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Formal modeling and verification of CTCS-3 train control on-
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Abstract: The CTCS-3 train control system is subject to stringent safety requirements, with the train control on-
board equipment serving as its core. This equipment plays a vital role in operating and controlling the train,
ensuring the overall safety of train operation. In this study, the information interaction between CTCS-3 train
control on-board devices and the work mode conversion rules in the on-boar safety computer was analyzed. To
establish a comprehensive model, colored Petri nets (CPN) were used, enabling the construction of an information
interaction model and work mode transformation model for the on-board equipment. To validate the model’s
effectiveness, the ASK-CTL branching sequence logic formula was used to verify its performance concerning
dead identification, deadlock and transferability under various working modes. The results show that the CPN
model conforms to the system specification requirements, adhering to the expected process and rules. This
research provides valuable ingishgts and serves as a reference for the design of the relevant security demanding
systems.

Keywords: train control system; on-board equipment; mode conversion; colored Petri net

i 5 H #1:2020-06-09
BEEWAB : [HK AR5 4 % BT H (U2268206),
Supported by National Natural Science Foundation of China(U2268206).
YEZ B A (1977—) , 55, 204 5, 3 8 D\ S 39038 2858 DUl i 52 07 1) i 52
BEEE AU (1994—) 2o B+, 322 B 95 R G5 AR 40 M7 J7 1 67 5%, (E-mail) 1558155326@qq.com.



% 9 T %, % .CTCS-3B I £ HZ&EWH XL it 121

LA A, X T R 250 km/h (9 8K B R F Y S CTCS-3 2481 A aa A7 # il R GE (LA T i Bk C3 9481 4
RGO, R CIYINE RGN EEA NI, 2 vk P B ) st 4, R4 2
BAF VA AT HEAE B0 IE 42 3 1% & 2R G5 ) e B G A R T M OC R G T SR A, X R UE S 4208 AT K 4 ek
RGETE R HAT EEE L.

H HT, E AT Petri X 932 F DL B8 458 22 B8 1) (450 5 0 ELA T/ 2 058 , 78 [ 24 34 Hardi™ DL 1Y
ERTMS/ETCS #3t5 y £efilh , & I €8 Petri X (CPN) A8 IR A ARABEAY . 1 FH— i 2 B 9 T8T ) =5 2 R 25040 7Y
T, BoR RGEAE A OB Petri W Z R EBYATE 5 . 2235 R ] UML 22885 2:%, %F CTCS-3 944145 42 45
V& HEAT 40 B 5 AT AR 2R G0 A A 4 S 4 R 4 T3t 52 490 RN 41 5 3 . UML S — B2 204k Ay
e, AN REXS AL g LT HEAT IR, B — i R BR M 45 R G 0 SR RN A3 AT Al R IRE . 55 A8 A I A) 3 B
B 3L YA CTCS-3 4045 4 1% 45 P 19 42 38 4 213 HL VC ORI JC 26 1A %€ 0 RBC JE A7 AT, 30 01F 42 48 1%
B ARG R, B SR B S AR R N RGN T RS M it a] [ s LA A
B TAER LR, AN E AR A IR RREN RS, ORI B LR F RN L ERRENRE RS
AR FE A% G 3 A 75 J0 1k 58 & 3 A8t CTCS-3 99 8 42 3k A i B ¥ 1) Z R, IR ML, 35 28 — b B A5 415
W A R G0 B AR T XA U e AT 40 2 AR, BE S T A R B AR G D BE S 54 . X E H AT BT UML A
R[] F sh AL EEAE v, Petri N0 100 B FEUIE 7R, SORT DA 51 AKR2F vk X6 8 57 A RS A0 0 17 560 0F 5 40 B
FHA 4 Petri B CPN (colored petri net) # 37 85 1 52 )% 5 vl LB 42 F T..H. CPNTools #4756 1E F1 53 8, XF F C3 %%
I PE R G XA 8 R GE, AT AXS FLHEAT 43 )2 3 R R TR AL B RU 25 4, /N RS IE S A . R SR A £
Petri X B IE H T 91045 5 Gt 1) S ASE , fift e 2 96 4 ) R e ) R0, 000 FH 1 52 2% R 0 1 A
1 FEHITESHREERSHT

CTCS-3 BN R G W FZ IR A PRBEAT 4 & 4 MRS i R0R SR IEF & &7 15 55, CIRINE RS
2 2 A3 B s — 0 I A A B A T A L B A R AT 0 T A SR A A A e T R A ) —
43 SR AR 8 A DG B A A i 1ok 1 b T {5 B M S B AR IS AT R B B AT AR R AR A

C3 PN Zr i 55 2 CI PN R G ML LI A R TR -2 i, 4 2 A E4E 0T
FHARITEN(VC) . GSM-R LGB HUIE B AF B HCER (STM) W & 215 BRI T (BTM) B 42 4%
HEIC(TIU) AL TE (DMI) FE7 ., C3 A 5 42 s B A b i B 1 i o, E B R4 46

1) [1] RBC K% 5 G35 17 i i sh 15 B Ab Bk [ 4228000 0 423 0K

2) AbFSK [H RBC YR 205 R0 2. MR W D00 1 4 S 47 4 il 4 4 o

3) PECTC LR A 2E 0 RBC & 326 K A IE #1775 1T MA 81 40 8 41 45 55

4) KRR Y R A AR A B T AT 4 2 R A O

5) FRUSCHILIE L R R B SRR B

6) S I I 2 %71 4532 AT R R AT A BE B R H AR R B At 2

7) RBC/RBC 58 4% .

8) DMI A48 3 | vl 2 A48 i sk DI g

FH A BTN VC & C3 IR A3 R G P A% O, 358 58 W42 3B 4% T VR R 1 ) W R 3 46, AR 4
DA JFE At S e R A 5, 0 BRI X 8 2 S o] B, DA AR IR B 48R 0 R 5 A 2 A 7 AP ) e Y B S R A
KL, 36 2 302 2B TARERE R 3/ o R 4 & 2 21 RN 2R A



122

TR XK FFIR

% 46 %

Y Y

2 CPN#EEIRHE

2.1 EEMREBRE

GSM-REL & DR i R s
Tekfem  NERER
L5 fRHIBAI0 BRI B ST
5 |
=
. — A | B
g EX LT iﬁ.ﬁéﬁﬁﬁwc vy
?gggﬁ DMIED  FZEEO¥8IG
T L AL Hl%

1 CTCS-3 ZIEEHEEEN
Fig.1 Structure of CTCS-3 train control on-board equipment
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Fig.2 Block diagram of on-board equipment modeling and verification
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Fig. 4 CPN model of information interaction between vehicle devices
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Table 2 Operation mode conversion of CTCS-3 train control on-board equipment
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