operator may selact one of the loops within the station ("MAIN
LINE", or “"LOOP 1") or he may opt to prevent the train from
entering the station by activating a pushbutton labelled "NO

ENTRY". The activation of one of the entry authority
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pushbuttons indica . the start of the verbal phase, and the
message transmitted . wrwe dri wr is "TRAIN 666 YOU ARE

ACKNOWLEDGED CLEAR OF S§T~TION C. ENTER STATION D AT MAIN LINE
{or LOOP 1}", or "TRAIN 666 YOU ARE ACKNOWLEDGED CLEAR OF
STATION C. DO NOT ENTER STATION 0". If the driver is given
authority to enter the station then the overview display
veflects this as shown in Fijure 5.9. In chis figure loop 1
has been selected by the oparator. The sections C-D and D luop
1 are displayed in red to show that the train may be in either

cene of the sections.

[ I N I I

A B c D
Figure 5,9: Train 666 Entering Stn. D.

If the cperater had decided to prevent Train 666 from entering
the station (he may have been forced to do this - see
interlocking rules) then this would have been represented on
the overview disélay by a break in the section C-D immediately
outside Staticn D as shown in Figure 5.1¢ and in this case
only the section C-D would be shown as being occupied, the

statlon still being clear.
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N S N N AV N

Figure 5.14: Train 666 Unauti .rised to Enter Stn. D.

When the operator is ready to allow the train to enter the
station (or when the interlocking is released to allow this)
he executes an 'entry' transaction by selecting the entry
loop. The new authority is then transmitted to the driver in

the normal way.

6) Train Complete In Station.

A driver who has been given authority to enter a station must
call back to the operator when his train is complete in the
station i.e, the train is completely clear of the main line
section, and a 'train complete' transaction must be initiated.
The cperator activates a pushbutton labelled "COMPLETE" and
the verbal phase is entered. In the example of Train 666 the
messagye displayed in the verbal field of the console reads
“TRAIN 666 YOU ARE ACKNOWLEUGED COMPLETE IN STATION D, LOOP
1", This message is transmitted to the driver and the display
reverts to the simple train occupation as shown in Figure

5.11.
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T 1

A B C 5]

Figure 5.11: Train 666 Complete in Stn, D.
7) Extend Authority.

O.e a train has been ygiven a proceed authority (for example
"PROCEED FROM A TO C") the controller may decide to extend the
authority so that the driver nsed not be delayed at C by the
statio; entry procedures described above. For example, given
the situation in which a driver is authorised to proceed to
Station C the driver may have his authority 'extended' so that
he can travel straight through Station C to Station D. The
'extend authority' transaction allows the operator to
establish this. Haviny set up communication with the
appropriate driver the controller activates a pushbutton
labelled "EXTEND AUTHORITY" and subsequently selects a new
destination station, in this case Station D. The message sent
to the driver is "YOU ARE AUTHORISED TO PROCEED TO STATION D"
and the overview display is updated to show the new sections

which have been assiygned to the train.
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8) Cancellation of . Proceed Authority.

For the efficient workiny of a C.R.7.C. section it may be
necessary to cancel a proceed authority - an example of this
is shown in Figure 5.12 where Train 666 has the authority
"PROCEED FROM A TO C" whilst Train 777 is staged at D (see
Figure 5.12). The operator may decide to allow Train 777 to
proceed to B and eftect the train crossing at that station,
rather than forcing 777 to remain at D or allowing 777 to
travel only as Far as C. It is then necessary that the

current proceed authority f£or Train 666 be cancelled, and a
new authovity issued:- "PROCEED .0 B". The C.R.T.C. equipment
cannot be sure of tne present location of the Train 666 - the
train may have already entered the section A-B. For this
reason, C.R.T.C. requires that two transactions be executed
for a proceed cancellation:- firstly an instruction to the
driver to stop iun a station and secondly a cancellation of the
proceed authority, The act of cancelling a proceed authority
is potentially very dangerous, hence C,R.T.C. demands that two
separate transactions be followed, The instruction to the
driver to stop in a station serves to ensure that he i§
absolutely sure of his location (since in a station he can
read the station name from the boatd at the platform), This is
necessary to make sure that the driver has not already entered
a section for which the operator requires to withdraw the

authority,
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Figure 5.12: Trains 666 and 777.

In the example illustrated above, the operator must contact
the driver of Train 666 and, if the train has not yet left
Station &, verbally instruct the driver to remain at the
station. If the train has already eatered the section, the
operator iastructs the driver to stop &t the next station.
Once the driver is staticnary in the station as instructed, a
'train stopped' transaction is executed. The operator
activates the pushbutton labelled “TRAIN STOPPED" and enters
the station and loop at which the train is stopped. On
execution of this transaction the driver receives a message
such as "TRAIN 666 YOU ARE ACKNOWLEDGED STOPPED AT STATION A,
MAIN LINE". The overview display shows that the train is
occupying the main line at Station A ({see Figure 5.13) but the
sections which were previously allorated to the train are nat
cleared, and these sections are displayed in blue. The colour
blue in these sections indicates that the sections have not
yet been released, but that they may now be released by a
‘cancel proceed' transaction, The operator may now initiate a
*cancel proceed’ transaction by activating a pushbutton

labelled !CANCEL PROCEED".
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The driver receives the message "TRAIN 666 CANCELLED PROCEED

AUTHORITY" (which he may accept or reject in the normal way)

and the sections are released, the overview display of the
sections reverting to white, The operator may how re-issue
proceed authorities to the two trains in order to cross-over

the trains at Station B.

_Lééé_Léés_Lééé_Léééu*_[;j__
al

A B c

Figure 5,13: Train 666 'Stopped' at Stn, A,

A 'train stop' and 'cancel proceed' transaction pair may occur
at any stage of a train's movement between its source and

destination stations.

9) Authority to Shunt.

A shunting train moves backwards and forwards within a
station, and has the potential to occupy tpe main line and all
free loops, and to move out of the station onto the section.
C.R.T.C. allows a shunting authority to be given to a train
driver at a station, and gives access either to the 'up-side
section' or the 'down-side section', or both. The operator
enters "SHUNT" and then selects one alternative from
"UP-SIDE", "DOWN-SIDE" or “BOTH SIDES", The movement authority
reads: “TRAIN NNN YOU ARE AUTHORISED TO SHUNT AT (STATION),

(§IDE/S)".



On the overview display, shunting is indicated by the tracks
being coloured yellow (see Figuare 5.14). All the sections
which may be occupied by the train are coloured yellow, The
Figure shows a station at which Train 246 is shunting on the
‘up-side'., A second train, Train 444 is occupying one of the
loops, so tie loop is displayed in red. The entire Section B-C
is coloured yellow, indicating that this section is locked

against the issuiny of any authorities to otder trains.

8 [4
246
440

Figure 5.14: Train 246 Snunting.

18) End Shunt.

when She driver of a shunting train has completed a shunting
manceuvre, he reports back to the controller who selects the
pushbutton labelled "END SHUNT". The controller selects the
pushbutton which represents the section which the train is now
occupying {the train may have moved, for example, from the
main line out into the section and back into a loop). The
message sent to the train is: “TRAIN NNN I\CKNO'WLEDGED END OF
SHUNT AT STATION B, LOOP 1", The yellow indications on the
display are cleared and the display reverts to showing the
usual 'track-occupied' indication for the section which the

train now occupies.
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11) Change Train Nunher,

On train initialisation, the operator enters a train number
Eor the new train and this number is used by the train dciver
and the operator to identify the train during its movement
through C.R.T.C. If, for any reason, the operator requires to
change this train number i(for exanple he may want to change
the direction of the train) he mus: follow the 'change train
number' transaction., The operator selects the "CHANGE TRAIN
NUMBER" pushbutton and khen enters tha new troin number, digit
by digit. The message "NEW TRAIN NUMBEK NNN" is sent to the
train driver, and all the optics on the overview display which
concern the relevant train are updated to the new number, in
the colour brown for an even-numbered up-train, and in blue

for an odd-numbered down-train.

5.3 The 'ABORT' Function.

At any stage during a transaction which has not yet been

executed, the operator is given the opportunity to select a
pushbutton labelled "ABORT" . This effectively cancels the
last selection made by theloperator. Far example, if he
selects "PROCEED" for a newly-initialised trein, this will
cause a list of possible destination stations to be displayed
on the menu together with an “ABORT" pushbutton. On pressing
"ABORT", the menu will return to the previous state and allow

him instead to re~-inltialise the transaction as, for example,
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a ‘'‘shunt' transaction. The "ABORT" function can not, however,
be used to cancel an authority which has already been
executed, For example, in order tc stop a train once a proceed
authority has been sent, the operator must institute a full

'cancel proceed' traasaction.

5.4 Language,

C.R.T.C. is designed for dual-medium operation and can be
implemented so that all messages, console prompts, and
pushbutton labels appear in Enylish and in Afrikaans. The
system can also be modified for any other two languages. At
any time the operator may change the current language medium
by selecting “ENG/AFR" on the menu. All prompts on the display
screen and all messages sent and re..:ived are formatted in the

currently- set language.

5.5 Conclusion.

The set of transactions which have been decribed in this
chapter provide an operatiny system using which the operator
can manayge trains, allowing drivers both to proceed and to
shunt and providing a number of subsidiary transactions [for
efficient traffic management, The transactions are restricted
by a set of interlocking rules as described in the next
chapter which enforce the adherence to Absolute Working

regulations.
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Chapter 6: C.R.T.C, Iaterlocking.

6.8 Introduction.

"Interlocking" is a procedure by which the circumstances of a
system may cause certain activities to be excluded. Activities
which might normally be allowable are disallowed due to the

presence of some circumstance or citcumstances.

In C.R,P.C. there are two levels of nterlocking. The first
level is concerned with the 'sensible' working of trains. For
example, if a train has no proceed authority it is nonsense to
attempt a 'cancel proceed' transaction. The option of proceed
cancellation is therefore "interlocked" in such a way that the
transaction cannot be initiated for a train with no proceeqd
authority. The second level of interlocking is concerned with
safety. For exauple, the presence, or possible presence of a
train in a section, whether stationery, proceeding or
shunting, excludes the possibility of allowing a second train
into the section. Existing circumstances, e existing
authorities, effectively therefore lock out the possibility of

initialising certain new transactions.

Both levels of interlocking are implemented in the operator's
interface, both nensensical and unsafe selections being
excluded from the menu. AS mentioned previously, a program

running in specially designed fail-safe equipment
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double-checks the safety interlocking by supervising the final
stage of a transaction - the data transmission, In C.R.T.C.,
therefore, there are two levels at which the safety
interlocking rules are enforced. The safety equipment keeps a
record of all the trains in a network and checks that any new
trangaction genarated at the operator's interface will net
cause an infringement of the safety interlocking rules,
Secondly, the operator's interface is designed so that it is
impossible for the operator to enter an unsafe reyuest, and
therefore the safety equipment will only ever reject a
transaction if there has been a failure in the operator's

interface.

aAbsolute Working regulations provide the basis for a set of
interlocking rules which cover the safety of a network, and
these rules (aleong with the 'sensible', or ‘'functional' rules)
are outlined in detail in the following Chapter. The rules
which are specifically safety-related are marked with the

symbol *¥,

6.1 General Rules.

1) The operator can not initiate any primary transaction
unless a communication link has beon established.

2)** The operator can only execute & primary transaction with

the train with which he is in communication.

e

-
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3j** No transaction is accepted by the C.R.T.C., system as
being valid without the proper, timeous acknowledgement of the
transacktion by the driver (see Communication Protocol, Chapter

3.

4)** The train driver must not consider an authority as being
valid if the message displayed in the cab is corrupted, or
doas not correspond with the verbal authority received from

the operator.

