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HEE i e e UK B 1) 4 o R o i 4 7 I Fof BRI 95 4% ( temporary speed restriction server, TSRS ) 15 I 4k 4]
ZErfuL (radio block center, RBC) 25 5 B X 35 S A% 3 3o it B9 I A5 PRI 22 42 P, 2 57 TSRS D)4 55 RBC )46
5 S o DX PR R ) B AR R AR o [ 8] 408 4745 i R 48 ( Chinese train control system, CTCS) CTCS-2/
CTCS-3 &4y 2 G ] i i FR 34 2 32 B RR L R TS — 2 R4E F (unified modeling language , UML) 15 i [i]
A AU RIS A S A 10 )58 , R ARG T E. UPPAAL S48 i B o iy 4 76 85 R 2 X el {3 B 3 10
AN . FFFRAIR TR 51 45 i I PR 22 15 k22 s 17 iy B A AR A3, L e kA 4 s B AR
(centralized traffic control, CTC) \RBC %14 H1.0» ( train control center, TCC) Z54H2CF REA M LM FE B H, AN
[l 2 g )M B A% i it BEAN ) , Timer (I (] 4 il #% ) \Resend (H A 214 45 ) (TSRS F1 RBC i [i] H Zh L& 7 A A1
BAESE A TSRS Yl 55 RBC DI (5 B 7ERS B & X IR AL I (8] /N T 3 s, LI ) B Sh AU B A5 5.3 18 o3
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FERLEO T, JRIUE RBC 44 72 B9 SCRHE AN 22 Ao s A 451 B4 RBC AT 424/ PT S 46 J R1JG 4838 135 4 F
B, B2 A R = CTCS-3 AR R Geia s i A i e 8R4 428 I 1o B 1 BF 92 B R e 45 B 7 T
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AR UML F1 UPPAAL AHZE G 09I, X i BR A4 + R Ge 5 1828 T i 8 8 IX sl e PR 47 5, 1
S G REIEAT AR, IR T B 1] (message sequence charts ,MSC) (UML i = B I 8] [ S AL LA
AR D7 AT 8 2 53 AT, SRR 45 R G i I FR 3 IR 5% 4 (temporary speed restriction server, TSRS) #l
RBC 15 53¢ H. 8 DX 3 i) I 80 N 22 4k
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2.1 ETFMSCHRFEE

5E S 1:MSC 2 2SRRI AT AT 5 i, R 4 RO A 14 2 52 038 15 S i DI A
WE,WECT XD R, E10iE 5 iR 4 £ 5 <areal > contains <area2> <areal> is followed by
<area2> <areal> is associated with <area2> <areal> is attached to <area2> <areal> above <area2> | <>}
set, <areal> contains <area2>F /N X8 1 A& X3 2, 38 & T A ESR A S )& & ; <areal > is followed
by <area2># R~ X3 1 'BFELE X 2 J5 , 8 5 FH TR IUF 5 & ; <areal > is associated with <area2>Z 7R [X.
I 15 X2 AHOCHR, AT RESE 3 I AE A LA SCHR B K 2% s <areal > is attached to <area2>37R X2 1 i
FEXIR 2 | AR ZF A sl im0 &, X 2 A0 1A S 1 0 EDRATS 0 n il 8% 3 A%, 4n
P 2 7R 5 <areal > above <area2>3 R IXIsk 1 7EXH 2 19 b J7 IFAHTE, 40181 3 Fror , 8 H T4 3 2 ) oz
ERFR <> tset Fon | ADMES 8 W TR S SUA LA IE R R E SR R TR

T JE S A 0 L S 81 5 B [ AT 38 48, BI LA (message in) 71 &L Hi (message out) *), fi[&] 4
NS

HEPSE AR ‘Hﬁ,@l\iﬁ
Ms ‘ Iconreg
Y ! !
T T T In T Out
HERSSAR/GEE HEAT HEPSET 8o {ERSEXERY HEAT {ERSEZERY
B2 Kotk B3 o6& i B4 5l 5l e X E

TE 2= AT o FENARLESAT , A B EEAT s < SHH T NIAT S NARREEFT it — 4 o
MSC 1) A HEZ 538 JH R I TRUE FSE B OC R 385 0 G 0T A A2 1) 32 5 BG4 8] F) 38 175 F
T Mk 2 DG 2R R 1 3 S 1R I RS2 B 40 . MISC RS 4R
<msc body area>. = { <instance layer><text layer><gate def layer><event layer><connector layer>| set,
Hor i et PR MSC F244h -
<SetTSRS area>..= { <Protocal (RBCToTSRS) layer><Protocal (TSRSToRBC) layer><ActTSRS layer>
<ExeTSRS layer><NoticeCase layer>| set,

fe FsF IR 8K A 4 A9 58 . MSC ARG 5 BT .

