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OBJEKTOVO ORIENTOVANY MODEL ZELEZNICNEHO

ZABEZPECOVACIEHO SYSTEMU

AN OBJECT ORIENTED MODEL OF A RAILWAY SAFETY-RELATED CONTROL SYSTEM

Existuje rad metod a foriem pouZitelnych na tvorbu specifikdcii
Zeleznicnych zabezpecovacich systémov alebo ich podsystémov. Napisat
vwhovujiicu technickii Specifikdciu znamend vytvorit model s poza-
dovanou uroviiou presnosti, jasny a tisporne vyjadreny, ktory neob-
sahuje biele miesta a/alebo rozpory. Jednom z moznych foriem
vhodnych na tvorbu takychto modelov je unifikovany modelovaci jazyk
UML (obchodnd znacka spolocnosti OMG). V clanku sii prezentované
skiisenosti a poznatky autorov, ktori pracujii nad prepisom neformdinej
Specifikdcie nového Zeleznicného zabezpecovacieho systému do objek-
tovo orientovaného modelu zalozeného na UML. Hlavnd pozornost
Jje venovand fazam analyzy a ndavrhu. Vysledkom prvej fazy su dia-
gramy pripadov pouZitia a sekvencné diagramy, vysledkom druhej fazy
diagramy tried/objektov a stavové diagramy. Syntax uvddzanych dia-
gramov je v sitlade so Standardom UML ver. 1.2, v po-dobe pouZitej
SW ndstrojom Rhapsody’ ver. 2.2 (obchodnd znacka spolocnosti I-
Logix). Na zdver sii zhrnuté skiisenosti a vwhody prezentovaného pri-
stupu.

Kliicové slova: UML, Specifikdcia, objektovo orientovany, model,
zeleznica

1. Uvod

Proces riadenia bezpe¢nosti pozostava z mnozstva faz a €in-
nosti, ktoré spolu vytvaraju Zivotny cyklus bezpeénosti. V procese
vyvoja systému je potrebné vytvorif model, ktory umozni preskusat
komplexnost a bezchybnost Specifikacie a umozni odstranit pri-
padné biele miesta alebo protirecenia v neformalnej Specifikacii.
Vseobecne plati, Ze prirodzeny jazyk alebo iné neformalne zapisy
maju vela nevyhod, ak su pouzité na technické opisy. Model
systému realizovany na baze poloformalnych a formalnych metod
napomaha ku tvorbe jednoznacnych a logickych opisov najméa funk-
¢nych vlastnosti systému [1]. Jednym z nastrojov vhodnych na
tvorbu takéhoto modelu je UML [2]. UML reprezentuje ststavu
technik modelovania [ 3], ktoré sa osved¢ili pri tvorbe rozsiahlych
systémov a stava sa obltibenym, pretoZe vyrazne zefektiviiuje a skva-
lithuje proces navrhu, vyvoja a schvalovania novych zabezpecova-
cich systémov. Takyto pristup k vyvoju systému je v plnej zhode
s poziadavkami europskych noriem pre zelezni¢né aplikacie, napr.
[4]. Diagramy prezentované dalej v texte boli prekreslené z povod-

There is a variety of methods and formalisms usable for writing
specifications of railway interlocking and signalling systems or their
subsystems. To write a consistent technical specification means to
make a model with a required level of precision, clarity and economy
of expression that is free of unknown spots and/or conflicts. One of
possible formalisms suitable for making such models seems to be the
Unified Modeling Language’ (trademark of OMG). The paper presents
experience and knowledge of authors who have worked over transcrip-
tion of informal specification of a new railway interlocking and sig-
nalling system into the UML based object-oriented model. The main
attention is paid to analysis and design phases. The former phase
results in use case diagrams and sequential diagrams, the latter in
class/object diagrams and statechart diagrams. The syntax of the dis-
cussed diagrams is in accordance with the UML ver. 1.2 as given by
the software tool Rhapsody’ ver. 2.2 (a trademark of I-Logix). Expe-
riences and advantages resulting from the presented approach are
summarised within conclusions.
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1. Introduction