6.2 Secondary Transactions: Train Enquiry, Setting and

Clearing of Blocking Crosses.

1) The operator can only initiate a secondary transaction when

there is no established communication channel.

2)}** The interlocking rules treat & section marked with a
blocking cross in exactly the same way as if the section is
occupied by a train. Setting a blocking cruss is therefore
constrained by the same rules as those governing the
initialisation of a train into a sectlon (see section 6.3).

3) The operator can only 'clear’ existing blocking crosses.

6.3 'Train Initialisakion' Transaction, .

1) The operator can only initialise 'new' trains - that is
trains which are about to enter C.R.T.C. and have not yet been

initialised.
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2) In specifying a train number for a new train the operator

can not enter more than 6 digits.

3)** If a train is occupying a section {or a blocking cross
has been set in the section) the operator can not initialise a

new train into that section (see Figure §.1).

STN R
PR— HAIN_LINE
=
STATIONARY TRRIN OR INITIALISATION OF A NEY
“BLOCKING CRDSS" TRAIN TO STN A. MAIN LINE

18 JLLEGAL.

Figure 6.1: Initialisation Rule 3.

4)** rThe operator can not initialise a train into a station or
into any of the loops if a second train has a proceed
authority entitling it to pass through the station (see Figure

6.2) .

STN A STN B STN C

vors A I

IRITIALISATION OF A NEV
TRAIN TO STN B 1S (LLEGAL.

Figure 6.2: Initialisation Rule 4.
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} 5)** If a train is shunting at a station, all the unoccupied
loops at the station are locked for shunting and a new train

< can not be initialised inte the station (see Figure 6.3).

2619 SHUNTING AT A

Cooro]
e 26,1 8 26186

INITIALIGATION INTD
STN A 1S ILLEBAL.

Figure 6.3: Initialisation Rule ¢,
6)** If a train is 'entering' a staetion, ali =ne unoccupied

loops at the station are lockad and a new train capn not be

initialised in to the station (see Figure 6.%

IniTIALISATION IF ® NEW TRAIN

——
INTG STN A 18 T.LE3AL
—2618 2618,

ENTER "R AT
HAIN LINE

Figure 6.4: Initialisation Fal- 6,
6.4 'Bxit from C.R,T.C.' Transaction.

1) Only a2 train which has been initialised into C.R.T.C. can

be exited from C,R.T.C.
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2)** 1t is not allowed for the operator to exit a train which

has a proceed authority.

3)%* It is not allowed for the operator to exit a train which

has a shunt authority.

6.5 'Issuing of a Proceed Authority' Transaction,

The followiny example is used to illustrate the terminology

used in the rules for proceeding trains:

% A network consists of 5 stations in the order A, B, C, D, E. A
train, number 999, has been initialised at A and has been
given authority to proceed to B. Initially, A is the 'ORIGIN
station fer the train 999; B, C, and D are 'THROUGH' stations
and E is the 'DESTINATION' station for the train. When the
train clears station A, and a 'clear' transaction has been
executed, there are no changes in the station designations (A
remains the 'ORIGIN', B, C, and D the 'THROUGH' stations and E
the 'DESTINATION')., On clearing station B, however, the
proceed authority changes and B becomes the 'ORIGIN' station
of the authority, C and D remain as ‘THROUGH' station;, and B
remains as the 'DESTINATION'. Station A is no longer part of

- the authority at all, Similarly, as the train proceeds through
the network and clears the stations alonyg the route (the
stations C and D respectively ) change from being 'THROUGH' to

'ORIGIN' and are then removed from the autheority. On
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approaching the 'DESTINATION’ station, E, tnen the driver may
be given authority to enter the staktion, 1n which case station

E is called the 'ENTRY' station for the train.

1)** A train must be initialised before it can be ygiven a

proceed authruity.

2)The operator can not issue 3 proceed authority to a train
which is already in possession of a move nt authority

(proceeding or shunting).

3)a proceed authority can span one or more inter-station

sections.

4) & train can be given a proceed authority only in the 'up'
direction if the train number is even and only in the ‘down’

direction if the train number is odd (see Figure 6.5).

upP DOWN
] l i 333 ‘ l 666 ] I ]
R e — —— et
ALLOVWABLE PROCEED DIRECTION ALLOWRBLE PROCEED DIRECTION
FOR 333 FOR 666

Figure 6.5: Proceed Rule 4.
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§)** A proceed authority can not include a THROUGH station

which nas any occupied loops (see Figure 6.6).
A B C

el [ [

MAXIMUH ALLDWABLE PROCEED
SPAN FOR 332

Figure 6.6: Proceed Rule 5.

6)** A proceed authority can not include a 'THROUGH' station
which is the 'DESTINATION' station for a train travelling in

the opposite direction (see Figure 6.7).

A B c b

S90S N VPSR P

°PROCEED FROM D TO C.*

MAXIMUM ALLOWASLE
PROCEED SPAN FOR 666

Figure 6.7: Proceed Rule 6.
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5)** A proceed authority zan not include a THROUGH station

which has any occupied loops (see Figure 6.6).
A B c

I O

MAXIMUM ALLOWABLE PROCEED
SPAN FOR 332

Figure 6.6: Proceed Rule 5.
6)** A proceed authority can not include a 'THROUGH' station
which is the 'DESTINATION’ station for a train travelling in

the opposite direction (see Figure 6.7).

A B c D

-—l—666 J [ ’ ] l TTT.J-!I I—J———

- “PROCEED FRO® D TO C.*

MAXTMUM ALLOVABLE
PROCEED SPAN FOR 646

Piqure 6.7: Proceed Rule §.
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7)** A proceed authority can not include a 'THROUGH' station

which is also the 'ORIGIN' station for a train travelling in 4

the same direction {see Figure 6.8)}.

S 9P T Y N o

“PROCEED FROM C TO D."

MAXIHUH ALLONABLE
PROCEED SPAN FOR 666

Figure 6.8: proceed Rule 7.

8}** A train which is stationary in a station can not be given
a proceed authority {f a second train is shuoting at the same

station (see Figure 6.9).

E222] I NO PROCEED AUTHOAITY FOR 222 ALLOWED

11

SHUNTING

Figure 6.9t Proceed Rule 8,

9)** A train which 1s stationary in a station can not be given
a proceed authority if another train is entering the same

station (see Figure 6.18).
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7)** A proceed authority can not include a ‘THROUGH' station
which is also the 'ORIGIN' statisn for a train travelling in

the same direction (see Figure 5.8).

A B ¢ D
—
-_J:sse. l 1 222
- “PROCEED FROW L 7D T.™

HAXTHUM ALLOWABLE
PROCEED SPAN FOR 664

Figure 6.8: Proceed Rule 7,

8)** A train which is stationary in a station can not be given
a proceed authori., if a second train is shunting at the same

station (see Figure 6.9).

222 NO PROCEED AUTHDRITY FOR 222 ALLOWED

Lo

—

SHUNTING

Figure 6.9: Proceed Rule 8,

9}** A train which is stationary in a station can not be given
a proceed authority if anothexr train is entering the same

station (see Figure 6.18).
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STN A
14 ———
[37311 11—
e *ENTER STN A, LOOR 1.~

NG PROCEED AUTHORITY
ALLOWED

Figure 6.1@: Proceed Rule 9.
16)** A station can not constitute the 'DESTINATION' for a

proceed authority if the staticn has no unoccupied loops (sea

Figure 6.11).

Lo ] ol

———

HAXIHMUM ALLOWABLE
PROCEED SFAN FOR 466

Figure 6.11: Proceed Rule 1d.

11} %* A train can not be given a proceed authority in the 'up'
direction to a destination at which a second train is shunting
on the 'down' side (see Figure 6.,12) or a proceed authority in
the 'down' direction to a destination at which a second train

is shunting on the ‘up' side (see Figure 6.13).
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A B c

o I R e I

DOWN SIDE."

—————— "SHUNT AT C.

MAXIMUM ALLOVABLE
PROCEED SPAN 7OR 664

Figure 6.12: Proceed Rule L.

A B c
" ] -
__{:266 I 268 1
“SHUNT AT A. UP SIDE.* TS

HAXIMUM ALLOWABLE
PROCEEQ SPAN FOR 11(

Figure 6.13: proceed Rule 11.

6.6 'Train Clear of Station' Transactfon.

This transaction is only allowed for a train which has been
given a proceed authority and has not yet cleared the
penultimate station. There ave no other interlocking rules

governing the 'clear' transaction.
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6.7 'Entry into Destination Station' Transaction.

1) The 'entry' transackion can only be initiated with a train
in conjunction with a 'train clear' transaction for the
penultimate station, ot Ear a train which has praeviously

received a “no entry” instruction,

2)%* A train wan not be yiven entry to a station if a second

train is entaring the station (see Filgure 6.14).

|>?777-I e
2686 2777

HO ENTAY “ENTER STN A
ALLOVED LoOP 1.*

Fijure 6.14: Entry Rule 2.

3)** A train can not be given entry to a station if a second

train is shunting at the station (see Figure 6.15).
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(27771
2686 2777 2777

ND ENTRY 2777 SHUNTIRG
ALLOWED

Figure 6,1%: Eatry Rule 3,

4)** A train can oot be jiven entry to an ocoupied luop (see

Figure 6.16).

(27771
2686

NO ENTRY
INTO LOODP ¥

Figure 6.16: Entry Rule 4.

6.8 'Train Complete' Transaction.

This transaction is only allowed for a train which has been
given authority to enter a station, There are no other

interlocking rules governing this transaction.
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6.9 *Extension of Proceed Authority' TPransaction.

The operator can only extend the procesd authority for a train
which already has a proceed authority and has not yet clearad
its penultimate station. The selection of a new destination is
constrained Ly the same rules as those pertaining to tne
issuing of a proceed authority, except that the operatur can
not use this transaction to reduce the span of an existing
authority. No other interlockinj rules govern this

transaction.

6.18 'Trajn Stop' Transaction (preliminary to 'Cancel Pruceed’

transactian) .,

The aperator can only 'stop' a train which has a proceed
authority and which has not yet cleared its penultimate
station. The operator must 'entor' the station name and the

loop at which the train has stopped.

1)** The train can only be stopped at the station which it

would normally have cleared at the next transaction,

2)** If the traln has not yet loft its starting point the
operator can only specify the lvop at which the train is

staged,

3)** 1f the train has left its startiny station and is stopped
en-route, the operator can only specify an unoccupied loop as

the stopping place.
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6.1} 'Cancel Procewd' Transaction,.

** A proceed authority can only be cancelled for a train which
has under jone a ’'stop‘ transaction. There are no other rules

governing this traansastion,

6.12 ‘Issuing of a shunt Authority'® Traasactivne,

1) A train qust be initialiszed before it can be jgiven

authority to shunt,

2) The uperitor can not issue a shunk authority to a train

which is witeady in possession of a movement authority

{proceadinj or shunting).

3)** A train can oot shunt at a staticn if a second train is

entering the station (see Figure 6,17).

5TN AL

i 444
-——444—[489]
409 HAY NOT
SHUNT AT A

Figure 6.17: Shuat Rele 3.

4)** A train can not shunt at a station where a second train

is shunting,

X
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5)** No two trains can shunt from different stations inkto the

same section {see Figure 6.18).

[Il\]———lﬂ 222

TRAIN 111 SHUNT AT @, 222 MaY NOT
UP SIDE SHUNT ON THE
DOWN SLOE

Figure 6.18: Shunt Rule 5.

6)** A train can not shunt into & section which has been

dedicated to a proceeding train (see Figure 6.19).