Resend TSRS RBC o Timer Resend*i?ﬁ 6 6 B Timer—IRf i) 43¢ 20 2%
( \» SelTSRS ACtTSRS— T I B R 3 IR 45 4% fir 2
Protocal ( RBCToTSRS .
AcTSRS [ : SetTSRS—i% I I WL 2k M % B fr 4
ActFail ActFail—34 % 2% W ; Protocal ( RBCToTSRS ) —
CancTSRS - TCLk 1A 2E FF 0 A5 16 I BR B IR 45 % B B 1
o CancTSRS—HU 7Y I A FR 1 IR 45 #% My 2
ctSuce A
~ NoticeCase ActSucc—3 BT ; Exe TSRS—HAT I i B i
< ExeTSRS [} % 3% fir 4 ; Protocal ( TSRSToRBC ) —iff i B
Protocal ( TSRSToRBC ) R 4 %5 O & M % b oo 1 B i
NoticeCase— 4515 B o
ExeTSRS .
NoticeCase NoticeCase
< >
[ | [ [ [ ]
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2.2 EFUML WHEEEEE

7E UML B PP il AR AE Ak, 43 i R i TR A 728 46 XT 2 PIRAES R R G is 7 1 F 200
2 RGBT RN TAERES R ERRAE . 78 UML B B R RS B AE B 4 s 520 8 S 1 A Ay
A EESE , o N— PR FERE B 5 — PR . RO GORAS 1R 75 HAAR Ak i sl [R) A5 B 3858, Fp4k
(TS B A oo ARAE 2. 1 5 rh MSC sz B IRASF R, 57 TSRS Yt 5 RBC Y146 i B DX sl BRI i P 1Y
UML if 8], TSRS ¥l 5 RBC 4 8 8 DX SRR P 4515 B BT BRI 1 s>

F 1 TSRS {15 RBC Y EBEEXIFRIFEREFEZEETENRHORE

POE 3 NN
Resend Start PrePressResend (32178 & 5l 4% )
TSRS Start Buidconn ConnYes Waitl Send Wait2 CaculateTSRS PreConvert Complete ( Ilfi s B 5 JIj 55 2% iy 2 5 58 H 58 i)
RBC Start GRE ConnTSRS BuidConn—R ConnRBC ConnYes SendData WaitData ( Il i FR 2 A% 55 %% 5 o2k 141 2E O HE ST B A5 4 )

Start ConfData WaitTSRS NewData WaitRBC PreConvert WaitConf Complete TSRStoRBC. ( Ilffi B} FR 3% IR 55 %% 5 JC £k 4] 28 h 0 454
BRI E )

Timer

K H MSC EDURE 4 M2 AR5 B2 B, R UML 7 B R it G B2 Bt 8, 2
X2 1 FEA I R s timeout—T==0 /R 5 TSRS &7 1915 BB 5 R At timeout—-R==0 F R 5
RBC #3738 {5 A BT ; PressResend ==1 Fe7RIlff B B A5 8 TG R 1) 2€ o0 (5 B A8 B mT A R0, Bl
1FEAEIR ; PressTimer==1 Fe/RBf AN 280 11, B [ERZS IEAEER . 15 & B 2 9 452843531 24 : Conn TSRS ( 5
e B 33 iz 55 4% 2 A7 10K 3R ) B TR 2SR 10 s, ConnRBC (5 Jo 46 P41 ZE ot A7 B R ) B RS 5 s,
PressResend (i1 755 B 15158 EATE] 7 1 s, PressTimer (32 17 H [B] #8158 ) B 8 11 B R AE 3R R 2 12720
MRAE L, A5 B EST TSRS Y5 RBC Y4 # S XL s A2 (19 UML B ISR ani&l 6 firs

