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Multi-discipline simulation of light rail transit system
using object oriented method

Sang Gi Chung*, Rag Kyo Jeong**, Seok Yoon Han***

ABSTRACT

Most rail system related simulators currently used are designed to simulate only one discipline system. This
obviously assumes the other discipline systems are running regularly not being affected by the system being
simulated. In this paper a multi discipline simulator is proposed and its design concept is presented. A multi

“discipline simulator is the simulator in which major subsystems with different technical discipline are simulated

.~simultaneously. The advantage of the simulator is in that it makes it possible to analyze the systems behavior
while other discipline system vary. With this we can identify the possible multi-discipline problems and even
find their solutions. A proto type simulator has been developed using object oriented programming. Object
concept was judged best suitable to model the various multi-discipline self-controlling railway subsystems. It was
applied to the target system, which is under development by the Korea Railroad Research Institute. The test
results shows it is very useful in design verification. It could also be a good tool in research and development
work to improve the system.

Key Words : Simulator(~ &3 ] E1), Power Supply(d &FF A28, Signalling(21EA] 28,
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¥ 2 0CC 9y ¥ & {5
class OCCs
{
public:
OCCs();
~“OCCs():
void processOCCQ);
void readOCCData();
void setToReserve(int);
/ ERGe mHF FF-> 7]1A]
int getUpTrackFirstTrainNo();
/AR 3 dA dAMEE return
int getUpTrackLastTrainNo();
/A ek AU EE return
int getDownTrackFirstTrainNo();
// 38 R EAHMEE return
int getDownTrackLastTrainNo();
// 88 kARt AWM S E return
private:
int UpTrackFirstTrainNo,//4-84 R #H# 43
UpTrackLastTrainNo,//4 314 vbz] 9t 4
DownTrackFirstTrainNo,//3t 3§41 3 44
DownTrackLastTrainNo;//3- 3 41wk 2} d &}
float HeadWay, // 13
CrossTime, // R AR
LastUpTrackDispatchTime,
V& & il Sk R R
LastDownTrackDispatchTime;
V& R S i B i By
void dispatchUpTrackTrain();
VA B
void dispatchDownTrackTrain();

/7 syl vk

void storeOCCData();

// OCC dolg 7%
void initialize(); // %713}
I3
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I 4 ATP Class ®in| g4 9l sl
class ATPs

{

public:

void processATP();
void setUpTrackFirstTrainNo(int );
/73 R EA AA
void setDownTrackLastTrainNo(int );
/88 A epA T Eak A3
void setUpTrackLastTrainNo(int );
/A shAE I AR
void setDownTrackFirstTrainNo(int );
/aEa R 43 AA
private:
int UpTrackFirstTrainNo// 484 A 43
UpTrackLastTrainNo,// 484 A= 3
DownTrackFirstTrainNo, /884 3 €
DownTrackLastTrainNo; //3-3) 4 vbxl= dab
ATPTrains ATPTrain[MAXTRAIN];
// ATPTrain Array
void initialize ATPTable(); // =718
void initializeATP(); // Z7]13}
void getTrainData(); /242 @A A &%
void checkUpTrackTrainData();
/) AREE A oF HH
void checkDownTrackTrainData();
/o AREE 9w o8 HAY
void setTrainData();
/AT W agRA
void calculate ATPSpeed();
/o AEEE A
void storeATPData(); // ATP FB & AF
float findTrackSpeedLimit(float);
/) ARz ofF AFEE
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I 6 Station ClassQ| Wl b= o) sk