- —— I_Mq]

444 maY NOT
SHUNT ON THE
DOWN SIDE

P — N ——
|:666 333 333 ] 333 333]

668 HAY NOT
SHUNT ON THE
uP SIDE

Figure 6,1%: shunt Rule 6.
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6.13 'End of shunt' Transaction.

1} The operator can only initiate an 'end shunc' transaction

for a srain wnich has been given a shunt authority.
2)** The final position af the train (i.2. in the amaio line,

or in one of the loops) can not be ore which is alr:ady

occzupied by another train (see Figure 6.29).

333 _. w00P

—111 —F? I }—
111 Jroop 2
111 SHUNTING AT STATION A/

’ MAY NOT END SHUNT INTO LOOP §.

Figutre 6.20: End Of shunt Rule 2.

6.14 'Change Train Number' Transachion.

1) A train must be initialised, but not shunting or proceeding

before & 'change trai» number' transaction can be initiated.

g 2) In selecting a new train number, the operator can not enter

more than 6 digits,

.
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6.15 The Implementaticn of Interlocking Rules.

The rules described in this chapter serve to ensure that the
operation of C.R.T.C. f£nllows a specified fourmat, at the same
time as preventing the occurrence of situations which could
result in train collisions. The operator is given an aid in
followiny these rules in that, at each stage of a transaction,
enly those pushbuttons which are valid appear on the menu, In
this way the operator is both physivally prevented from
entering an illegal transaction and relieved of the task of

searching through a aumber of pushbuttons to find a vaiid one,

A1l the operatiag functions are regulated by restricting
pushbutton choice, both those which are designed to force
consistent operation ("functional rules") and those designed
to implemerc absolute working ("safety rules"). For example,
when a train has been initialised and has no movement
authority, the operator is given a "PROCEED", a "SHUNT", a
"CHANGE TRAIN NUMBER" and an "EXIT? C.R.T.C." pushbuttoa. He is
nok given the options to “END SHUNT", "TRAIN STOP", "EXTEND
PROCEED", or "CLEAR STATION". This ensures the effective
implementation of functional rules. If the operator initiates
an 'issue proceed' transaction by activating the pushbutton
labelled "PROZEED" then he is given a new menu with a list of
station names. Only those stations which are permissible
{under the interlocking rules) are given to the operator as
options for the destination station. This is therefore an

implementation of "safety" regulations.

E .
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The method of pushbutton exclusion to implement C.R.T.C.
operating regulations is used merely as an operator aid. This d

cannot be considered an acceptable level of safety since the
operator's interface is not fail-safe. The safety-related
regulations are further supervised by the fail-safe hardware
which checks all messages to (and acknowledgements from)
trains. This equipment is only concerned with safety:- the
limited scoge of tne equipment allows the software to be
minimal and critical safety software is therefore isolated o

witnin fail-safe hardware physically removed from the

operational software running in the operator's interface. The

critical software can be validated with extensive
error~checking procedures and the validation effort can be

confined only to those functions which are safety critical,

6.16 Conclusion.

The interlocking rules defined in this chapter clearly set out
the restrictions which are imposed on the operator as a rasult
of the existing circumstances of train positions, current
movement authorities and blocking crosses. It is essential
that these rules be reliably enforced by the equipment, and
various methods used to ensure this are described in the
following chapter in which a full discussion of system safety

is given.
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Chapter 7:

- Concept of Safvty.

7.8 General Safety Principles

C.R.T.C. is a railway contro. system and hence must, as &
system prevent the occutrénce of dangwrous situations witn &

large degree of integrity. The system must therefote minimise

the possibility of a train collision by ensurinj that
conditions whiuh may lead to a collision have 4 very small

probability of arising.

Qne must accept that there is a tradeoft .= w7wen 'satety', in
the sense described above, and the 'efficiency' with whin
traffic is managed and that the achievement of 'absolute
safety', with zero tisk, is impractical and economically
impusgible. One wust be gsatisfied with minimising th: xisk,
within a given cost frame and this can be accomplished by the
implementation of various satety principles. These principles
are enforced in C.R.T.C. within the eguipment itsell and in
the formulation of a regulated operating procedure. 1t is
essential that all operating staff, both traffic ¢ ntrollers
ani train drivers, are trained in the correct use of the

system. Tie C.R.T.C. system atfords every practical aid

towards the automatic enforcement of operating regulations,
but cannot claim to provide any degree of safety without

responsiblie, competent human operators and drivers (ref, 1l).
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Clearly, safety can only be achieved if the original

#\\ : specification of the system is acceptably safe, and any

'errors' made at this level cannot be protected against in the
running system. Chapter 6 details the specification for
C.R.T.C. in terms of a set of 'rules' which govern train
movements within a single line network and acceptable safety
is achieved in the specification by basing the rules on three

major premises:-

1} dever allow more than one train to entear the same

section;

2) Never allow more than one train movement (i.e.

shunting, entering, or leaving) at the same station;

3) Never allow a train to proceed stra gut through an

occupied station.

'Absolute Safety' would require that these tules are always

adhered to regardless of errors, human or otherwise.

pPractically, however, one can only minimise the possibility of
i safety violations and this is achieved in C,R.T.C. in several

ways:
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1) High Reliability.

The reliability of a system is measured by the frequency of
failures and high reliability is defined by a low frequency of
faliures. Human errors, and equipment failures will alwsys
occur with some degree of frequency and some percentage of
these errors will cause unsafe situations. Minimising the
occurrence of all failures serves to reduce the number of

critical, unsafe tailures.
2) Non-Provecation {ref. 1lj.

Non-provocaktion is a standard approach towards the achievement
of safety in railway signalling. Bach 'component' of a system
is configured in such a way that, in the absence of any
failure in that component, it can not pass an unsafe
condition, or request, to the next component, For example, in
C.R.T.C. the operator will be trained to follow a set of
«lear, unambiyuous operating regulations, He is provided with
an overview display of the C,R.T.C. network to aid in decision
making, and he is aware of the fact that each transaction is
being recorded, bkoth the verbal part and the digital parﬁ
These factors combine to minimise the frequency at which he
will even attempt to set up unsafe situations - hence he does
sot ‘provoke' the system., Purithermore the driver is
responsible For ensuring that transactiocns which are incorrect

are not executed - again a case of non-provocation,
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As described in Chapters 4,5 and & tne operator's interface is
designed to prevent unsafe requests from being passed to the
safety equipment: the operatvrs Interface ther:fore dves not
'provoke' the safety equipment. Won prosocation is therefore
used extensively in C.R.T.C. to minimise the Erequeacy of

unsafe fajilures.
3} Redundancy {r=fs. 6,8,11,15}.

Redundancy is a tecnnique used to minimise the occurrence of
unsafe failures. One function of a system is 'backed up' by a
separate implementation of the same function., This means that
an error in one component can be rapidly identified by the
component which is providing the backup. Once the ervor has
been identified, it can be isolated and its effect minimised.
aAn example of the use of redundancy in C,R.T.C. is that each
message received by the driver is given to him both verbally
and electronically in the form of an electronic display. If
the two implementations of the same messaye are not the same,
the driver can identify the fact that an error has occurrxed
and follow the safe procedur: - to stop moving and to regard
the authority as invalid, thereby preventiny the error from
causing an unsafe situvation. The agpeech and data information
passing provides an example of 'dual redundancy' in which an
error can be detected but its source cannot be identified (tne
driver does not know whether the error was in the verbal

message or in the electronic display). triple redundancy is
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also used in C,.R.T.C. in the fail safe processing eguipment.
Three microprocessors run in parallel and it an error occurs
in one of the microprocessors the other two can isolate the
faulty processor and continue as a dual radundant system. In
this way the system is not dejraded at all and can continua to
run noemalily,

7.1 Error Soukces in C.R.T,C specification Errors.

Any implementation of a sysrem can only be guaranteed to
enforce the conditions spe :1fied in the specification of the
system and it is therefore essential in C.R,T.C. to establish

a suitable specificstion,

Extensive consultation with Signal Engineers and with Railway
Transport Authorities representing driver: and traffic
controllers was undertaken during the desiyn of a
specification for C.R.T.C. These consultitions continued
throughout the design and implementatinn ot the 'operator's
interface' which was used to illustrate all aspects of the
system, including the essential ‘interlocking rules'. The
format of t;ansactiuns and the rules which govern them {as
descrived in Chapters 5 and 6) were found to provide an

acceptable level of safety during these consultations,




~1@l-

7.2 EBrror Sgurces in C.R.T.C.: Ou-Line Errors. ‘

Figure 7.1 illustrates the points at which errors could occur
throughout the C.R.T.C. system and the following paragraphs
describe the defences against such errors causing dangerous

situations.

7) OPERATOR
VERGAL

ERRORS
. SPEECH LINK
OPERATOR" TRRNSHISS]DN
INTERFAC! EDUIPHENT
1) ED TTRA
NTRY
QOPERATOR UGN f
23 EDU]PHENT 31 EQUIPMENT 4) TRANSHISSION
RES FAILURES ERRORS
8} DRIVER
VERBAL
ERRORS
1
8 ‘s SPEECH LINK !

S

BISPLAY
. TRAIN~HORNE
PROCESSOR
TRAIN ORIVER
6) INTERPRETATION 8) EQ
ERRD

Figure 7.1: Error Sources in C.R.T.C.
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1) Operator Data Entry Errors,

If the operator makes o error io entering data at the
opetator's interface he may ilmmediately recover by aborting
the transaction and re-entering the data, If, however, the
operator attempts to execute a false transaction ({for example
executing a 'train clear' transaction before a driver has
cleared a sertion) then it is the responsibility of the driver
to refuse to accept the transaction. An operator error of this
nature can only be promulyated if the driver makes a similar

error, and this is therefore a case of redundancy.

2) Failurass in the Operator's Interface,

The operater’s interface is non fail-safe eguipment and

therefore an error in this eguipment may cause unpredictable

messages to be sent to the safety check equipment, The
software for the operator's interface is written in a

scructured manner and has been extensivaly tested in an

attempt to maximise the reliability of this interface sc that

the frequency of errors is low. The fall-safe equipment

provides a back-up to the operator's egquipment, and hence,

again, dual redundancy is used to prevent the occurrence of

errors from causing dangerous transactions.
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3)Failures in the safety Eguipment.

Non-Provocation of the safety Equipment by the Operator's
Interface is used to minimise the frequency at which the
Safety Equipment will be used to Ellter out unsafe reguests.
The equipment itself makes use of triple redundancy tc protect
against failures. Three microprocessors run in parallel and
each microprocessor monitors all transrissions both to and
from trains, and from the operator's interfacve. All actions
taken by the equipment require a two-out-of-thres majority
decision before they can be executed, and hence a failure in
one of the microprocessors will be detected by the other two

and the offending microprocessor will be isolated.

All the software in the Safety Equipment is made error free
using stringent, aspproved validation techniques and hardware
watchdog timers monitor the execution of the software (by
detecting infinite loops etc.) to ensure that the program runs

consigtently and correctly during the operation of C.R.T.C.

4)Transmission Errors.

ALl electronic messages which are transmitted to train drivers
are sent in 'full text'. For example, an authority for a train
to proceed would be built up with the Full set of characters:

"P-R-0~C~E-E-D~ -FrR-0-M~ -LnE-R-0-U=X= ~T=0~ =§=N-Y=B~E~R~G"
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(Leroux und Snyberg being the source and destination stations
respectively). The possibility of a transmissic distortion
being undetected by the receiving equipment is reduced by the
use of cyclic redundancy codinj (CRU). Messages are sent in
the format specified by tne standard Synchrooous Data Link
Control (S$DLC) protocol and the particular CRC used has a very
low probability for undetectable errors. If an error is
detected by the veceiving equipment a full message
re-transmission is requested. In the unlikely event that an
undetacted data transmission error passes the receiving
equipment error checks the messajo displayed to the driver
would be garbled, and hence ignored. The possibility of a
message being corrupted to a sensivble, but incorrect message
(i.e., 5-N¥-Y~B=E~R-G~ being distorted to L-E-R-0-U-X-) as well

as passing the CRC check is minute and can be ignored.