TSRS_RBC Start—J-4f ; Complete—*5¢ Ji ; Wait—25#f ;
PressResend (r+142) Activate—37% ; TSRStoRBC—Iii Fif B2 32 it
% % 2 0 2k M) 8 P L5 Confirm—7f 1A 5

LT WaitConf—24% 13 iy 1A ; PreConvert—7ii %%
Complete e ; Activated— 3% 1% ; Approach—ifF 37
A‘lv::i I Order—fir 4 RequestConf—i% 3K i ik

Waitl Close— 4] ; Exceution—13i| 4}
Start

Resend

Start

TSRS

I I S S S e S S By |

Complete Close
Wait2
TSRStoRBC Approa

. Request]
Confirm I

WaitConf Order| CGonf T

PreConvert Start
Activated
Activate
Waitl
Approach
Start

=

RBC

Exceution

I I S e e s Sy |

TSRS Approach (t--t+10)
RBC

Start | | | i
0123456789101

Timer

| | | | \ \ | \ | \
11213 14 1516 17 18 19 20 21 2223
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2.3 UML R [ m B 1) B SR BY g0 B 45k
B 57 T 5 2 A % 1 B 1) 4 SR80 o £ temple, 3677 1 ANXF5 5% - 2 45 5 R PR T IR S state
B[] ) B AL EY iR {37 location , fF ] 3 SR AR idle B ffe UML )3 B i iYW 45 AR start s
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Bl L PR 4 9 JEL message X R B[] [ Bl AL Y i (%38 18 channel | B[] 28 timeline X 1 B4 clock , S5 {4
event X1 WE4E guard , HRYEXT N OC R , FEEE S BB R] [ SALAL B AR AL ] b a8 0 238 i) 2 SR =
WA MER .
2.4 EFrEBHNHRGER

UPPAAL J&: FH FRAERT [a] [ SIHUB R E R PR T BB R R G AR SR SRR PR 50, fE
ﬁ%ﬁcullﬂ%k’ﬁlﬁl L GHIER G IEFE R 2 . SRADE A CRIERE 5 BNF BHF UPPAAL, 175 &

HoAr YK Prop.= E<>plE[ IplA<>pl Al Iplp—q'?,

#57 TSRS 5 RBC Y4 2 X I (] [ ShpLB Y AR 4% 2. 1 5F0 2. 2 5 v MSC 3 BT & Fil UML
it e Pl R X1 8 1 S L AR RS [ 24 14 A e, %o 7 7 X 3 B A L2, B Resend \ Timer TSRS
1 RBC 45 4 ARG, AT @A, 57 TApend s TA e « TA s < TA e 55 4 ANEF[E] B AL AL, Gn & 7

F7R o

t>=T0
Circle!
TO:=0

resend? P
timer?
Idle Resend Idle Timer
a) TA Recend b) TArier
E TCCSend Idle E_Handover A
- ene HandoverOrder, E_Tgback P_BuildConnect P_CheckMSG1 p_(heckMSG2 — P_Start

Trbe:=0

TCCSepd? TrainStgtus:=1
TriinStatus:X] ConfirmFlag:=1
CopnfirmFlag:= TCCH

S(nfoReq! Send@onfim!

CTCS&xd? _TransferMA

BCtimeout

Trbe 2<T_RBCtimeout

MSGeongm!  MSG?

m.

MSG?

nfoOK! &Geonfim!
CHARIOR P_TransferMA

E_CTCOSend transfer E CI'Cback P_CheckMSG3 e
- CTCInfoReq® CTChack?™ , MSGeonfim!
Ttsrs < =T_LSRStmeout, Sh E_Receive MSG? i
&ligg <}: 1 IToRBGA fk[ ’ y R foOK! Trbe < =T_RBCAmeout
B t%gl‘ )< l:()l _(l(\ R Stimwout TSR%kack’ BChack HandqverRBC! MSGepnfim! CompuleMA
&§T1 <= Ttsra =T_TSRYtimedt MSG?