The safety management process consists of a number of phases
and activities that are linked to form the safety life cycle. During the
system development process there is necessity to make a model
that enables testing of complexity and soundness of specification
and that allows removing possible unknown spots or conflicts
included in an informal specification. Generally, natural languages
and similar informal notations are said to have many disadvantages
when used for technical descriptions. The system model realised on
the basis of semiformal or formal methods helps to develop unam-
biguous and logical descriptions of mainly functional properties
of the system [1]. One of the formalisms suitable for making such
a model is the UML [2]. The UML represents a set of modelling
techniques [3] approved in development of complex and large-scale
systems and becomes popular since it makes the process of analy-
sis, design, safety approval and acceptance more effective and qual-
itative. This approach to system development fully complies with
requirements defined in the European Standards applicable to
railway applications, e.g. [4]. Diagrams presented later in the paper
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ného SW nastroja pomocou textového procesora kvoli lepsej Cita-
tel'nosti. V ¢lanku je prezentovany objektovo orientovany pristup
pri modelovani ¢innosti tratového zabezpecovacieho zariadenia.

2. Zjednodusena neformalna Specifikacia
funkénych poziadaviek

Sposob technického riesenia daného problému zavisi do znac-
nej miery od maximalnych poziadaviek na konfiguraciu kolajiska
(maximalny pocet tratovych kolaji, maximalny pocet tratovych
oddielov, umiestnenie vleCiek a odbocujucich miest na trati atd.)
a od prevadzkovych poziadaviek zakaznika. Tie su spravidla defi-
nované narodnymi predpismi a normami.

Model je vyvinuty pre jednokolajnu konvenénu trat, bez prie-
cestnych zabezpeCovacich zariadeni, ktora je rozdelena na pevné
trafové oddiely (obr. 1). Na hraniciach tratovych oddielov sa nacha-
dzaju trojsvetlové navestidla. Dizka tratovych oddielov je taka, aby
oddielové navestidlo mohlo byt zlucené s predzvestami pre nasledu-
juce oddielové navestidlo. V zakladnom stave svieti na oddielovych
navestidlach pre zadany smer dopravy zelené svetlo, s vynimkou
posledného navestidla, ktoré plni funkciu predzvesti a kde svieti
7Zlté svetlo. Na oddielovych navestidlach pre nezadany smer nesvieti
Ziadne svetlo. Vol'nost trafovych oddielov moze byt zistovana kola-
jovymi obvodmi alebo pocitacmi osi.

Railway line point
(railway station)

HOO®

Railway line point
(signal point)
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were redrawn from the original SW tool using the word processor
to get better readability. The paper deals with an object oriented
approach applied to modelling of operation of the safety-related
section blocking system.

2. A simplified informal specification of functional
requirements

The way of technical solution of the given problem consider-
ably depends on maximum requirements for tracks configuration
(maximum number of line tracks, maximum number of line sec-
tions, location of industry tracks and branching-off points, etc.)
and on a customer’s operational requirements. They are usually
defined by national standards and regulations.

The model is designed for a conventional single line without
level crossing installations that is sectioned to fixed line sections
(Fig. 1). At the boundaries of line sections there are three-aspect
signals installed. The length of each line section is determined in
such a way that the function of each block signal can be integrated
with the function of a distant signal for the subsequent block signal.
By default, there is a “proceed” aspect at every block signal (green
light on) for the given direction of traffic, except for the last block
signal performing the function of an entry distant signal (yellow
light on). There are no signal aspects given (lights off) at the block
signals for the undefined direction of traffic. Vacancy of line sec-
tions can be monitored by track circuits or axle counters.