5)Train Equipment Failures.

The train-borne equipment is non fail-safe but is designed so
that it cannot generate, on its own, a vatid movement
authority and display it to the driver. The characters used to
build up station names, for example, ave not stored anywhere
in the equipment and hence, under fallure conditions, no
meaningful display will be given to the driver and he will not
move, In the unlikely event of the equipment generating its
own valid message the driver will ignore it sinme he will not

have received a verbal authority,
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The possibility that train-borne equipment will intercept
messages addressed to otner trains does exist, but in this
case the drivar would recognise that the message refers to
another train and he would not have received verbal
confirmation, Hence he would ignore the messaje. Furthermore,
each set of train-borne equipment has a unigue digital address
which is transmitted with each message, and the data

constituting this address is checked by CRC checking.
6)Driver Interpretation Brrors.

One cause of Fatal errr+s could be the driver misinterpreting
the sense of an instriction given to him by the operator;
however, the driver would have to misinterpret both verbal and
visual messages for this to happen. In order to prevwent this
the wordiny of all movement authorities has been designed to
clearly express the intention of the transaction. Messages are
displayed 1in Ffull text and station names are written out in

full rather than giving code numbers or letters.
7) Operator 'verbal' Errors.

The operator's interface provides him with the full text of
any formal verbal icstruction which he must give to the
driver. If, however, the operator reads the message out
incorrectly and assuming the driver 'accepts' the transaction,
the driver's written authority will not agree with his verbal
authority and the transaction should be considered by the

driver to be invalid,
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8) Driver 'verbal' Errors.

one must acknowledge that C.R.T.C. places _onsibility on
the driver to follow the correct procedure.. .£ the driver
reports clear of a section befors he has actually cleared it
{this constitutes a driver 'verbal' error) and the ‘clear
transaction is executed then the train will be in a section
for which it has no authority, This is eguivalent tu entering

a section without authority and there is no electronic

protection arainst t

i5, Regulations must be followaed, and the
knowledge that events are recorded (both the data and the
verbal portions of transactions) should help te prevent

transgressions of these regulations on the part of the driver.

7.3 Safety in C.R.T.C.

General safety in C.R.T.C. therefore relies on the fact that
both data and verbal representations of an authority are
required by the driver before he can move his train, The
interlocking software prevents the inadvertent transmission of
conflicting movement authorities, but relies on tFain drivers
to report information correctly and the operator to enter it
correctly. Both operator and drivers are relied on to abide by
the operating rogulations, and to abide by the movement
instructions. Enhancements to C.R.T.C. could include Fail-Safe
traln detection equipment which would effectively remove some

responsibility from the operator and drivers., However, both
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the operator's and the drivers' interfaces are designed to
give as much aid in following the regulations as possible and,
with suitable training and properly documented, unambiguous
operating regulations the human aspect can be made a safe and

reliable part of C.R.T.C.

7.4 Conclusion.

safety in C.R.%.C., as an overall system, was therefore
achieved by ensuring that the specification of interlocking
rules was correct and complete and thereafter by minimising

the probability of 'on-line' dangerous failures through the

use of reliability, redundancy and non-provocation. Each error
source was identified and isolated and suitaple safety
mechanisms were incorporated so that errors could be
identified and prevented from causing dangerous violations of

the operating ragulations.

it
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the operator's and the drivers' interfaces are designed to
give as much aid in following the regulations as possible and,
with suitable training and properly documented, unambiguous
operati g regulations the human aspect can be made a safe and

reliable part of C.R.T.C.

7.4 Conclusio..,

Safety in C.R.T.C., as an oversll system, was therefore
achieved by ensuring that the specification of interlocking
rules was correct and complete and thereafter by minimising
the probability of 'on-line' dangerous failures through the
use of reliability, redundancy and non-provocation. Each error
source was identified and isolated and suitable safety
mechanisms were incorporated so that arrors could be
identified and prevented from causing dangerous violations of

the operating regulations.
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Chapter 8: Technical petails of C.R,T.C.

8.0 Introducktion.

In order to create a system which could quickly and
effectively demonstrake the system C.R.T.C. an IBM PC was
programmed as a full operator's interface (including all the
functions described in the previous chapters). The PC was
furthermore used to simulate the components of C.R.T.C. which
are external to the operator’s interface -~ for example the
keyboard of the PC is used to simulate the procedure by which
the operator sets up a communications channel with a train,
and a dot matrix printer is used to record all the messages
which are sent to trains. A pushbutton mounted on the printer

simulates the driver's "ACKNOWLEDGE" button.

9.1 Implementation - Software,

The IBM PC with two munitors, a keyboard and a printer
provides an ideal hardware vehicle for the implementation of
the operator's interface and for the simulation of the

external constraints of the C.R.T.C. system.

The PC itself was used as a development tool for the C.R.T.C.
software design and the configuration of the PC as an
operator‘s interface was achieved by coding the software in
Intel 8086/8 Assembly Language. This language was chosen for

the following reasons:




~169~

1) The IBM PC uses an 8088 microprocessor as its CPU and hence
there exists an 8688 Assembly Program to automate the translation

of Assembly Language source software to the correct machine code;

2) Codinyg software into Assembly Language gives a very large
degree of Flexibility for driving 1/0 devices such as monitors,
printers, etc. and this flexibility allows the 1/0 devices to be

configuraed in the specific format suitable to C.R.T.C.;

3) It is possible to 'disassemble' machine code, theteby
te-creating the original source Assembly Language. Hence, when
de-bugging and testiny a running program, the original scurce
code and the disassembled machine code can be compared 'line for
line'. This Eacility was used during the development of C.R.T.C.
software to identify and correct errors quickly, It is not
possible to 'decompile' machin: code to re-create higner language

source software;

4} The checking of disassembled machine code against original
source code was used to ensure that there were no assembly errors
i.e. that the assembler had not translated the source code
incorrectly, Again, this cannot be done if high level languages

are used, and compiler errors cannot be isolated in this way.

5) Coding software into Assembly Language is generally reputed to
be a tedious, time consuming task. However, the author found that

the major proportion of the effort spent in implementing the




~110-

system was in the design of the software structure. The effort
spent in the final coding of the design into a target language
proved to be insignificant when compared with the effort spent on
software design, and hence the author did not consider this

aspectc in the choice of a programming language.

8.2 The Desiyn Procedure.

The software implementation of the system 'C.R.T.C.' as it has
been described in previous chapters required, first and foremost,
that a number of compartmentalised t. .s be defined. These tasks

were then combined to perform the full system.

The fragmentation of a single, highly-complex system into a
number nf well-defined tasks served to simplify the design
procedure significantly. The first level of fragmentation
provided a set of general component tasks which ware given the
title "Operating System Modules™ or OSMs in the C.R.T.C. system.
Similarly each operating system module was broken up into a
number of "gubroutines" and each subroutine in turn became the
sum of a number of "Modules®, so that at the level defined by the
modules the software consisted of a large number of simple,
well-defined tasks, each of which could be readily 'coded' or
implemented in the target programming language. This is a
standard approach to software design and, as illustrated in
Figure 8.1, the shape of the resulting structure resembles an

inverted 'tree', hence the name "Tree §tructure".
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Figure 8,1: Tree Structured S.%tware.
The software design procedure, therefore, involved the isolation
of a number of specific activities which combined together to

execute the general system called 'C.R,T.C.°

8.3 C.R.T,C, Simulator Software,

Figure 8.2 shows the operating system modules which constitute
the operator's interface and C.R.T.C. simulator and the following

paragraphs give a brief description of each 0OSM,

£.R.T.C.
INIJTIALISATION STATUS OVERVIEW SERIAL MENU CONSOLE PUSHBUTTON
CALCULATIONS DISPLAY TRﬁNSles!nN‘) /
CETAIET TERARTE) \ T .//
{onzgnse} |oa nsnse] loete)

Pigure 8.2: C.R.T.C., Structure.
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1) status Calculations,

This 05M has no Input/Output portion and is responsible for
keeping a trecord of all the trains in the system, the occupation
status of each station and each section, the position and current
authority of each train and the status of the radio (i.e, channel
open or closed). The OSM provides a dynamic data base which is
referred to by all the other 0SMs to calculate interlocking and
to drive the overview display, tne console, the menu and the

message transmissions.

2) Menu.

The 'Menu’ OSM has two sub-tasks., Firstly, on the basis of
information provided by the 'status calculater' module; 'Menu'
calculates a list of permissible pushbuttons and this iist is
used by the 'pushbutton’ module so that the system can identify a
pushbutton when it is activated by the operator. Secondly, ‘Menu'
is responsible for the displaying of the permissible pushbuttons

on the monochrome monitor.

3) Console.

‘Console', like 'Menu', first calculates what should appear in

each field of the console. Then it * ‘nonsible for the
physical outputting of characte onsole sectinn of the
monochrome monitor in the correct .
e s 'y S
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4) Overview Display,

The 'Overview Display' 05M calculates overlay information, such
as sectlion colours and optic contencs for the Aisplay, once an
indication has been ieceived Erom the status calculation program
that a transacktion has been successfully ezecuted., This module

then physically drives the display accordingly.

§) serial Ttanswmission,

Oon reception of an indication from the status calculation program
that an execution is being attempted, this O0SM transmits the
message to the fail-safe equipment and awaits a return message
signifying whether the transaction was successfully executed or
not. If, for example, the driver does not acknowledge the
message, then a 'fall' message is returned from the fail-safe

equipment.,

In the simulator, the 'Serial .. smission' OSM transmits
messages to the printer. A fPrinter Ready/ Mot Ready' indication
is returned to simulatz the sucee 1 or failure message. This
allows for the simulation of the ¢ase where a driver doas nok
acknowledge the transaction, since the ' elect' pushbutton on the
printer is used te simulate the driver's “ACKNOWLEDGE"

pushbutton,
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6) Pushbutton.

This operating system module performs an input from the keyboard
and decodes a pushbutton request by consulting the Menu list, The
pushbutton request 1s then passed to the status calculator which
takes the appropriate action. The input portion of this module
can readily be modified to allow inputs from an alternative

source such as a digitiser pad.

7) Initialisation,

The 'Initialisation' OSM runs only cn the starting up of the
system, and it initialises all the [/0 devices, calculates a
static layout of the network to be displayed on the overview
display and initialises all dynamic data to reflect that there
are no trains in the system, no occupied stations and no radio
channel as yet set up., Information suck as the number of
stations, the name of each station and the number of loops at
each station is coded into a 'staiig' data base, and this data
base can be configured very easily to c2present the layout foxr

any single line network.

8,4 Modularity and Modification.

C.R.T.C. software was designed, as de: . 'bed above, in a modular
structure. In order for the modules to Lo bound together to form
a coherent system, the design procedure also requires the

definition of a 'Date Flow Structure'.




=115

The 'Data Flow' defines how the activity performsd by each module
both depends on the results of another mc lule as welli as itself
affecting the operation of a further module. This aspect of the
design is critical with regard to the ongoing modification of the
system, and maximum emphasis was placed on the 'modularity’ of
the software to allow for changes to be made guickly and simply
in the detailed specification. To a certain extent, the software
was desiyned in pavallel with the specification and bence changes
to certain details were often required. The modular nature of the
design facilitated this in that the specific areas to be changed
cculd be extracted (as complete mudules), re-designed and
re-inserted. The dat: flow structure was defined in such a way
that this process would not disturb or disrupt the flow of data
ard only relevant modules needed to be changed. The comments made
atove can be jilustrated by the exampie shown in Figures 8.3 and

3.4,

TASK: CALCULATE THE ALLOWED DIRECTION FOR A TRAIN TO PROCEED.