TSRSaliSepToTAR ShalnfoReqy &&T2 =5 Irhe < =T_RBCtifheout

TSRS“)S('H( [oORBChadggRe\TSRInfoOKY

the < =T_RBCtimeoga& &
Tl <=3

E_TSRSabSendToRBCab E_TSRSabSendToSRSba E_TSRSabSendToSRSha E_TSRShack P_Handover P_loginout P_CheckMSG4 P_Control

¢) TAqgps d) TAgg

Idle—2%5 [A] ; Open— P H & fi 2> ; Circle— [] 4 24 iy 4> ; E_Send—% 1% {5 B, ; E_Receive—32 W {5 B ; E_TCCSend—%1] 15 P 0> K 3% 15 B
E_CTCSend—i B4R 11 4 215 5. s E_TSRSabSend ToRBCab— I i B3 i 4 2SR T2 P 92 vhuts AB Wil 28 #2435 . ; E_TSRSabSendToTSRSba—Ilf;
I BR #5545 AB NG BRI RS- #% BA WSS 46215 K. ; E_TSRSabSendToRBCha— Il i BR i IR 55 #% AB FITCLE ] ZE 0y BA B SSHe 1 1 5
E_TSRSback—Iffi it BR 4 I 45 %% S 153 (7 . s E_RBCback— TGk P ZEH.0 I B 5 18 s E_CTChack— A B 4 7 U £ B ; E_TCChack—31 # v m;z i
{% B ;E_Handover—# 3¢ {5 B.; P _CheckMSG1—¥ 25 1 3 {3 8 i#; P Buﬂdconnea—gjﬁ{; 62 P_ CheckMSG3—#5 #% 3 i {3 i
P_Handover— 35 {% . ; P_loginout— %3555 5. ; P_CheckMSGA—H£ 4 3l {5338 ; P_Control— il {5 3 {5 8. P_ TransferMA—?H:%Z?’]tszJ&‘ﬂﬁ
185 P_Star— A 15515 8. ; P_CheckMSG2—Ha 2 2 5 1% 1# ; HandoverOrder—7% 3¢ fir4> ; MSGeonfirm—{:% 5.3 S A1 IA ; TCCSend— 5 42 . mn
1K 3% ; TCClInfoReq— 412 Hru0x 5 .38 3K ; TCChack—41] 4 Hy zMﬁ,mLﬂ;TCCInfOOK*ﬁIJT*ﬁ M5 B IR ; CTCSend—iH 45 {5 B
CTClInfoReq— ] B2 4 {5 5.1 3K ; CTChack—i# Ji 4 v {5 3% [l ; CTCInfoOK— 7 B 4 v {5 B JC 15 ; TSRSback—Ilfi B B i iR 45 #4517 8. lnl;
TSRSInfoOK—INi i PRk fIR 45 %% 1% 18, TG 1% ; TrainStatus—51) 75 bk 45 ; ConfirmFlag—# P\ Ik 45 ; Trsrs < = T _ TSRStimeout—Ifs i P 32 s ] KR 16 5
Tesrs<=T_TSRStimeout&&T1<=3—TSRSab 1 TSRSha {15 B EATAI A 3 s; Ttsrs<=T_TSRStimeout&&T2< = 5—TSRSab Fl RBCha {5 &,
ZH AR 5 53 Trbe< =T_RBCtimeout— G4k 41 %€ H 0[] B ; Trbe< = T_RBCtimeout&&T1< = 3—RBC I (5 BHFL S 15 AL i A
3 s ; ComouteMA— A1 2y %‘Z‘ﬂ 15 B E_TransferMA—{% 38 5% s 52 AU(5 . ; ransferMA—{#% 38 B 3} #2 AU 15 12, ; SendConfirm— % 3% ) I 14 B
RBCback—Jt£k 4] %€ H0M5 BaR 7] ; RBCInfoOK— G4k 4] ZE 07 B G 1R ; TSRSabSendToRBCablnfoReq | —Ifi Hi B i Al 45 AN JGER P 2 rp o Y
A B W23 5 HEA T8 AR 1R B K s HandoverRBC | —# 3 TEZk M ZE U LMF B o

7 TSRS 5 RBC 37 & & X B0 18]  ShALAEA
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& TSRS 5 RBC Y4 5 B X Ik Af (8] F ZhpLEL Ry