Railway line point
(_industry lin¢)
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=
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Obr. 1. Priklad konfigurdcie trate

Fig. 1. Example of the

Na trati moze byt situovanych niekol'ko vleciek. Vlaky na vlecku
mozZu byt vypravované z obidvoch stanic, taktiez vlaky z vlecky
mozu odchadzat do obidvoch stanic. Treba uvazovat aj situaciu,
Ze vlak je na vlecku vypraveny z jednej stanice a z vlecky odchadza
do druhej stanice alebo na int vleCku. V kazdom pripade vSak ide
o rieSenie s uvolnenim tratovej kolaje.

railway line configuration

Several industry lines may be connected to the (main) line.
Trains directed at industry lines may be dispatched from each of
the indicated railway stations and the other way round. The situa-
tion when a train is dispatched from one station to the industry
line and from there further on to the next railway station or indus-
try line has also to be considered. Anyway, each solution assumes
making the line vacated.
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3. Formalny opis statickej Struktury

Pri tvorbe objektovo orientovaného modelu uvazovaného sys-
tému je zakladnou poziadavkou pouZitie jedného modelu pre kto-
rykolvek druh tratového bodu. Tento predpoklad usti do generického
diagramu tried, ktory znazornuje zjednoduSenu staticku Struktiru
modelovaného systému (obr. 2). Struktura zariadenia v kazdom
trafovom bode je potom taka ista, pricom pocet jednotlivych objek-
tov zavisi od typu tratového bodu, topologie jeho kolajiska a tech-
nologie dopravnych prac. Package Trat obsahuje triedu cLogTs.
Z tejto triedy je generovany taky pocet objektov oLogTs, ktory zod-
poveda poctu tratovych kolaji spolupracujtcich s tratovym bodom.
Objekt oLogTS vytvara logické zavislosti suvisiace so spolupracou
trafovych bodov pri jazde vlakov v tratovych usekoch, okrem vazby
medzi navestidlami (vdzba hlavné navestidlo a jeho predzvest).
Package Cesta obsahuje triedu cLogCesta generujucu jeden objekt
oLogCesta a triedu cLogVlakCesta generujucu objekt oLogVlakCesta
pre kazdi moznu vlakovu cestu na tratovom bode. Analogicky je
triedou cLogPosun generovany pocet objektov zodpovedajuci poctu
posunovych ciest. Objekty package Cesta vytvaraju logické viazby
medzi prvkami kolajiska tak, aby bol zaisteny bezpecny pohyb
vlaku v ramci prislusného tratového bodu ¢i uz pri posunovych
pracach alebo pri vlakovych cestach. Package Prvok obsahuje logické
vézby na riadenie a kontrolu jednotlivych prvkov v kolajisku (naves-
tidla, prestavniky vyhybiek, technické prostriedky na zistovanie
vol'nosti kolajovych tsekov, elektromagnetické zamky atd’) a tiez
riesi problematiku vizby medzi navestidlami. Package Komunikd-
cia umoznuje prenos informacii medzi zariadeniami jednotlivych
tratovych bodov. V diagrame st z dovodu prehladnosti zobrazené
len tie relacie, ktoré sa vyuzivaju pri ¢innostiach opisanych dalej
v ¢lanku.

LogLinePoint |

3. Formal description of the static structure

Creating an object-oriented model of the considered system,
the fundamental requirement is to use one model for any kind of
the line point. This precondition results in a generic class diagram
showing a simplified static structure of the modelled system (Fig.
2). The structure of the equipment in each line point is then the
same whilst a number of particular objects depends on a kind of the
line point, tracks topology and technology of shunting work. The
package Line contains the class cLogSLP. This class generates such
a number of objects 0LogSLP that is equal to a number of line
tracks co-operating with the line point. The class cLogSLP creates
logical dependencies related to cooperation of line points when
trains are running along the line sections, except for signal-to-signal
relation (relation between a block signal and its distant signal). The
package Route contains the class cLogRoute generating one object
oLogRoute and the class cLogVlakCesta generating one object oLog-
MainRoute for each possible main route at the line point. By analogy,
corresponding number of objects oLogShuntRoute is generated by
the class cLogShuntRoute for shunting routes. Objects of the package
Route make logical dependencies among track area elements in
order to ensure safe train running within a relevant line point -
both for shunting and main routes. The package Element contains
logical dependencies for control and monitoring of individual ele-
ments installed in the track area (signals, point operating devices,
technical means used to monitor vacancy of track sections, elec-
tromagnetic locks, etc.) and also solves the problem of signal-to-
signal relation. The package Communication makes information
transmission between equipment of particular line points possible.
For the sake of comprehensibility only those relations are shown
that are necessary for activities discussed later in the paper.