INPUT DATA: TRALN NUMBER

QUTPUT DATA: DIRECTION

PROCEDURE: IF THE TRAIN NUMBER IS EVEN THEN THE

DIRECTION IS ‘up'.

IF THE TRAIN NUMBER IS ODD THEN THE

DIRBCTION IS 'DOWN'.

Figure 8.3: Sofiware Module.
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In this case the module is simple and well defined. The source
data, which is provided by some other module, is the train
number, The module in guestion uses the train number as input
data and calculates a result (i.e. the train direction, 'up'
or 'down') which can be passed on to another medule which uses
it (Eor example) to create a list of allowed destination
stations. Assuming that the requirement c“anges, and that for
example a 2, 4, or 6 digit train number defines an ‘up' train
while a 1, 3. or 5 digit train number defines a 'down' train.
The module cuy be eXxtracted. and the procedure redefined as
shown in Fijure 8.4. The format of the input and output data
is not changed, and so naeither the module supplying the input

nox the module using the output needs to be re-desidned.

TASK: CALCULATE THE ALLOWED DIRECTION FOR A TRAIN TO

PROCEED .

INPUT DATA: TRAIN NUMBER

ouTPUT DATA: DIRECTION

PROCEVURE: IF THE TRAIN NUMBER HAS 2, 4 OR 6

DIGITS THEN THE DIRECTION IS ‘'up'.

IF THE TRAIN NUMBER #HAS 1, 3 OR 5

DIGITS THEN THE DIRRCTION IS ‘DOWN'.

Figure 8,4: Software Module.
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8.5 Software validation.

Essentially, validating a system involves the testing of the
system to prove that it exactly implements the all the
requirements laid out in the specification ,and cnly the
requirements laid out in the specification) uander all
circumstances. The structure of the software to be tested affects
the task of validation to a large degree. Well defined, loosely
coupled modules can be cestad and validated individually, and
since each module is ar entity which defines a certain small
function, the validity of the module can be established and
proved in isolation from the rest of Lhe system. For this reason
the software for C.R.T.C. was written in the structared format
described above. Secondary functions (such as the display of
colour information on the colour monitor for exampla) are not
critical in terms of the safety of the system as a whole and full
validation techniques are not called for. However, In ocrder to
produce a reliable system, and one which can be guaranteed to
behave to a large extent as specified, it is advantageous to
structure the software in a manner which will facilitate the

testing of the software.
8.6 Conclusion,

The C.R.T.C. simulator was therefore designed and built to
incorporate all the functions enumerated in the specification for
C.R.T.C. The IBM PC was programmed in assembly language and the
software was designed in a structured, modular fashion to

facilitate modification, expansion and error checking.
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Chapter 9: Conclusion.

’ 9.0 The gnd ysers of the System,

The System C,R.T.C. originated from a requirement to design and
build & safe, efficient, cost~effective system for the control of
single line railways. The major part ot this project has been to
design a full specification for such a system and this w3s
achieved initially by drawing up a series of documants which
served to establish the general framework of the system. These
documents were used as a means of formally communicating the
proposed desiyn of the system both to those people gualified to
judge the merits of the system and to those people who were
likely to become Jirect users of the system, such as Transport
Authority Personnel. Many of the principles of operation of
C.R.T.C. were therafore established through communication with

the above groups of people.

Once the general structure of the system had been concluded in
. this way, it was decided that a full operator's interface should
be built so as to present graphically the details of operation of
C.R.T.C. to potential customers. In this way, any changes to the
details of the system or any specific requirements suggested by
. the potential client could be illustrated graphically via the
actual operator's interface, instead of depending solely upon the

verbal description of the effccts of such alterations.
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The final system specification, as demonstrated using the IBM PC,
met with the approval of signal engineers, and personnel from

several transport authorities reopresenting drivers and operators.

9.1 The Achievements of the Project.

The C,R.T.C. system operating specification bas been completed,
and defines a cost-effective single line control system. The
inherent measures described in Chapter 7 provide the system with
an acceptabla level of integrity, and the cperator and driver
interfaces allow for easy operation. The set dof operating
procedures described in Chapters 4 and 5 combine to maximise the
efficiency with which train traffic in a network can be managed.
The resultant system therefore achieves the objectives of

cost-effectiveness, safety and efficiency.

$.2 A production Level C.R.T.C. System.

The IBM Personal Computer running C.R.T.C. software can be seen
as a fully operational operator's interface with additional
Functions effectively implementing a simulation of the full
C.R,T.C, System. A full production level system consists of the

following components:

1} An Operator's Interface.

This interface performs all the functions describea in the

preceding chapters of the dissertation, giving the operator a

data entry / display device and an overview display.
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2) Radio Equipment and a Radio Network.

In general a C.R.T.C. communications network operates as follows:

- the radio network has full range from the control room to all
points of a single line network in which Centralised Radio Train

Zontrol is operational;

- train-borne and control-room equipment transmit and receive

both speech and digitally-encoded signals;

- the train-borne processing equipment provides the driver with
a means for sending a request to the control for a

communication chaunel to be opened;

~ the control room radio equipment provides the cperator with a
display of outstanding requests from drivers and a means of
selecting a target train for communication. The identification
number {or radio number) of the selected train is available for

processing by the operator's interface.

3) A Fail-Safe Supervisory Processor,

As described in earlier chapters of this dissertation a fail-safe
supervisory processor checks all transactions before they are
transmitted to trains, and ensures that the correct

communications procedures are followed. Software in the processor
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is error-free and prevents the viclation of any interlocking
rules. The software is validated and runs in a fail-safe triple

processor system.

4) Train-Borne Processing and Display Equipment.

A single microprocessor system installed in each train receives
digital messages and drives a small display unit (two lines of 8¢
characters). The display is driven in a fail-safe manner i.es.
messages are not lalched in the display hut require the active
presence of the microprocessor cyclically to refresh the contents
of the display, Failures in the microprocessor therefore result

in 2 blank, or null message display.

9.3 The Present Status of the System,

To date the C.R,T.C. operator's interface has been completed and
@ full users' specification designed. A fail-safe triple
processor system has been designed and built (ref.6) and an
error-free operating system for the triple processor system has
been complated, It remains to configure the fail-sﬁfe eguipment
specifically for the application of C.R.T.C., to imploment a
suitable radio network and to design and build train-borne

processor and display eguipment.
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Extensions Lo the System,

As described in Chapter 8 the software was designed in such a
way as to allow modifications, and future additions. One of
the major areas which could be investigated is the
implementation of the automatic issue of proceed authorities
and the automatic clearance of sections. This would
significantly increase the amrunt of traffic which could be

handled by a single operator.

Automation could be achieved by installing trackside
transgcndars at hoth ends of each station. A reader mounted on
board the train would automatically recognise the transponder
as the train approaches a station and transmit a request for
the issue of an authority to enter the next section. Once a
train has entered the next section the reader would recc nise
a second transponder (mounted at the station exit} and
automatically notify the control centre, and the previous

section (the section vacated by the train) would be released.

9.5 The Future,

The aim ¢f C.R.T.C. is to save sections which may, with normal
signalling systems, be closed due to vneconomical running
costs., However, C.R.T.C. may also prove ko be a step towards a

safe, automated train control system.
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Appendix A: Configuration of a C.R.T.C. Layout.

The software for the operator's interface includes a module which
defines the layout of the network to be controlled, giving the
station names, number of loops, ete. This module is called
"CRTCLAYT.ASM", The following is extracted from the data module,

and illustrates an example layout

The following diagram is a representation of a station. Each
possible 'position' at which a railway track may exist is
numbered as shown in the diagram, i.e, positions 1, 2, 3, 4, 5.
The data description of each station includes a numeric value
associated with each position shown in the diagram below, For
example, a station may have no loops and only a 'main line'. In
this case the coding for positious 1, 2, 4, and 5 would be
‘non-exlistent', and the coding for position 3 would be 'main
line', The numeric representations for each of the attributes
{non-existent, main line, loop etc.) which a position may be

given are defined in the list below the diagram.
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EXAMPLE STATION LAYOUT,

e ———————— e pogLTION 1
1 1
1 I
1 1
_______ mmmmmnan POSITION 2
1 1
. I T
T T
POSITION 3
1 1
1 t
1 1
————————————————— POSITION 4
1 1
T T
T 1
_________________ POSITION §
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POSITION DESCRIPTION CODING:

Jg--=-- NON~EXISTENT (i.e. thera 1§ no track in this

position in the station)

MAIN LINE

G2--mmnn Looe 1
BI=mm e LooP 2

3
Bo-—m - LooP 4

Each Station is represented by a string of bytes whien gives the
position description code numbar f£ar each position, and the
station name., The striny of characters giving the statisn name
should be terminated with a § (‘Jdollar' sign) and each station
entry should be filled to 3¢ bytes. The stations should be stored
in the following order:

§T1 is the DOWN end station

ST2 is the next station alony

etc,

The example given below sets up a network with 18 Stations,
'vanwykskraal' is the 'down' end Station, and ‘Humeficld' is the

‘up' end Station,




STL0
sTil
§T12
ST13
ST14
8T15
8716
§T17

8718

DB

[2:]

[2}:]

DB

[21:3

DB

DB

oB

oB

0B

OB

DB

DB

DB

DB

D8

D8

DB

bDE

DB

0B

[2:]

bB

DB
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a9 ;INDICATES POSITION 1=NON-EXISTENT
a0 ;INDICATES POSITION 2=NON-EXISTENT
a1 JINDICATES POSITION 3=MAIN LINE

a2 INDICATES POSITION 4=L00P 1

¢ ;INDICATES POSITION 5=NON-EXISTENT
‘vanwykskraal$® JSTATION HAME

12 bup(?) ;FILL TO 3@ BYTES

0Y,60,061,02,9¢, Le Roux$',17 0P (?
99,0¢,61,02,00, 'Marevliaktes', 14 DUP(?)
00,d2,81,00,68, 'Viakteplaas$' ,13 DUP(?
09¢,02,91,98,88, Rooilocps' 16 DUP(?)
06,62,01,08,060, 'Snyberys$',17 DUR(?)
¢4,09,91,00,00, ' BSCOM PVT #13',12 DUP(?)
$0,02,61,00,80, 'Toorwaters' 15 DUR(?
¢6,84,91,62,99,'vondeling$’,15 DUP{?
09,89,01,02,00, 'Antonies’, 17 DUP(?
@¢,09,81,92,04, 'Willowmores', 14 DUP(?
a9,49¢,61,42,00,'0ven §°,15 pup (?}
9@,02,91,83,04,'Knoatze §',15 pup (?)
09,09,41,02,80, 'Fullartons',15 oUp (?
0¢,00,061,02,08, 'Draatberg$’ 15 bup (?
Q6,92,01,04,0¢, Miller $',15 pup (?
%0,69,91,82,080, 'Fern $',15 pup (?

60,90,01,82,00, 'Humefield$',15 DUP (?)
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Appendix B: Description of Modules Linked into C,R.T.C.

The following is a full list of all the files which are
assambled and linked tojether inte C.R.T.C. Each projyrmme
module is given a level number which indicates its position in
the structure of C.R.T.2. and a short description of the

Eunction of the moadule.

1.CRTCLAYT.ASM
This is a data module which defines the gyeojraphical layout of

the network under control.

2.CRTCCHL . ASM
This is a data module which defines a number of character

strings used in drivinyg the console.