T,=<S,5",A,X,1,E>,

XS 8" A X 1LE 53 R iHA] [ S LB RRRAS BT IRAS ik & 2 0 R S5 B B IR
R AR

PA T woc BFTE] EZHHL R GIBERA , 13 FRIRZS S = {idle, P_CheckMSG1, P_BuildConnect | , ¥ #f 4k 45S° =
idle ; i & =} A= { MSG?, MSGeonfirm! | , B5f[a] &%t X=1{T,, T, ,T_RBCtimeout} , B ¥ 7r & [ = { MSG?,
MSGceonfirm !} R4S E={idle,P_CheckMSG4 ,P_Control , P_TransferMA ,idle} , H./7,“P_"“E_" J
K3 B BRI A2 A HE Rk

118 7 AT : Resend 7] 7E{R Fei {5 B2 HAGER B 1E15 EAEPAIE , Timer 2 [ B e I I ] SE 3R A4 155 DL
TR kR EE BT, —E G [ {E B BERY T AL T E4T RBC A1 TSRS (8] A ShPUSEE B 1% 1%
AR

RBC LI F1 S HUBE e Trbe>RBCrimeout I, A {3 £ 438 400 B30 A - BAITE LR 1 4 38
R, A H BT ik A A, N Idle OBk ik, B Te) WML A 3 A B E] GE B AR & o 4 i A
E_TSRSabSendToRBCab .E_TSRSabSendToTSRSba ,E_TSRSabSendToRBCba , A1l B+ IR 33 il 55 #:§ A1 JC£& 4] 2E
HUL I A B RN A T AR (R B S XA . [ 7 8 3 DI 295, Tisrs< =T_TSRStimeout&&T0< = 1
275 TSRSab Fl RBCab (155 B 28 H. I EI A # 5 1 s, Ttsrs< = T_TSRStimeout&&T1 < = 3 7% TSRSab Fil
TSRSba {5 K32 H I [a] Al i 3 s, Tsrs< = T_TSRStimeout&&T2< = 3 F71k TSRSab 1 RBCha ({5 B A4S .
WA 3 s

TSRS 5 RBC JJ4 5 5 X I i 2202 B : Resend ( H & 5l 4% )\ Timer ( o [A] 421 % ) \E_Handover
(B2 PR A2 ) E_TransferMA (1% 3 78 Zh S AUfF E.) (E_Send (&% {7 &) \E_Receive (F2UfF E) .
P_BuildConnect( & 37 #8454 ) .P_Start ( FF 45 L1 {ZB) .P_CheckMSG1 (#5#F 1 i =18 i& ) .P_Control
(L RER)

TSRS 5 RBC )4 Z X i 1Y 32 230 {5 8 168 : HandoverOrder (#22fir4>) SendConfirm ( 4 2 AT
) \transferMA (fZ 38 F S AUF E) \TCCSend TCC (&% E) \TCCInfoReq TCC ({5 K #53K) \RBCback
RBC(RFIfE H ) \RBCInfoOK RBC ({5 5% [FIEH ) \MSGeonfirm ({5 HEEMIA) Open (FF i E K i 4) |
Circle (I [T ) o

3 REEHEBREIE

¥ UPPAAL B3 F#s T A C AR [E] A shALEBL AL, [6] B N A 5% BNF B3 0E TSRS 5 RBC JJ# &
DX Sl (8] ZhATLAR Yl A2 2 4 PR RN A2 BRTE PR I 250K
3.1 REREMEK

1) ZGEATHE . Al Inot deadlock , B ilEd i .

2)RBC A7 {5 Ui, 52 RBC A5 15 B A 43k

E<>( (RBC. P_BuildConnect) and (RBC. P_Start ) and ( RBC. P_Control ) and (RBC. P_Handover) ) , & IF
SRURS

3) TSRS il RBC YJHef5 BAS 5L IE# 52 o

E<>( (RBCa. Idle ) imply ( RBCa. P_Handover ) and ( RBCb. Idle ) imply ( RBCb. P_Handover ) and ( TSRSa. Idle )
imply (TSRSa. F._TSRSaSendToRBCb ) and ( TSRSa. Idle ) imply (TSRSh. E_TSRSbSendToRBCa) ) , ¥ i

4) 7EF) FARGEUIR A ™ RBC Yl fs BUIE R B2 22 .