Route |
ml cLogRoute

1 1

cLogSwitch - =
cLogMainRoute cLogShuntRoute
cLogSignal x
Line * Communication
cLogLock
*
cLogTS

cLogSection Gl : = - cComModul

Obr. 2. Statickd struktiira modelu (vysek z diagramu tried)
Fig. 2. Static structure of the model (extract from the class diagram)
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4. Spolupraca tratovych bodov pri zmene
tratového suhlasu

Riadenie dopravy v tratovom useku si vyzaduje vymenu infor-
macii medzi jednotlivymi zariadeniami umiestnenymi na tratovych
bodoch. V zakladnom stave jedna stanica moze stavat odchodové
cesty (t. j. vysielat vlaky na traf, lebo ma udeleny tratovy stuhlas
(TS)) a druha spolupracujica stanica moze stavat len vchodové
cesty (prijimaf vlaky z trate, lebo nema udeleny TS a ma bloko-
vané odchodové navestidla pre danu traf). Stanica s udelenym TS
smie vysielat vlaky na traf bez toho, aby pre kazdy vlak opitovne
Ziadala TS. Spolupracujica stanica, s blokovanymi odchodovymi
navestidlami, poziada o TS automaticky pri pokuse o postavenie
odchodovej cesty. Pri stavani odchodovej cesty sa kontroluje pri-
tomnost TS (udalost evStKontrolaTS). Ak TS nie je udeleny, auto-
maticky sa ziada o zmenu smeru jazdy vlakov v tratovom tseku
(udalost evStZiadanieTS). Podmienkou pre vyslanie Ziadosti o ude-
lenie trafového suhlasu su zablokované odchodové navestidla pre
danu traf (na navestidle sa dava navest zakazujlca jazdu) v stanici,
ktora zZiada o TS a volny tratovy usek medzi spolupracujucimi sta-
nicami. Ziadost o udelenie TS sa prenasa postupne z jednej stanice
cez jednotlivé tratové body az od druhej stanice. V stanici, ktora
prijala Ziadost o TS, sa zablokuji odchodové navestidla pre dant
trat v polohe zakazujlcej jazdu vlaku a vyda sa povel na udelenie
TS pre stanicu, ktora on Ziadala. Informacia o udeleni TS sa opéat
prenasa postupne od jedného tratového bodu k druhému tratovému
bodu spit do spolupracujucej stanice. Pri jazde vlaku v tratovom
useku sa vysiela z jedného tratového bodu (alebo stanice) informa-
cia o jazde vlaku (tzv. odhlaska) do predchadzajuceho tratového
bodu (alebo stanice) za predpokladu, Ze bol zaznamenany vjazd
vlaku na tratovy bod, Ze tratovy oddiel medzi tymito dvoma trato-
vymi bodmi je volny a navestidle pre dany smer jazdy sa dava
navest zakazujuca jazdu vlaku. Okrem tychto zakladnych informa-
cii treba prenasat medzi susednymi tratovymi bodmi informacie
o stave tratového oddielu (voI'ny, obsadeny) a informacie o stave
navestidiel (vdzba medzi hlavnym navestidlom a jeho predzves-
tou).

Na zaklade tejto jednoduchej ne-
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4. Co-operation of line points when changing single
line permission

Traffic control within the line section needs information
exchange between individual equipment installed at line points. By
default one railway station may set outgoing routes (i.e. dispatch
trains to the line because of having single-line permission (SLP)),
while the other co-operating railway station may set only entry
routes (i.e. accept trains from the line because of having no SLP
and due to blocked departure signals). The railway station having
SLP may dispatch trains to the line without any re-asking for the
permission if once granted. The co-operating station with blocked
departure signals asks for SLP automatically when attempting to
set a departure route. In the process of setting a departure route
existence of SLP is tested (event evStCheckSLP). If SLP is not
granted, request for change of traffic direction is automatically gen-
erated (event evStRequestSLP). Request can successfully be trans-
mitted provided that the relevant departure signals in the request-
ing station are blocked (having stop aspect) and the line between
both co-operating stations is vacated. Request for SLP is then
transmitted from the requesting station through the line points
successively as far as to the other station. The station, that has
accepted the request, blocks its departure signals (having stop
aspects) and transmits SLP to the requesting station. This infor-
mation is again transmitted through line points back to the other
co-operating station. When a train runs inside the line section,
information called “return indication” is transmitted from one line
point to the previous one provided that occupation of the block
section was detected, the section between these two points has
become vacated and the relevant signal (signal for a given traffic
direction) is at stop. In addition, information on the state of line
sections (vacated, occupied) and the state of block signals (result-
ing from “distant signal - signal” relationship) also has to be trans-
mitted.