3.CRTCCHZ.ASM
This is a data module which defines a number of character

strings used in driving the menu.

4.CRTCMAC.ASH
This is a module containing definitions of all the macros used

in the system, It is 'included' ilgn each module which uses

macres.
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~ 5.CRTCEQU.ASM
This module defines a number of constants which arz used
throughout the system. It is ‘included' in each mndule which

refers to any of the constants,

6.CRTCEQU2.ASM
This module defines a number of constants which are used
throughout the system, It is 'included' in each awdule which

refers to any of the constants.

7.IOLNT.ASM

This is an initialisation module which 4t@s a stack area

and initialises seyment reyisters in th 98,

8.CRTCINTX.ASM

This is an initialisation module whiva 1 ..

1828 the dynam:ic
database i.e. all data which is written .y <n: subroutine

PROCCRTC. This data includes a list »f ns (which are

. made all 'clear’ on initialisation’ und a l.:t of trains i

(which is made ‘empty' on stacktup).

9., INTBWMON.ASM
This is an initialisation module which initialises the

monochrome monitor, The program .reates the features which are
displayed permanently on the monitov (such as the menu

outline).
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18.DISFINT.ASM
This is an initialisation module which initialises the colour
monitor, and creates the skatlc portion of the averview

display.

11.DRINT.ASM

This is an initialisation medule which initialises a data
buffer which tefers to the colour display information. This
buEfar is called a 'responsibility' buffer and contains
records of each irain which is responsiole for any overlay on

the display.

12.PRNINT.ASM
This is an initialisation module which initialises the

printer, causing a title to be printed, and the date and time.

13.PBINT.ASM
This is an initialisaticn module which initialises a list
which is used to determine presently selected, and presently

activated pushbuttons from the menu list.

14.MAINZ,ASM ~ LEVEDL 1.
This is the main program for running C.R.T.C. which calls

programs on lower levels.

15.8TIPROC.ASM - LEVEL 2.
This is one of the Operating System Modules which is executed

when the status (value of INST - see appendix D) is 1.
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16.ST2PROC, woM - LEVEL 2,
This is one of the Operaring System Modules which is executed

when the status (value of INST - sec Appendix D) is 2,

17.$T3PROC.ASM - LEVEL 2.
This is one of the Operating System M iales which is executed

when the status (value of INST - s« Appendix 3) is 3

18.ST4PROC.ASM - LEVEL 2.
This is cne of tne Operating System Modules which is executed

when the status {value of INJT - see Appendix D) is 4.

19.STSPROC.ASM - LEVEL 2.
This is one of the Operating System Modules which is executed

when the status (value of INST - see Appendix D) is 5,

20.VDUSCRL.ASM - LEVEL 2.

is called from MAIN2 to scroll

This is a special routine wh
the colour monitor, The module directly accesses hardware vOU

drivers to maximise the speed at which this is done,

2L.CRTCTEST.ASM - LEVEL 2.
This is a special module called from MAIN2 which sets up a
simyplated run (simulating the operator with rancom

keystrokes) .
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22.INFLD.ASM ~ LEVEL 3,

This module may be called from any of the 5 0SMs and it
creates an 'instruction' field whi " is displayed on the
console to tell the operator which keys he i3 allowed to
select at any time. The instruction field apoears at the

bottom of the console.

23.SERIAL.ASM - LEVEL 3.
This modul. is called by the 0SMs ST4PROC and STSPROC. The
module implements serial t-ansmission of messages to thre

printer,

24 .RAND.ASM - LEVEL 3.
This is a module which is called by the CRTCTEST module to

provide a random number.

25.CON.O.ASM - LEVEL 3.

This module takes the lists of characters which have been

assembled for display on the console, and outputs them to the

device.

26 .MENID.ASM ~ LEVEL 3.
This module takes the 1ists of characters which have been
assembled for display on the menu, and outputs them to the

device.
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27.PROCCRTC.ASM - LEVEL 3.

This module calls all the routines used to keep track of the

trains, stations, and current status (in the variable MST -

see Appendix D).

28.DISPLAY.ASM - LEVEL 3.
This module calls all the routines used to

output information to the colour monitor.

29.CONSOLE.ASM - LEVEL 3.

This module calls all the routines used to

calculate and

calculate

information ceacerniag the characters te be displayed on the

console.

3¢.MENU.ASM - LEVEL 3.

This module calls all the routines used to

calculate

information concerning the pushbuttons which should be active,

and the pushbutton labels to be displayed on the menu.

31.PROROP.ASM - LEVEL 3.
This module assembles data to be passced to
calecylation module in the event of a radio

opened.,

32.PRORC.ASM - LEVEL 3.
This module assembles data to be passed to
calculation module in the event of a radio

closed.

the PROCCRTC status

channel heing

the PROCCRTC status

channel being

!
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33.PBRQ.ASM -~ LEVEL 3.
This module assembles data to be passed to the PROCCRTC status
¢alculation module in the event of a pushbutton beiny

selected.

34.PROARR.ASM ~ LEVEL 3.
This module is called when the aperator instijates a 'select
up' or 'select down' of the menu and keeps an internal record

of the curreatly selected Pb.

35.PROSCR.ASM - LEVEL 3.
This module is called when the operator instigates a 'scroll
menu' and keeps an internal record of the currently displayed

range of the menu,

36.CRTC7L1.ASM - LEVEL 4.
This is the first of tne status control calculation modules
called by PROCCRTC which decides which of the following

modules should react,

37.CRTC721X.A5M - LEVEL 4.

Reacts only when a successful execute has been achieved.
Calculates a new status for the train, and all the new
information concerning the train {location, position,

destination etec.)
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38.CRTC722X.ASM - LEVEL 4.
Reacts only when a successfil exccute has been achieved. puts
the new train values calculated by CRTC721 inte the trains

list whicu is a3 buffer starcing at BUr722,

39.CRTC723X.ASM - LEVEL 4.

Reacts only when a successful execute has been achieve

Calculates new infarmation concerning the stations

(occupation, through stations, destination stations ctc) and

puts the information inte the stations list (BUF723).

40.CRTCT24X,ASM - LEVEL 4.
Reacts only when a secondary transaction execution has been
achieved, Keeps a record of blocking cross numbers, locations

and position:.

41.CRTC73I1X.ASM -~ LEVFL 4.

Reacts only when a change in the status of the radio has
cccurred, sither a channel has been opened ox it has been
closed. In the case of a channel opening the module extracts
train information [rom the trains list inko a temporary

working list.

42.CRTCYL.ASM -~ LEVEL 4.
Reacts only when there has been an attempt at executing a

transaction which has failed.
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43.CRTCT41X.ASM ~ LEVEL 4.

Only teacts when a pushbutton has been depressed. RKeeps a
record of inforwation associated with pushbutton entries {i.e.
location numbers, position numbars ete.) and calcoulates new

status values For MST (sce Appendix D).

44 . CRTCTSIX.ASM - LEVEL 4.

This module is responsible for gatheriny information generated
by the previous 7 modules and collating it inte a temporary
working database, jiving train status of the current traina,

location, position, destination, ete,

45.CRTCT6UX.ASM - LEVEL 4.
This module simply extracts the value of the status MST751
into M8T76@ which is used in calculating a new menu, new

coasole and new display.

46.CRT(778.ASM ~ LEVEL 4.

This mocile calculates and stores the addresses at which the
1 character strings for station names and position names are

! stored,‘startinq with a station number, and a position number

for locatlon, position, destination location, destination

position etc.

47.FLDCLR.ASM - LEVEL 4,
This module is called from CONSOLE, and it clears all the
character strings for each conscole field prior to new

character strings being calculated by the following modules.
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48.CRTCCONL.ASM - LEVEL 4.
This module is called from CONSOLE. Lt calculates and stores
the character strings €tor cach field when the status value of

MST (see Appendix D) is dl.

49.CRTCCON2.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix ©U) is u2.

56,CRTCCON3.ASM -~ LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the status value of

M3T (see Appendix D) is 3.

51.CRTCCON4 ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 24.

52.CRTCCONS.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each fleld when the status value of

MST (see Appendix D) is 85 or 06.

il
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53.CRTCCONT.ASM ~ LEVEL 4.
This module is cslled from CONSOLE. Tt calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is ¢7.

54 .CRTCCONB.ASM - LEVEL 4.
This module is called from CONSOLE. [t caloulates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 98.

55.CRTCCONS.ASM - LEVEL 4.
This moduls is called from CONSOLE. It walculates and stores
the character strings for each field when the status value af

MST (see Appendix D) is 69 or @A.

56.CRTCCONB.ASM ~ LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings For each Eield when the status value of

MST (see Appendix D} is @8,45,46,47,49,55 or S6.

57.CRTCCONC.ASM ~ LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each Eield when the status value of

MST (see Appendix D} is @C or 15.
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58 .CRTCCOND.ASM ~ LEVEL 4.
This module is called €rom CONSOLE. It calculates and stores
the character strings for each field whan the status value of

MST (see Appendix D) iz @n or 16.

59,CRTCCONE.ASM ~ LEVEL 4.
This module is called from CONSOLE., [t calculates and stores
the character strings for each field when the status value of

MST (ree Appendix D) is OB or 17.

64 .CRTCCONF.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each Eield when the status value of

MST (see Appendix D) is gF.

61.CRCONAA.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each Field when the status value of

MST (sec Appendix D) is AA.

62.CRCONAB.ASM - LEVEL 4.
This module is called from CONSOLE. Tt calculates and stores
the character strings for each field when the status value of

MST (see Appendix D} is AB.

It
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63.CRCONAC.ASM - LEVEDL 4.
This module is called from CONSOLE, It calculates and stores
the character stringys for each field when the status value of

MST (see Appendix D) is AC.

64 .CRCONAD.ASM ~ LEVEL 4.
This module is cvalled from CONSOLE, {t calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is AD ot AE,

65.CRCONAF.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strinys for each field when the status value of

MST (see appendix D) is AF.

66.CRCONB@.ASM ~ LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strinys For each field when the status value of

MST (see appendix D) is BO or Bl.

67.CRCONLF.ASM ~ LEVEL 4,
This module is called from CONSOLE. Tt calcuylates and stores
the character strings for eacnh field when the status value of

MST (see Appendix D) is 18 or ll.

.
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68.CRCONL2.ASM ~ LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST {see Appendix D} is 12 or 13.

69.CRCONL4.ASM - LEVEL 4.
This module is caelled from CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 14,49,4A,4B,4C,5%, or 58,

76.CRCONL8.ASM ~ LEVEL 4.
This mcdule is called from CONSOLE. It calculates and stores
the character strings foxr each field when the status value of

MST (see Appendix D) is 18 or 19,

71.CRCONLA.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the characker strings for each field when the status value of

MST (see Appendix D) is 1A,

72.CRCONLE.ASM - LEVEBL 4.
This module is called Erom CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 1E or 1PF.
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73.CRCON20.A8M ~ LEVEL 4.
This module is called from CONGOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 2¢.

74.CRCON24.ASM - LEVEL 4.
This module is calied From CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D} is 24 or 25.

75,CRCON27,ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 27 or 30.

76.CRCON28B.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D} is 28 or 31,

77.CRCON29.ASM - LEVEL 4.
This module is called from CONSOLE. it calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 29 or 32.

-
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78,CRCON35.ASM - LEVEL 4.
This module is called from CONSOLE., It calculates and stores
the character strings Eor each field when the status value of

MST (see Appendix D) is 35 or 36.

79.CRCON26.A8M ~ LEVEL 4.
7his module is called from CONSOLE. It calculates and stuies
the character strings for each field when the status value of

MST (see Appendix D) is 26,4D,4E,4F,59,59,5A.

