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Modeling and Verification Method of Intersection Test Scenario for Automated Driving
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Abstract: Autonomous vehicles play an important role in easing traffic congestion and eliminating traffic accidents. In order to ensure the
safety and reliability of the autonomous vehicle, there must be an all-around test before they are deployed on public roads. Most of the
existing test scenario data come from traffic accidents and traffic violations. Furthermore, the most fundamental safety requirement of an
autopilot system is that autonomous vehicles should comply with traffic law, which fully reflects the importance of autonomous vehicles

complying with traffic rules. Nevertheless, there is a severe lack of test scenarios built for the traffic law. Therefore, in this study, the
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safety requirements of the autopilot system are extracted from the traffic law perspective, and a Petri net modeling and formal verification
method for intersection test scenarios is proposed. Firstly, the traffic rules are classified according to the test scenarios of automated
driving, the rule text suitable for the autonomous vehicle is extracted and semi-formalized. Secondly, with the aim of covering traffic law
and function testing procedure of the test scenario, the interactive behavior of the intersection scene elements is integrated, the typical test
scene elements are selected and combined to deploy the intersection test scenarios. Then, the test scenario based on traffic rules is
modeled as a Petri net, in which places describe the state of the autonomous vehicle and transitions represent the trigger condition of the
state. Moreover, the Clock Constraint Specification Language (CCSL) is chosen as the intermediate semantic language to convert the Petri
net into an intermediate semantic model which can be formally verified. A specific conversion method is proposed. Finally, Tina is used to
verify the activity, boundedness, and accessibility of the traffic-law scenario model, and the experimental results prove the validity of the
model. Besides, the CCSL constraints are analyzed through the analysis tool MyCCSL which is based on the SMT and the consistency of
the model is verified by the LTL formula.

Key words: automated driving; test scenario; traffic law model; formal verification
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AT SN B 15 W K AT B A O ki 4 kg, BONATREE BRca AT NGB, 0 4= 4
WA AT RN O SR OOERS AR S AT, HAATHRIE B AT NGB, 00 AR A A ek A AT g N
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.

o ZRLE I MR UG, W SR A A B O, DU A A AT A A A, R A EAT
e O, P AT EAT E R, R AT N B O, R AL AT A, R
TERAE B AT B

o BPHIEE I MRS B S, BUA R A, WK AR 1, E B T R 1 B BT

B 4 SR T A8 UM A2 DRI SRR TR A i 7 S0 P T 0 A A A0, e U I 1 B R 40 D B i

KT 100 my [100,30] m F1[30,0] m [3X 3 ANEEEL. PR (2 MR ZE R pIRE, o, plo & 26 #4537 S pi
RPIAERAS, A7 — A AR R OR B bR YUl R 1 MR AR RS B R ZORES 10 2 A0, RifR 02 PSR
SEARBENE, BT R AT AR R E T 2 .

R &Y BE &
plo LK PREATEL tlo R4 ERE
pll RGN AT bR ti1 F7[100,30] K &
pl2 RGN RASE RS t12 F|34[30,0 K B4 L
pl3  JFELEEFLT t3 AR
" ."“ PR pl4 BB 30km/h LT B
pIs KA A ERIE tls FikH O
pl6 i MBI ST tle AT
pl7  {EILLLHTROEIEAT 7 WREAT
P ‘ ‘ PR plg EERAT U8 BT
plo  BALIGHT t9 SRSITAT
pl10  EEHELT t10  mRIZTAT
plll  EEHEESIT 11 W REARAT
Pl fEfEsks 12 R IR
pl13 RGBT t13 mp e kg
pll4 47 NEIE AATREE 14 R
pl15  ALikATA t1s  ARNET
pl16  ABATKIAS U224 t16 AT BT AMTRGE
pl17  ASATRLIN EAT A4 17 WARAT NGBS AATRIE
pl18  1BATHECINER F4T A 18 [EPLAMATE XS
pll9  HH%E 19 LN Iu]
pl20 AT MIZER t20 R A
pl21  FRFI4TEE t21 LA (AR
pl22  HITE%E t22 EHEMEEEE
pl23  EHEHATEH t23 R R A A
pl2a  EEFATHE t2a  HBEATER
pl2s  BOAHA t25 MR ELAT AN
pl26  ALiLEE AT A 126 FERHEEAEE
‘ . pl27  BRO4THE t27 IR EAT R
P20 P8 RN AT 128 ARRIEE AT A
PI20  BEFFEACIEAELATHE 13 E%ﬁ;ggﬁ
M i 130 TE NI bty
\)pm wipemEgT Ry 2 MRS
132 tbl  HlldE L RN IERE