On the base of such a simple informal specification the
sequential diagram can be designed (Fig. 3) showing interactions
between objects (0LogSLP, oLogRoute, oLogMainRoute, oCom-
Modul) for the model of the

formalnej Specifikacie mozno vytvorit
sekvenény diagram (obr. 3), ktory

LineLogic [ ApplicationSelection ]4—.

line point - railway station.
Each sequence shows how

znazornuje interakcie medzi objektmi
(0LogSLP oLogRoute, oLogMainRoute,

the participating objects
communicate by passing

oKomModul) pre model tratového
bodu - stanica. Kazda sekvencia uka- v

[aApplication==STATION] /é\ [aApplication==SIGNALPOINT]

messages to each other over
time as reaction to chang-

[aApplication==INDULINE]

zuje, ako zucastnené objekty komuni- [ Station... J

[ IndustryLine... ]

ing SLP. Only four possible

A
SignalPoint...

kuju odovzdavanim si sprav jeden dru-
hému v Case ako reakciu na meneny
TS. Zobrazené su iba §tyri scenare,
hoci by bolo mozné pridat mnohé dal-
Sie. Na obrazkoch 4 a 5 su zobrazené stavové diagramy opisujuce
spravanie sa triedy cLogSLP na tratovom bode ,stanica“ (prislus-
né objekty dedia stavové diagramy po svojich triedach). Vyber
tratového bodu zavisi od hodnoty atributu aAplikacia (obr. 4).
Tento vyber je nevyhnutny, pretoZe existuju niektoré jedinecné
vlastnosti konkrétneho trafového bodu, ktoré nie je mozné zo-
vseobecnit pre vsetky tratové body.

Obr. 4. Stavovy diagram triedy cLogTS
Fig. 4. Statechart of the class cLogSLP

scenarios are shown, how-
ever, many others could be
added. Figures 4 and 5
show statechart diagrams
describing behaviour of the class cLogSLP at the line point “sta-
tion” (relevant objects inherit statechart diagrams from their
classes). Selection of the kind of line point depends on the value
of the attribute aApplication (Fig. 4). This selection is necessary
because there are some unique properties of a particular line point
that can’t be generalised for all kinds of line points.
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oLogRoute: oLogMainRoute: oLogSLP:Line:: oComModul:
Route::cLogRoute Route::cLogMainRoute  cLogSLP Communication::cComModul
- single i
Setthg route: single-line evStCheckSLP(Soufce)
permission is transmitted.
SingleLinePermisysionTransmitted <_| >
evStPermissionSLP()
Setting route: single-line evStCheckSLP(Souilce)
permission was not
transmitted; railway
station sends request to SingleLinePermisssignNotTransmitted <_| >
cooperating station; it
transmits permission. evStRequestSLP(Soprce)
SingleLinePdrmissionRequest <_| > evTelegramT(Data)
tm(aSLP) evTelegramR(Data)
evStiTransmissSLP()
SingleLinePermisgsionTransmitted <>
epStPermissionSLP()
Settlpg Foute: single-line evStCheckSLP(Soufce)
permission was not
transmitted; railway
station sends request to SingleLinePermisssi¢nNotTransmitted <>
cooperating station; it
refuses to transmit evStRequestSLP(Sopirce)
permission.
SingleLinePdrmissionRequest <_| > evTelegramT(Data)

SingleLinePermisssi

nNotTransmitted <_

evTelegramR(Data)

evStRefusalSLP()
Cooperating station sends evTelegramR(Data)
request for single-line evStRequestSLP(Source)
permission - this request is
accepted. <> SingleLinePermikssionTransmitted
evRouteCheck (Source