80.CRCON2A.ASM - LEVEL 4,
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 2a.

B8L.CRCON2B.ASM -~ LEVEL 4.
This module is called from CONSULE. It calculates and stores
the character strinys for each field when the status value of

MST (see appendix D) is 2B or 2C.

82.CRCOWZD.ASM - LEVEL 4.
This module is called Erom CONSOLE, It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 2D or 2E.

:
£
%
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83.CRCON2F.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the skatus value of

MST (see Appendix D) is 2F,51,52,53,54,5B, or SC.

84.CRCON33,ASM - LEVEL 4.
This module is called from CONSOLE, It calculates and stoues
“he character strings for each field when the status value of

MST (see Appendix D) is 33.

95.CRCON37.ASM ~ LEVEL 4.
This module is called from CONSOLE. It ca.culates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 37.

86.CRCON38.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the chatacter strings for each field when the status value of

MST (see Appendix D) is 38 ot 39.

87.CRCON4A.ASM ~ LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each Ffield when the status value of

MST {see Appendix D) is 4@.
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88.CRCON41.ASM - LEVEL 4.
This module is catled from CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix 9) is 41,

89.CRCON42.ASM ~ LEVEL 4.
This module is called from CONSOLE, It calculates and stores
tha character strings for each field when the status value of

MST (see Appendix D) is 42 or 43.

99.CCON45.A5M ~ LEVEL 4.
This module is called from CONSOLE. It calculates and storaes
the character strings for each field when the status value of

MST (se2 Appendix D) is 45,49,4D, or S51.

91.CRCON46,ASM - LEVEL 4.
This module is callad from CONSOLE. It calnulates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 46,4A,4E OR 52.

92,CRCON47.ASM - LEVEL 4.
This module is called from CONSOLE. 1t calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 47,
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93.CRCON48.ASM ~ LEVEL 4.
This module is called from CONSOLE. 't calculates and stores
the character strings for each field wuen the status value of

MST (see Appendix D)} is 48,4C,56, or 54,

94,CRCONSTP.ASM ~ LEVEL 4,

This module is called from CONSOLE. Tt calculates and stores
overlay character strings for the extra status field when the
status value of MST (see Appendi¢ D) is @38,14,26, or 2F AND
the stopped flay is set for the train, i.e. tnus train has been

stopped.

95.CONCPV.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 5§%,57,59, or 5B.

96.CONCPX.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each Field when the status value of

MST (see Appendixz D) is 56,58,5A, or 5C.

97.CRCON6@.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
the character strings for each field when the status value of

v+ ' (see Appendix D) is 64,
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98.CRCON6L.ASM ~ LEVEL 4.
This module is called from CONSQLE. It calculates and stores
the character strings for each field when the status value of

MST (see Appendix D) is 61.

99.CRCON62.ASM - LEVEL 4.
This medule is called from CONSOLE. It calculates and stores
the character strings for each field when the stalus value of

MST (see Appendix D) is 62,

1@3.CRCONER.ASM - LEVEL 4.
This module is called from CONSOLE. It calculates and stores
overlay character strings for the errcr field when an execute

attempt has failed.

101 . CRMENAA.ASM - LEVEL 4.
This module is called from MENU. It calculates and stores the
code numbers and character strings for each pushbutton when

the status value of MST (ses Appendix D) is AA.

1@2.CRMENL.ASM - LEVEL 4.
This module is called Erom MENU. It calculates and stoves the
code numbers and charactexr strings Lor each pushbutton when

the status value of MST (see Appendix D) is @1,@2,68, or 61.
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163.CRMEN3.ASM - LEVEL 4.
This module is called from MENU. It calculates and stores the
code numbers and character strings For each pushbutton when

the status value of MST ({see Appendix D) is @3 or AB.

194 .CRMEN4.ASM - LEVEL 4.
This module is called Jrom MgNy. It calculates and stores the
code numbers and character strings for sach pushbutton when

the status value of MST (see Appendix D) is @4.

195.CRMENS . ASM - LEVEL 4.

This module is called from MENU. It calculates and stores the
code numbers and character sktrings for each pushbutton when
the status value of MST (see Appendix D) is 05,¢9,9D,1¢,12,
16,18,1C,1E,22,24,28,28,20,31,33,35,38,42,4B,4F,53,55,57,59,

58, or 62,

166.CRMEN6.ASM ~ LEVEL 4.

This module is called from MENU. It calculates and stores the
code numbers and character strings for each pushbutton when
the status value of MST (see Appendix D) is 06,0A,08,11,13,17,
19,1p,1F,23,25,29,2C,28,32,34,36,39,43,48,4C,50,54,56,58,5A,

5C,AE,Bl, or 63.

107.CRMEN7.ASM - LEVEL 4.
This module is called from MENU. It calculates and stores the
code numbers and character strings for each pushbutton when

the status value of MST (see Appendix D) is 7.
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1¢8.CRMENS.ASM - LEVEL 4.
This module is called Efrom MENU. It calculates and stores the
code pumbers and character strings for each pushbutton when

the status value of MST (see Apvendix D) is @8,

199.CRMENB.ASYM - LEVEL 4.
This module is called Erom MENU. It calculates and stores the
code numbers and character strings for each pushbuttor when

the status value of MST (see Appendix D) is €B,26,2F, or 14.

116.CRMENC.ASM - LEVEL 4.
This module is called from MENU. It calculates and stores the
cede numbers and character strings for each pushbutton wnen

the status value of MST (see Appendix D} is 8C,27,38, or 15,

111.CRMENF.ASM - LEVEL 4.
This modale is called from MENU. It calculates and stores the
cude nuvbers and character strings for each pushbutton when

the stacus value of MST (see Appendix D} is @¥,24, or 2A.

112.CRMENL1A.ASM - LEVEL 4.
This module is called from MENU. It caleulates and stores the
code numbers and character strings Eor each pushbutton when

the status value of MST (see Appendix D) is 1A.
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1L3.CRMEN37.ASM - LEVEL 4.
This module is called from MENU. It calculates and stores the
code numbers and ~hatvacter strings for each pashbutton when

the status value of MST (see Appendix D) is 37.

114,CRMEN4G.ASM ~ LEVEL 4.
This module is called from MENU. It calculates and stores the
code numbers and character strinys Ffor each pushbutton when

the status value of MST (see A.::ndix D) is 46.

115.CRMEN41.ASM -~ LEVEL 4.
This module is called from MENU. It calculates and stores the
code numbers and character strings for each pushbutton when

the status value of MST (see Appendix D} is 41.

116.CRMEN45.ASM ~ LEVEL 4.
This module is c¢alled from MENU. It calculates and stores the
code numbers and character strings for each pushbutton when

the status value of MS5T (see Appencix D} is 45,49,40, or Sl.

117.CRMEN46 ,ASM - LEVEL 4.
This module is called Erom MENU. It calculates and stores the
code numbers and character strings For each pusnbutton whun

the status value of MST (see Appendix D) ls 46,4A,4E, or S52.
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118.CRMENAC.ASM - LEVEL 4.
This module is called from MENU. It calculates and stores the
code numbers and character strings for each pushbutton when

the status value of MST (see Appendix D) is aC,

119.CRMENAD.ASM - LEVEL 4,
This module is called from MENU. It calculates and stores the
code numbers and character strings for each pushbutton when

the status value of MST (see Appendix D) is AD, or Bg

128 .CRMENAF .ASM ~ LEVEL 4.
This module is called from MENU. It calculates and stores the
code numbers and character strings for each pushbutton when

the status value of MST (see Appendix D} is AF.

12L.CRMENFIN.ASM - LEVEL 4.

This module Is called Erom MENU. It calculates the menu for
the case where the channel is closed and there is a train
enquiry, overriding any menu calculakion from the above

modules.
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122.DISPCLR.ASM - LEVEL 4.

This module is called frue DISPLAY. It receives information as
to which train is the subject of the successful execute, and
by referring to the Display Responsibility buffer it knows
which colours, optics, apnd arrows have been caused by that
train. It then clears all the colours, optics, and arrows for‘
which the train was previously responsihle. If the chaanel is
not open then DISPCLR clears ALL the blocking crosses frowm the
display (they are re-calculated and re-issued to the colour

monitor in CRDISPAA).

123.CRDISPL.ASM -~ LEVEL 4.

~

This module is called by DISPLAY. It calculates and outputs to
the colour monitor for a train which occupies a position in a
station, i.e, if the status reached by the train during the

Lransaction was 67,98, or 14.

124 .CRDISP2,ASM - LEVEL 4.

This module is called by DISPLAY. Tt calculates and oukputs
the colour monitor for a train which is still in the origin
but has a proceed authority in the UP direction, i.e. if the
status reached by the train during the transaction was @B, or

14 and the direction is uP.
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125.CRDISP3.ASM ~ LEVEL 4.

This module is callad by DISPLAY. 1t calculates and outpuvs
the colour monitor For a train which is still in the origin
but has a proceed authority in the DOWN directien, i.e. if the
status reacned by the train during the transaction was 0B, or

14 and tre direction is DOWN,

12€6.CRDISP4.ASM - LEVEL 4.
This module is called by DISPLAY. It calculates and outpuks
the colour meonitor for a train which has status 1A and is

proceeding in the UP direction.

127.CRDISPS,ASM - LEVEL 4.
This module is called by DISPLAY. 1t calculates and outputs
the colour monitor for a train which has status lA and is

proceeding in the DOWN directicn.

128.CRDISP6.ASM ~ LEVEL 4.
This module is called by DISPLAY. It calculates and vutputs
the colour monitor for a train which has status 20 and is

proceeding in the Up direction.

129.CRDISP?.,ASM - LEVEL 4.
This module is called by DISPLAY. It calculatas and outputs
the colour monitor for a train which has status 20 and is

prnceeding in the DOWN direction,
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13¢.CRDISPB.ASH - LEVEL 4.
This module is called by DISPLAY. It calculates and outputs
the colour monitor Eor a train which has status 26 or 2F and

is proceeding in the UP directien.

131.CRDISPS.ASM - LEVEL 4.
This module is called by DISPLAY. [t calculates and outputs
the colour monitor Eor a train which has status 26 or 2F and

is proceeding in the DOWN dirsction.

132.CRDISPA.ASM - LEVEL 4.

This module is called by DISPLAY. Tt calculates and outputs

the colour monitor for a train which has status 40 (shunting)

and is responsible for the positions within the station,

133.CRDISPB.ASM - LEVEL 4.

This module is called by DISPLAY. [t calculates and outputs
the colour monitor for a train which has status 46 (shunting)
and is responsible for the down end section if the train has a

‘down end shunt', or a 'both sides shunt’,

134,.CRDISPC.ASM ~ LEVEL 4.

This module is called by DISPLAY. It calculates and outputs
the colour menitor Eor a train which has status 40 (shunting)
and is responsible for the up end section if the train has an

'up end shunt', or a ‘both sides shunt'.
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135.CROISPAA.ASM - LEVEL 4.

This module is called by DISPLAY, It calculates and outputs
the colour monitor when the status is AA, i.e. a sescondary
transaction. The module outputs ALL the hlocking crosses from

the blocking cross list.

136.PROCL.ASM - LEVEL S.
This is a special procedure which is called whenever necessary
to write a chairacter string to the monochrome menitor. The

procedurs defined in this m iule is called CHWRITE.

137.PROC2.ASM - LEVEL 5.

This is a special procedur=s which is called wnere necessary.
Its function is to insetrt the variable part of the information
which is embedded in the verbal field, and it does this on the
basis that it reads the characters for the verbal message from
fixed memory until it encounters a # followed by a code
anumber, The code number tells it whether to insert a train

number, station name, position aname, etc,

138.BINASC.ASM - LEVEL 5.