class Stations {
public:
Stations();
~Stations();
float getLocation(); // G4} 915
void setLocation(float); // SAFIR)
void setDwell(float); // #H& AT
void setWPassengerIncreaseRate(float); o 7} %2
void setUnloadFactor(float % // 83 &
void setld(int); // 9AF ID A4
void setArrivingPassengerNo(int );
void setDoorOpen();
void setDoorClose();
void processStation();
int getWaitingPassengerNo();//% dl7ig A
int getWPassengerincreaseRate():,//9 Ul 71 & A 5 71&
bool isTrainInStation();
void setTrainInStation(int); // 44 g 3a
void resetTrainInStation(); // @ HeliA &
void initializeAgain(); &7]3
void setLoadingRate(); // 29 A% $A44%
void setUnloadingRate(); // #2258 i &%
void printStationPassenger(); //
private:
int Id,
Trainld, /E233t2 A 44 HE
ArrivingPassengerNo, // %3 X} o] assign
MaxWaitingPassengerNo, /3 W & di7|42
UnloadingRate, // 2% el salsle 25
LoadingRate, // &% Aol @t 4%
UnloadFactor;
float
ArrivalTime, // €9 4 &A1
DepartureTime, //2xk2) 9 %Az
MinDwell, // 4 o HAAAZH
DwellTime, // & A&
MaxTime, //
‘WaitingPassengerNo,
WPassengerlncreaseRate, /% th71$2] $71&
Loc; § 934
bool TrainInStation, // one train stays in the station
DoorOpen, // X% Door Open %<1
LoadingEnd, // &3¢k
UnloadingEnd; // &3 ¢t
void createPassenger(); 9 dlzl&2e] F7
void givePermissionToLeave(); // 9a &&87}
void unloadPassenger(); %2} 8ha}A}#l
void loadPassenger(); 2 %324
B
I 7 £51AF Hlo]= o2l Unload Factor
o{Ai3 | Origin Nohr Destination | Unload Factor
ST g No.Jhr [%]
0 522 0 0
1 342 14 2.68
2 456 34 40
3 612 184 14.47
4 245 222 13.06
5 154 658 3819
6 122 532 43.64
7 58 448 55.38
8 66 362 86.4
9 7 88 7154
10 0 42 100.
Al 2,584 2,584
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T 9 Train Class M= A gh4(1)

class Trains
(
public:
Trains();
“Trains():
void processTrain();
void setEmergency();
void setPermitToLeave(int); // &%& 7}
void setInStationRegion(); // @V\P Az F
void setATPSpeed(float); // AFEE A4
void setDoorOpen(int); // % Door Open
void setDoorClose(int); // %% Door Close
void setArrivalTime(float); /%39 =842z
void storeTrainData();
void decreasePassengerNo(int); //
void increasePassengerNo(int); //
void setId(int);
void initializeUpTrack(int); //
void initializeDownTrack(int); //
int getPassengerNo(){return PassengerNo;}
int getMaxPassengerNo(){return MaxPassengerNo;}
int  getldO{return Id;}
float getDepartureTime(){return DepartureTime;}
float getArrivalTime(){return ArrivalTime;}
float getTravelTime({return TravelTime;}
float getLocation(){return Loc:}
float getSpeed({return Speed;}
float getPower(){return Power;}
private!
int 1d,
DStald, /tt& =3 99 ID
PassengerNo, // 82k W 4
MaxPassengerNo; // €2 Wl Ao 4
float Speed, // €3 $%
AverageSpeed, // €& Hu &%
Loc, // @2 $1A
DLoc, // th& =3 ¥l X
TLoc, // ER2ETL 91X
Ace, // B MEHE
TMass, // G4 A%
DyMass, // 94 #4 2
Power, // €7 2744

2
s

3 10 Train Class Wit U 8-(2)

A%
private:
float OldAcc, // A =¥l da 7t&=
ATPSpeed, // ATPR5E Ad&HE
TSpeed, // Q3 HE&E
AForce, // 942 &% 7H53 o g
TResist, // G4 Total A%
DepartureTime, // €31 Algd 342
ArrivalTime, // 43 F39 =2 A1Z)
TravelTime; // @& &AL
char Mode; // €3 &4 2=( 714, g8, g, Fh)
bool
DStop, // €4 Dead Wall Stop
PermitToLeave, // 8a&438 7}
Emergency, // 743 A
InStation, // @2 4 A&k
InStationRegion, // 4 A< 7
Active, // €3 3 ¥
DoorOpen; // @3 & €49
void processArrival(); // €371 § =3 A] 23
void processBetweenStations();// & Ato]l T3t
void processEmergency().// &% A +38
void processDeparture();// €3 & &%
void processOthers();
void selectMode(); €3 ¢4 B= A9
void notchUp(); 7}
void coastOperation(); E}