4 | .

evRoutePermission( <> RouteConditionCheck

CvIoufer ermissionyy

| evStTransmissionSL.P(Source)
¢vTelegramT(Data)
SingleLinePermisssignNotTransmitted <_| >

Obr. 3. Sekvencny diagram - realizdcia funkcie tratového siuhlasu (TS)

Fig. 3. Sequential diagram - performing the function of single-line permission
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Po inicializacii (proces inicializacie nie je podrobne znazor-
neny) objekt 0LogTS.Stanica prejde do stavu UdelenyTratovySuhlas
(v stanici, ktora prva poziadala o TS za predpokladu, Ze st splnené
podmienky na udelenie TS) alebo do stavu NeudelenyTratovySuhlas
(v stanici, ktora bola pozZiadana o TS a na Ziadost odpovedala
kladne). Obdobna ¢innost prebehne aj na ostatnych tratovych bo-
doch a tym sa zadefinuje smer dopravy. Stav UdelenyTratovySuhlas
obsahuje substavy Necinnost, BlokovanieStanica, BlokovanieVlecka.
Objekt sa nachadza v substave BlokovanieStanica, ak ,pouziva®
TS pre odchodovu cestu. Tento substav mdzZe objekt opustit az
po prijme odhlasky (evStOdhlaska) od susedného tratového bodu
v smere jazdy vlaku. V substave BlokovanieVlecka sa objekt nacha-
dza vtedy, ak sa uskutoc¢nuje odchod vlaku z vlecky, ku ktorému
dala stanica suhlas (evVISuhlasTS). Po odchode vlaku z vlecky
a uvolneni tratového useku (v ktorom sa vlecka nachadza), sa
z vlecky vysiela signal odhlaska (evVIOdhlaska). Po prijme tejto
spravy moze byt TS pouzity pre inu vlakovu cestu. Ak operator
vyda prikaz na postavenie odchodovej cesty a stanica nema udeleny
TS (objekt oLogTS.Stanica je v stave NeudelenyTratovySuhlas), tak
po prijme spravy evStKontrolaTS objekt zistuje volnost k nemu pri-
slichajuceho tratového useku (relacia itsUsek a sprava jelolny). Ak
je usek vol'ny, Ziada spolupracujucu stanicu o udelenie TS (vysiela
spravu evStZiadanieTS k susednému tratovému bodu v smere pred-
pokladanej jazdy vlaku; od tohto tratového bodu je poziadavka na
TS vysielana k nasledujuicemu tratovému bodu, aZ sa dostane do
susednej stanice) a prechadza do stavu ZiadanieOTratovySuhlas.
Ak je usek obsadeny, vracia objektu oLogVlakCesta spravu evStNe-
suhlasTS a stavanie cesty sa ukon¢i. V pripade kladnej odpovede od
susednej stanice vracia objektu oLogVlakCesta spravu evStSuhlasTS
a prechadza do stavu UdelenyTratovySuhlas. Ak je odpoved na
Ziadost negativna (evStOdmietnutieTS) alebo neprisla v stanovenom
Case ziadna odpoved (tm(aTS)), prechadza objekt naspét do stavu
NeudelenyTratovySuhlas. Ak je stanica poziadana o udelenie TS
(prijala spravu evStZiadanieTS) a TS sa ,,nepouziva“ ani pre odcho-
dovu cestu a ani pre odchod vlaku z vlecky, potom objekt 0LogTS
vysiela objektu oLogCesta spravu evKontrolaCesta a prechadza do
stavu KontrolaPodmienokCesta.

Ak na odchodovych navestidlach pre danu trat svieti zakazu-
juci navestny znak a nie je v stanici postavena (ani sa neuskutoc-
nuje) Ziadna cesta, ktora by zasahovala na trat, da objekt oLogCesta
suhlas na odovzdanie TS (evSuhlasCesta). Ak objekt 0LogTsS prijal
spravu evSuhlasCesta a tratovy Usek je volny, vysle spravu evStO-
dovzdanieTS a prejde do stavu NeudelenyTratovySuhlas. Ak niektora
z uvedenych podmienok nie je splnena, tak objekt ziadost o suhlas
zamietne (evStOdmietnutieTS) a vrati sa do stavu UdelenyTratovy-
Suhlas.

