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Method of Automatic Test Case Generation for Safety-Critical Scenarios in Train Control
Systems

CHEN Xin'? JIANG Peng'?, ZHANG Yi-Fan'?, HUANG Chao'?, ZHOU Yan'?

!(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjing 210023, China)
%(Department of Computer Science and Technology, Nanjing University, Nanjing 210023, China)

Abstract: The train control system is a safety-critical system. To assure its safety, it requires the testing process to cover all possible
runs in its safety-critical scenarios. Existing methods of scenario modeling and test case generation cannot completely satisfy the
requirement. The paper focuses on the methods of modeling safety-critical scenarios in train control system and the tools for automatically
generating test cases for the system. UML activity diagram is extended with event-driven and time characteristic description mechanism to
satisfy the requirement of modeling safety-critical scenarios. A simple path coverage criterion is also proposed to define the coverage of
all possible runs in a scenario and a method is provided for automatic test case generation. The experiment on ground train control system
shows the effectiveness and limitation of the proposed method.
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17 mAFIEZAT . IGW RGBT 3 S 50w 1B 6. P4 Is 1T SR U5,
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o EHJEFIRBN RSN I RGN IBAT N 2 EE ) BRRHE SN LR R G, SN FREZA. 1
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FET FIR 3 AT AR SCHR T Tl 1) A1) 2R R 4 2 AR 3 s i DU N B T
o ZJTETE SN UML W) EEAT T 47 J&, 5 NS A A TR) 3R AT 2 7 IR B, AT 31 4= 42 1) 38 42 2 2 il
Ko FAR IR B AT FI & RIS R E I 29 AT R iR
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WCU_ATP) K% TF I 1A A8 7 R G 25 0k 00 TF ) #6280 B 3 22 1148 il dn & Al & 1k o0k i%
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RAUZ) 2y BE il D3, LA (-5 21K 8% Bl 2 45l I ) 85 RS R 30 T R AR 25 3 B Fah i dil i S 8B 3 7R 1145
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Fig.

1 Scenario model of the door control when a train stops
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AR B I R T A9, i 5 T R 22 A A O S b T AT R BE (R AT B R S I L T AT I R A

B WA G R REE.

WY KNGS D.

B R R AR AR A sPaths.

L path==({a;});

2. sPaths:=0;

3. DO

4. node:=path Wi Ja— 1 mi

5. IF M node th BEAAEAE— A I R AT B 5 4% node,

6. THEN R path "1 i fa— A0 s G — AN IR AT;

7. ELSE BEGIN

8. node:=M\ node K &L IR IAT o5 B 1 J5 4577 55
9. IF node=ar THEN

10. BEGIN

11. ] path W& ERE NI R IAT FIT5 2L node;

12. sPaths:=sPaths\Upath;

13. END

14. IF M node Hi & 0] LK path 3 A — 4 Wi S 42 THEN
15. ) path [ RGN K AT T £ node;

16. END

17. WHILE path:==(-);

18. RETURN sPaths
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RG] R B R AR A 2 S W R A v e — 4% 1 B B A5, SR P T 1 v 2 ok I P 3K R 4 e o, W
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o CN={tc\,tcy,....tc,} N A 2R A T re; Dy I TR) 2 3
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N3 e iE 3N B D=(4,Tr,S,T,G.E,F arar,TC) L1 — 4 fa] B8 12 p, I R 48 v FH MVkiE 225 SUT.

i 1 pof I ) — AN PRI e

1. step:=1y;

2. DO

3 DO

4, tri=step F 1 MR tr;

5. IF tr & WNANJE T SUT [W9KaE [l J& T SUT [3kiE i % 94 THEN
6 BEGIN

7 ) e I T

8 i) ¢.CN HiR N 5iX — ST XA R,

9. END

10. IF tr & & T SUT Wk ) AN & T SUT ks it % 34+ THEN
11. BEGIN

12. ) .0 Hgs I i e 0

13. 6] ¢.CN Hi N5 X — ST XL R,

14. END

15. WHILE step % R ALFLK 17

16.  step=pT I T LI KT 7,

17. WHILE step 3%

18. Zidi ¢.CN FIXFE I LW ML REE T AAE o Bl .0 TS,

17. RETURN ¢;

E 1 g LR T RGN R S8 38 F 0k 2 0 R GEIE W 1847 068 B 14 a7 B s 42 26 e i ) e
o,

o cI=(WCU ATPZE1LF83),6)—>(WCU ATPMA.15);

o c.O=(WCU ATPJFI 18R t))—~(WCU_ATP,b I Z1IF11,6)—>(WCU_ATP,d W %) 517 14);

o ¢.CN={-b<10,t5-d<10}.
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R T e AT A R AR AT T B UL
Table 1 Experimental results

£1 SHLR

Y 5 A2 RN P 48 2 T A B AR B N7 75 T REPAT HR
AT FBAT 36 37
I IB BRI T 66 70
I3 1 PR AE AT 24 24
B1) 2 (] B 1 4 34 36
Mk 5 | R % Sl B 42 44
A 3h 255 ATP BN N T2 Bl B e 68 74
ITC #5201 227k 3l 22 24
CTC B H 4 1 il 32 37
ITC FHIZEHTIR 26 30
CTC FHIZEHTIR 36 38

S0 25 AR FRATT A T 35 mT LAAT 280 4 37 5% rp (0 ] B0 B A, O A 2% A rons 2 PR Bk P 81 1 [ e
AT T 3, 22 4 G 3 55t i AN AT R G AT PR T B A (A7 AE K D A A R S sl i e e B R Rt S HE IR e
(K9 SR B0 AT ) L0 T oy e WA B2, X g H A T T 4 o, A DA SRR B P S22 4 4 (1. T B 2% R A i T
(0 AR b S VF IR BEAT A B UCH T, DA A Bl 75 L.

4 MHEXIME

Wy S AR 1% LA B I 3 5 00 IR 491 2 B 7 9 — LR S AR T ST 0 R ) L Ry ser 25 A3 Ul 45 b
1) UML AR 7 B 3 s b AT A5, b v DA 45 1 JE B A B8 v [ AN 2504 1 A S — S8R D R4 75 3K
HEATHGA R, 51N T OG5 M 275 ) 57 T (R AR 5G 2R LAY 8 3ok 38 77 e e s A28 11 =X 4 380 75 2 1k
FBIEE4.
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O R R 2% 1A 26 7R 3 5 TR B 28 W LA v JE A 38 I TR AT 31 20 s 1 JE A 38 o 2 o %) P ) 4 SR AR AT T B2 A1t
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