[
i
]

=

rzi 2

3
void brakeOperation(); &&&
void moveTrain(); @& ol %

void findPower(); @3 2348 4k

void findTotalResist(); Total A& A4t

void findAvailForce(); €3 7M53 HojFx 3 A4
void findTLocation(); // E#LETH A A&

void checkTLocation(); // ‘E# =&t 942 A&7
int findCurveData(); // & #12¢ curve data "%
int findGradData(); // & #4X¢ 9 data 7§
float findCurveResist(); // & $ XA el curve A&
float findGradResist(); // & #x¢f o A3 %
float findRunningResist(); FIAF +&

2.5 PDS

PDS 17He] A2 woj¥@th, PDSE EAZFE ¢t
27AE e FH wol JHEXFIHANE st A
Ae 7 Ao BEIE. WA Hdo] sAAH
of oJslA LML oo R AT A AHFL 3
ANEe E7Eka 71AA AFFR A A AFEE
Aoz moEAu. MAEE AFHHA LA A
F s g A e 12092 EOEHUTG. 1
3 72 PDS A e AAete] AEH oo~ U

¥ 11, 12 PDS Edi9] #wds 9 ol
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¥ 11 PDS Class 99 2 &)

class PDSs{

public:

PDSs();

“PDSs()

void setUpPDS();

void readSubData();

void processPDS();

private!

int NodeNo, // =% F
StaNo, // G4t 5
LineNo, // #°] %
lter, // W53
From[MAXLINE], g9l A&} m=d &
To[MAXLINEL &2 # =% HE
LocationfMAXSTEP], == $#
GIMAXNODE][MAXNODE],
IIMAXNODE],

VIMAXNODE],

OldV[IMAXNODE],
Cond[MAXLINE], // &2 #AE@
Curr[MAXLINE], // &<l #H
VNoload, /5§53 A
VBase,

RBase,

IBase,

ResPerKm, // &4 A &/km

Tolerance, //°# &8

AuxPwr, // BEHYD a74E
MaxTrainVolt, // %3 8%

TrainRes; /83 W5-A &

StatusChange; // A9 £& A3 27

float

bool

¥ 12 PDS Class 94 ¥ 8 #5(2)

A &

void initializeNodes();

void calculateBase();

void buildNode(); // =5 M A

void buildSubNode(); // ¥4 == HH

void buildStationNode(); // ®old wE= HA
void insertNodeO(int ,int, char );

void insertNodel(int ,int, char );

void buildTrainNode(); // % == A7

void buildConnectionData(); // =% Atol &2

void buildG(); // [G] "HEZH 2 A

void buildG1(); // {G] slEg2 A

void buildl(); // (1] #& ¥4

void decompLL(); // [LI[L12 Decompose

void modifyl(); /] #& 47

void solveLL(); //

int withinTolerance(); // ‘ol 87} sl &8¢ WY FE
void initializeV();

void convertAll(); // B ARFRE BT HEd
void checkSub(); // M@ Asts Alzg At ¥la
void checkTrainl(); // A FA<Ga FFF At vlx
void checkTrain(); // A&zt AFH ek viw
void loadflow(); // ZF 4]

bool onlyVSource(int); // ‘e HP4? HE
void initializeSubStatus();

void initializeSubl(};

void updateGTrainGStationData(); //tiol gt 71&
void substationRecord();//@ o] €}l 715

void calculateLineCurrent(); // #<¢ A& A4t
struct subs sub[MAXSUBJ

struct nodes node[MAXNODE];

b
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