E<>( (RBC. newspeed>=RBC. oldspeed ) imply ( RBC. P_Handover) ) , %38 i
3.2 REFREMHER

1) TSRS I RBC 7£ A B Pifl] 1 s P52l {5 fi SR 52



553 19 JE LT UML 55 UPPAAL (1755 250 5 1 b R 1) f 7 S5 AR 5 B0 37
A[ ] ((TSRSab. ControlRBCab ) imply ( TSRSab. E_TSRSabSendToRBCab ) and (TO<=1) ) , 35 1
2)TSRS_A F1 TSRS_B 7£ 3 s PN 58 il B FR 2k iy 4 1) D 46t
A[ J( (TSRSa. ControlTSRSb ) imply ( TSRSab. E_TSRSabSendToTSRSba) and (T1<=3) ) , &l i o
3)TSRS_A Fil RBC_B,TSRS_B #l RBC_A 7 3 s AT I iof BR 3 iy 4> O 0L i) 4% 336 , (] IF 7 A (B i

Xof T A FE v 45 B A% 3o A o g I T FR A
A[ ] ((TSRSab. ControlRBCba ) imply ( TSRSabE_TSRSabSendToRBCba ) and( T2<=3) ) , 5k i .

Ak BRSBTS S DX S B[R] S AL AL i UPPAAL 35k T B ARSI IE, 1 /2 42 42

PERN O B | I8 B % 18 L 445 R Gl I R R G BER B0 R 1) 7E 30k B d o, B s

PR,

4 ZERIE

AR MSC il UML #57 TSRS 5 RBC )4 8 8 X dak A4 Atk ek [|) £ BRAB AL kg 5 (8 1 sh LA AR )
Hedfe , 7F MSC Fl UML F) gASET R rh i iR i [R] 2 R SR A LIRS A 8 i 8 . SR i) B 2hAIL 5 74 g 57 TSRS
55 RBC V)36 & DX [a] { sh LA, R FIE AL BHIE T 2 UPPAAL JEATACAIS0IE . 455 KW TSRS 5
RBC )46 8 5 XI5 8 AE ELAAR T [a] B ] oy wT UR 58 145 8 A8 B, d B HE BLAT 22 A MR 25, ORIk i 2k
Y4 25578 TSRS 1 RBC Y415 00 T 19243547,

Je S BFSE HR AT HE— B E 2 NS AHAR X B TSRS A1 TSRS # 8 X s {5 8 A 1 i 52 2=k, Jy ik i 15

SR R R S

S %k
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Modeling and verification of high-speed railway train control temporary
speed limit switching scenarios based on UML and UPPAAL

ZHOU Xiang

Binzhou Jiaotong Bureaw, Binzhou 256600, China

Abstract: To improve the timeliness and safety of the information transmission process in the cross-border
overlapping area between the temporary speed restriction server (TSRS) and the radio block center (RBC) for
high-speed rail train control temporary speed restriction commands, a mathematical model of the TSRS switch
and RBC switch cross-border overlapping area speed restriction process is established. Based on the
characteristics of temporary speed restriction command interaction between the Chinese Train Control System
(CTCS) CTCS-2/CTCS~-3 high-speed rail train control systems, a combined approach of unified modeling
language (UML) and Timed Automata model theory is adopted. The formal verification tool UPPAAL is used to
identify deficiencies and vulnerabilities in the information transmission of temporary speed restriction commands
in the cross-border overlapping area. The research results indicate that train control temporary speed restriction
is an important component for the safe operation of high-speed rail. There is frequent information interaction
between temporary speed restriction, centralized traffic control (CTC) , RBC, train control center (TCC) , and
other related subsystems. The information transmission processes between different subsystems vary. The
verification results of the Timer, Resend, TSRS, and RBC Timed Automata mathematical models show that the
transmission time of TSRS switch and RBC switch information in the cross-border overlapping area is less than
3 s, and the information channel of the Timed Automata model does not lead to deadlock situations, significantly
improving the timeliness and safety of high-speed rail train operation.

Keywords : temporary speed limit; timed automata; UML; UPPAAL; high-speed railway train control
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