5. Zaver
Za hlavny prinos vyplyvajuci z pouzitia objektovo orientova-
ného modelovania na navrh Zelezni¢nych bezpecnostne relevant-

nych systémov mozno povazovat nasledovné:

o vytvara vhodné a ucinné prostredie pre komunikaciu ¢lenov
timu, ktori pracuju nad projektom (modularita)
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After initialisation (the process of initialisation is not depicted
here in details) the object 0LogSLP Station gets to the state Single-
LinePermissionTransmitted (in the station that first asked for SLP
and that satisfied conditions for transmitting it) or to the state Sin-
gleLinePermissionNotTransmitted (in the station that was asked for
SLP and replied in the affirmative). Similar activity will also take
place at other line points and thus the traffic direction becomes
defined. The state SingleLinePermissionTransmitted includes the
states Idle, StationBlocking and IndustryLineBlocking. The object
gets to the sub-state StationBlocking if SLP is “used” for a depar-
ture route. This sub-state may be left only when return indication
was received (evStReturnlnd) from the adjacent line point in the
direction of train running. The object is in the sub-state Industry-
LineBlocking when a train is to leave the industry line and the
station has given permission for this operation (evl/PermissionSLP).
After the train left the industry line and the line section (contain-
ing connected industry line) became vacated, return indication is
sent from the industry line (evl/Returnind). Having received this
event SLP may be used for another main route. If an operator
gives order to set a departure route and the station has no SLP
(object oLogSLPStation is in the state SingleLinePermissionNot-
Transmitted) then having received the event evStCheckSLP the object
tests vacancy of the relevant line section (relation itsSection and
message isVacant). In case the section is vacated, it sends request to
the co-operating railway station for transmission of SLP (message
evStRequestSLP is sent to the adjacent line point in direction of
planned train running; from this line point the request is forwarded
to the next line point as far as it reaches the co-operating station)
and gets to the state SingleLinePermissionRequest. In case the section
is occupied, it returns the message evStRefusalSLP to the object
oLogMainRoute and the attempt to set the route is over. In case of
positive answer from the co-operating station the event evStPer-
missionSLP comes back to the object oLogMainRoute and the
class gets to the state SingleLinePermissionTransmitted. In case of
a negative answer (evStDenialSLP) or no answer received within
an expected time (zm(aSLP)) the object gets back to the state Sin-
gleLinePermissionNotTransmitted.

If the station is asked to transmit SLP (message evStRequest-
SLP was received) and SLP is “used” neither for a departure route
nor for departure of a train from the industry line then the object
oLogSLP sends a message evRouteCheck to the object oLogRoute
and gets to the state RouteConditionCheck. If the relevant departure
signals are at stop and there is no route set which could have effect
on the line (and no setting is under process) the object oLogRoute
permits transmission of SLP (evRoutePermission). If the object oLog-
SLP received the message evRoutePermission and the line section
is vacated it sends message evStTransmissSLP and gets to the state
SingleLinePermissionNot Transmitted. If some of the given conditions
is not fulfilled the object denies the request for SLP (evStDenialSLP)
and gets back to the state SingleLinePermissionTransmitted.

5. Conclusions
The main contribution resulting from applying an object-ori-

ented modelling to the design of railway safety-related systems can
be seen as follows:
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Station

[IS_IN(Idle)]/itsLogRoute->
GEN(evRouteCheck(this))
] evRoutePermission

@ > [ RouteConditionCheck | > N

evRouteRefusal/ [!itsSection->isVacant]/itsComModul-
FVStRequeStSLP itsComModul-> GEN(evStDenialSLP(this))
GEN(evStDenialSLP(this))

[else]/itsComModul->
GEN(evStDenial SLP(this))

v [itsSection->isVacant]/itsComModul->
GEN(evStTransmissSLP(this)

@gleLinePermissionTransmitted
J 4—Em Initialisation... I 2 I]