This is a special procedure which is called where necessary
{from SERIAL when it requires to print numbers on the
printer). Its function is to kranslate & binary coded number

into the ASCII representation of the numbet.
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Appendix C: Maj  “aka Structures.

This Appendix gives a brief de

ription of two of the main data
structures used in the software for the Operator's interface: the

Trains List and the Stations List.

1. The Trains List.

This is stored in a table which is located by the label BUF722.

The module CRTC722X is the only module which is allowed to write

to the trains list. The table is organised as follows:




BUF722:
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Block of 3¢ bytes for the zeroth

entry in the list,

Block of 39 bytes for the first

entry in the list.

Block of 3¢ bytes for the second

entry in the list.

BTC.
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The tcains list allows for 21 blocks of 3¢ bytes, The zeroth

block is not used.

pertinent to a train,

Each block contains all the information

therefore allowing a maximum of 28

trains in the system at any time.

A block in the trains list

radio channel

called a BERTH. Each time a

is opened with a new train the trains list is

searched from kthe bottom up, and thwe new train is assigned the

Eirst free bertn.

When a train leaves C,R.T.C. the berth which

was occupied by that train is clearsd,

The infornation in sach berth is organised as follows:

BYTE NUMBER:

99

eL

a2

23

%4

NAME:

RN

COMMENT.

Boolean variable indicating

whether the berth is occupied

or oot

Radie number of the train.

Status of the train after the

last successful exgcute (sse

Appendix D).

Not used.

Not used.
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BYTE NUMBER: NAME: COMMENT.

a5

96

87

28

a9

iq

oL

DP

BL

Boolean variable indicatiny
the direction of the train -

up or down,

Station number of the station
at which the train is situated

(if the train is stationary).

position number which the
train is occupying (if the

train is stationary).

Destination station number

(for a proceed train).

Destination position number
{for a train which has been

given entry authority).

The station number immediately
in front of a proceeding train

if the train is in a section.

The station number immediately
behind a proceeding train

Lf the train is {n a section.

S

® s ———
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BYTE NUMBER: NAME: COMMENT .

12 5L The sourze station of a
proceeding train i.e. the
station number from which the
train was given the original

procead authority.

13,14 AD A 16 bit binary number giving
the address of the train-borne

equipment.

15,16, ™ & 7 character string allowing
17,18, for 6 train number digits
19,29, {ASCII) and a terminator (§).
21.

22 END The 'end' of the station at

which the train is allowed to
shuant, @§LlH=UP END, -GlH=DOWN

END, S5H=BOTH ENDS.

23 sTe A flag indicating whether or
not the train has been

STOPPED.

24 STPLC The number of the station at

which the train is stopped.
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BYTE NUMBER: NAME: COMMENT.
25 STPS The number of the position

at which the train is stopped.

Data stored in the trains list is only updated when a transaction
has been successfully executed. When a channel is opened with a
train the incormation from the train's beirth is extracted by the
module CRTC731X and stored under a list of variables with
subscripe 731 {i.e. M{T73l, LOC73l, ete,). This data is then
stored by CRTC751X in 2 ~ompovary Database with the subscripts
751 (i.e. MST751, LOC751 etc.). As the operator selects
pushbuttons ete. which change the values of, for example MST,
‘only the remporary values are changed. After the successful
execution of a transaction the new values are inserted into the

trains list proper by tre module CRTC722X.
1. The Stationa List.
This is stored in a table which is located by the label BUE723,

The module CRTC723X is the only module which is allowed to write

to the stations list, The table is organised as follows:




BUF7.3:
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Block of 29 bytes for the zexoth

entry ia the lList.

Block nE 20 bytes for the firest

entty in the list.

Block of 26 bytes for the second

entry in the list.

ETC,
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The stations list allows for 1 block of 29 bytes for each

station in the network plus one extra block of 24 bytes for
the zevoth block which is nok used., Bach block contains all
the information pertaininy to a station (the Eirst block is

Eor the firskt, or down end statlon etc,).

The information in each block of the staticns list is

organised as follows:

BYTE NUMBER: NAME: COMMENT .

ea UTAL 1f this value is non zero then
the station constitutes the
Autherity Limit for an UP
train. The value of UTAL is
the berth number of the train

which is responsible.

61 DTAL IE this value is non zero then
the station constitutes the
Authority Limit for a DOWN
train. The value of DTAL is
the berth number of the train

which is responsible.
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BYTE NUMBER: NAME: COMMENT.
a2 urt If this value is non zero then

the station constitutes a
throuyh station for an UP
train, The value of UTT is
the berth oumber of the train

which is responsible.

3 oTT If this value is non zero then

the station constitutes a

through station For a DOWN
train, The value of DTT is
the berth number of the train

which is responsible.

24 R21 1f position 1 is not clear and
does exist then this variable
stores the berth number of the

responsible traia,

@5 re2 If position 2 is not clear and
does exist then this variable
stores the berth number of the

tesponaihle train.




BYTE NUMBER:

13

a7

@8

@9

NAME:

Pl

P2

“C.16-

COMMENT .

If position 3 is not clear ang
does exist then this variable
stores the berth number of the

responsible train.

1f position 4 is not clear and
does exist then this variable
stores the barth number of the

responsible train.

IE position 5 is not clear and
does exist then this variable
stores the berth number of the

responsible train.

This variable stores a code
number giving pesition 1 a

*status' as described below.

This variable stores a code
number giving position 2 a

'status' as described below.

This variable stores a code
number giving position 3 a

'status’ as described below.
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BYTE NUMBER: NAME: COMMENT .
12 P4 This variable stores a code

number giving position 4 a

‘status' as described below.
13 es5 This variable stores a code
number giving position 5 2

‘status' as described below.

POSITION STATUS CODING.

value: Constant Name: pescription:
a0 Now position does not exist,
23 FULL position is occupied.
92 BKD position has been given to an

entering train.

83 CLR position is clear, or free.

The stations list is only updated when a transaction has been
guccessfully executed, The module CRTC731X is the only module
which i{s allowed to modify the stations list, When a
transaction has been executed, the module CRTC731X makes a
note of the berth number of the train with which the
transaction was execuked. It then clears all the eantries in
the stations list which were caused by that train, i.e. which
have the berth number as responsibility, The module then
inserts information into the stations list according to the

new status of the train.
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Appendix D: Operator's interface Softwars -

General Status Descrip

The variable named INST ('Instruction Status') reflects the

overall status »f the system 1n the followlnj manner:

VALUE: MEANING.

1 Channel Closed.

2 Channel Opening {i.e. the oparator has prassed '0').

3 Channsl Open (i.e. the operator has selected a radio
number) .

4 Executing a Primary Transaction.

5 Executing a Secondary Transaction,

A second 'status' variable is defined in the subroutine CRTC,
this variable is called MSTXXX (where XXX refers to the module
number whinh is responsible for writing to the variable i.e.
MST751 is written by CRTC751 etc.). The values of MST reflect

more closely the status of the system in the following manner:




2%

a2

@3

a5

13
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Uninitialised Train.

Newly opened channel, no Pbs have been pushed yet.
1 or more Train Number Digits have been pressed.

6 TN Digits have been pressed, or the operator has
pressed 'ENTER'.

Location name has been pressed,

rosition name has been pressed.

'EXECUTE' has been pressed for the train

initialisation.

v}
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36

37
32
38

68

61

62

63
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Initialised Train with No Authority.

Newly opened channel, no Pbs have been pushed yet.

'PROCEED' has been pressed,
Destination Station has been selected.

'EXECUYY® has been pressed for the proceed issuing.

"EXIT CRTC' has been pressed.

'EXECUTE' has been pressed for the exit.

'SHUNT' has been pressed,
Shunt side has been selected,

'EXECUTE' has been pressed for the shunt issuing.

"CHANGE TRAIN NUMBER' has been pressed.

1 or more TN digit has been entered.

6 TN Digits have been pressed, or the operator has
pressed 'ENTER'.

'EXECUTE' has been pressed for the change train number

transaction.



@B

@p

gE

9F

19

i1

12

13

45

47

48

55
56
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Train is in the Origin, has a Proceed Authority, and

the next Station is the Authnrity Limit,
Newly opened channel, no Pbs have been pushed yet

'EXTEND AUTHORITY' has been pressed.
New destination location has been entered.

'EXECUTE' has been pressed for the extend transaction.

‘CLEAR' has been pressed.
Entry position has been selected.

'EXECUTE' has been pressed for the entry transaction.

tNO ENTRY' has been pressed.
'EXECUTE' has been pressed for the no entry

transaction,

'REQUEST STOP' has been pressed.
Stop location has been selected.
Stop position has been selected.

TEXECUTE' has been pressed for the stop transaction.

'CANCEL PROCEED' has been pressed.

'EXECUTE’ has been pressed for the caacel transaction.
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19

49
4A

4B

57

58
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Train is in the Origin, has a Proceed Authority, and

the next Station is a through Station.

Newly opened channel, no Pbs have been pushed yet.

'EXTEND AUTHORITY' has heen pressed.
New destination location has been entered.

'EXECUTE' has bean pressed for the exteand transaction.

'CLEAR' has been pressed.

"EXECUTE® has been pressed for the clear transaction.

*REQUEST ST "' has been pressed.
Stop loca been selected.
Stop posity 18 been selected.

‘EXECUTE' bhas bean pressed for the stop transaction.

"CANCEL PROCEED' has been pressed.

'EXECUTE' hai been pressed for the cancel transaction.
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Train is in the Origin and has a Shunt Authority.

Newly opened channel, no Pbs have been pushed yet,
TEND SHUNT' has been pressed.

New position has been selacted,

TEXECUTE' has been pressed for the end shunt

transaction,

Train is approaching the Authority Limit, entry has

been given.

Newly opened channel, no Pbs have been pushed yet.
'COMPLETE' has been pushed,
VEXECJTE' has been pushed for the complete

transaction.
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Train has left the Origin, and the next station is the

penultimate one.
Newly opened channel, no Pbs have been pushed yet.

"EXTEND AUTHORITY' has been ptessed.
New destination location has been entered.

"EXECUTE' has been pressed for the extend transaction.

‘CLEAR‘ has been pressed.
sntry position has bean selected.

'"RXECUTE' has been pressed for khe entry transactioa.

'H0 ENTRY' has been pressed.
"EXECUTE' nas been pressed for the no entry

transaction.

'REQUEST 810P' has been pressed.
Stop location has been selccted,
Stop position has been selected,

'EXECUTE' has been pressed for the stop transaction.

"CANCEL PROCEED' has been pressed.

'EXECUTE' has been prassed for tle cancel transaction.
.
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Train has left the Origias, and the next §tatien is a

through Station.
Newly opened channel, no Pbs have been pushed yet.

'EXTEND AUTHORITY' has been pressed.
New destination location has been entered.

'EXBECUTE' has been pressed for the extend transaction.

'CLEAR' has been pressed,

'EXECUTE' has been pressed for the clear transaction.

TREQUEST 9TOP' has been pressed,
Stop location has been selected,
Stop position has been selected.

"EXECUTE' has been pressed for the stop lransaction,

"CANCEL PROCEED' has been pressed.

"EXECUTE' has been pressed Cor the cancel transaction,

e
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The Channel is c¢losed, and no train enquiry is active.

No Pbs have been pressed.

'3ET BLUCK X' has been pressed.

Block X location has been selected,

Block X positicn has been selected.

'EXECUTE' has been pressed for the set bleck X

transaction.

'CLEAR BLOCK X' has been pressed.
Block X number has been selected.
‘*EXECUTE' has been pressed for the clear block X

toausaction,
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