[ StationBlocking

A y YV _ evIiCheckSLP
—}[SingleLinePermissionNotTransmitted i
evStRoute evStReturnInd )
[aRequier== COOPERIL]/ 4 4 4
v itsComModul->
[ Ldle ]4_‘ GEN(evIIRefusalSLP(this))
r'y [aRequier==COOPERSTY}/
itsLogMainRoute->
GEN(evStRefusalSLP())
evIIReturnind [aRequier— COOPERIL)/
+ itsComModul->
< GEN(evIIRefusal SLP(this))
IndustryLineBlocki
[ IAuSiymeiocking ] :__ [aRequier—COOPERST}/
A itsLogMainRoute->
4 GEN(evStRefusalSLP())
eVliCheckSLP <®_ ¢vStCheckSLP/
A itsLogMainRoute=
>
[else]/itsComModul-> arams->Source
GEN(evIIRefusalSLP(this)) @

C tm(aSLP) 2/ [!itsSection->isVacant]/
[IS_IN(Idle)}/itsComModul-> itsLogMainRoute->
GEN(evlIIPermissionSLP(this)) evStDenialSLP GEN(evStRefusalSLP())

e [itsSection->isVacant]/
evStCheckSLP [aRequier== COOPERILY/ || 1} c.omModul->GEN
itsComModul->GEN SIR. {SLP(this)):
(evIlPermissionSLP(this)) (ev eques (this));
[IS_IN(Idle)]/(params->Source)-> aRequier=COOPERST
C GEN(evStPermissionSLP())
O [ SingleLinePermissionRequest ]
itsSection->isVacant]/
[else]/(params->Source)-> evStTransmissSLP i[t sComModul-> ]
GEN(evStRefusalSLP()) C )« GEN(evStRequestSLP(this))
- aRequier= COOPERIL
dl
.

[aRequier==COOPERST]/itsLogMainRoute->

GEN(evStPermissionSLP()) [!itsSection->isVacant]/itsComModul->
GEN(evIIRefusalSLP(this))

Obr. 5. Stavovy diagram triedy cLogTS.Stanica
Fig. 5. Statechart of cLogSLP Station
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« zjednodusSuje proces navrhu softvéru (vyvojovy proces redukuje
celkovy vyvojovy Cas urCeny pre softvérové inzinierstvo)

« podporuje Specifikacie, ktoré su nezavislé od konkrétnych prog-
ramovacich jazykov a vyvojovych procesov

« $pecifikacie su Citatelné a zrozumitelné pre ostatné subjekty
zaclenené do procesu posudzovania a schvalovania bezpecnosti
aplikacie

« unifikuje principy a postupy pouzité na vytvaranie dokumenta-
cie pre elektronické bezpecnostne relevantné systémy (s moz-
nostou automatického generovania dokumentov)

« udrzba modelov pri napredovani projektu je ovela lahsia ako
v pripade jednoduchych nakresov.

Nastroje zaloZzené na UML maju ¢asto implementované kon-
trolné mechanizmy, ktoré dovoluju vybrat, na ktoré vlastnosti ma
byt model alebo jeho Cast zamerané. Verifikacia funkcnej spravnosti
tiez moze byt testovana animaciou vytvoreného modelu. Platnost
vsetkych uvedenych prednosti bola potvrdena praktickou realiza-
ciou modelu funkcii, ktory bol vytvoreny pre novy Zelezni¢ny zabez-
pecovaci systém vyvijany nemeckou firmou Scheidt&Bachmann.
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» Creates a sound and efficient environment for communication
of team members working over the project (modularity)
Simplifies the design process of SW (the development process
reduces the overall software engineering development time)
Supports specifications that are independent on particular pro-
gramming languages and development processes
Specifications are readable and understandable for other sub-
jects involved in the process of safety assessment and approval
« Unifies principles and procedures used to create documentation
for electronic safety-related systems (with possibility of auto-
matic document generation)
« Maintenance of models as the project progresses is far easier
than in the case of simple drawings.

The UML based tools have often checking mechanisms imple-
mented that allow to select checks to be performed on the model
or a part of it. Verification of the functional correctness can also be
tested by animation of the created model. All declared merits have
been validated by practical realisation of a function model that has
been designed for a new railway safety-related system being under
development by the German company Scheidt&Bachmann.
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