33 EIRIELLH R O

K4 i 0 e ek by o i

DR AP S B8 A S 1R Ao B 25 I, g S Wiy N A AR 22 15 0 e e AR08 W R AN e R,
W) AR T e R A AR AR R T 5y A AN Al Y s, B DAAE AR i R A A AR B i
M . R D 83 SRR, a1b0 7R KK 1) /e A8 EARIB (M 4R4, b1 s Bl 5e 1 i /e A8 S AE3E R 48 2,
plb R PR A A9 1) fe AR A TE S SR AL, TR plb e 1A A8 B3 4R g st B v]

4 HBEIERE

BEAT ZR G R R AN S 2 PR 8 I, B RLF) 22 4 PR LR OR AR BT R s, ki A S A6 HORS A 20 A 7
ORFCIR AR, QT 36 A R S SRR B v — BobE, SO WESEN BORTE I AN B, K%
Bz A b HEHE A A DB A 20 A 0k U5 vk, B A T ¥ 2 66 17 18 1 B R T ONORE A 1 B 8 U TR,
TN TR R G AFAEAT R BT, W TTHEIAIE— A R G 1 AL € I B vk 7 K 1) A5 D A B 15
T A AL () 3 8 2 O ol R, D S0 AR 15 ik A2 22 U T LI i AR A 2% 1 s 5 . A S i
K Petri WUBERY T 4 CCSL 43R, — /T HEAT B AL B E ) o [ SOBEZY, 3T CCSL 2930 7l i A2
PERINLTL 2 sORBIE 2R 48 i R B B v i) — ik
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4.1 MPetrifd 2| CCSLLYR B4 %

A S0 47 SRS AR e A B A KIS P P P T AT B N a8 A K R AR, W T AT B ) CCSL 1
MAYH. 925 b, CCSL 2y WAk i) RS AR A I P23 0 R, X HIPRA H Petri 99 b 10 e itk . Ak 4
Petri PMIRIZEHIRR, 4 HURASFFLEIN RIS, SR M EL R I D0 R e e CCSL 29 A I, A5 It
FPRFR P RAR. KRR, BmERANEI KR

(1) ARZSFFEEIN 8]

FERERL T, RIS — M FEE R R, TR AR A, X PR BOR AR [ A R, s b, A
ANRASE AT LR IR A TFLR S F . 45 R AR RIRR LRI 0], i, 7628 SOl 3 5 rh, A8 A5 5 KT Wi ok 4047,
D 0 5 A A5 L i 4 42 A5 A, LIRS IEAR 5 AT W N Ok AT I, DR A A T LB AT AR AR A s R
A PV SRR, WURTF UG F AT event] (AS KU ME A WA B ZLAT, S5 R AT event2 FIAC I M b i 2 44T, )
R state WABYENAEZ 250 B PR, A5 455X IR T 2@ M RRSEI ). AR MO0, IRE
FR I [ & SN

state.t=event2.t,—eventl.t,,
s.t. 1<t

AR (K 5 B I 1) 2 R A PR T 0 2 0 5 A 2 T () IR PP B2 OQ AR AT 58 LI, A Petri LI A,

RS FELEIS (A W f IR W B 5 o,
eventl‘l_bo_.l event2

state

>

t 5! time
t

KI5 ARASHEBEI IH]

(2) TRF I F

M7 56 22 45 IR RSIR AR I — /NSt I P8 0GR B, 7EA8 X% Mg seh, 4855 KT L0 i, il
WREMNAZRERS RN LT, I BAEASE IR R 2255 4. IR AT AT X b, FEARFM event A HE MR
WALLAT, event T E ZATIRES statel WIS MBI A ACWAE 5 XTLLAT, event I )5 B AAPIRE state2 WIAZ LS
P IR RIS 55 R, TERXFME DL, statel T state2 ] 7 5.

75 Petri PRI b, R O 2802 38 AR (K 178 4 RIS NS B S5 4IRS I (R I 3 48 06 R AT 8 X
(0, B 6(a) s, My ok 2 flid B I PP a2 42 USRS IS R &R, HOX N CCSL 29 B 6(b) Brzr

state 1@-—*—’0 state2 CCSL:

I
v . 1. statel_attribute<state2_attribute

>

LT T 5] time

(a) WP KRKE (b) CCSL #15
6 CIREMT K REE e

(3) FERKHR

W22 K RGBS L EFPRES SRS LA e 51 R G S 4r. B, R X Agsh, 4
MR AW AE L B 11[100,30] m B8 BERTAT BN, 752210 58 BUAS W A 2 A0 A8 T A5 & 1) R 30 i . AR AT A8 B adk
ATTE SLOMHT, A statel ZTHLJEME VR w0 N AT AR 2k, ARES stare2 ZTHUE M g AT bR &, R
statel Rl state2 [FI R, A =5 RIGEEFM event A MU EPE N IE BB 11[100,30] m BB, fEXFIH UL, statel
F state2 N IR KA.

T Petri PR rh, [R]25 0C B2 8 ik [R] — SR (10 P AN 1T 4 PR ES 1) () I 18 8 00 R gEAT /8 SCIY, il
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TR, PSR AR P EHER RGN ZHES XA, RBEHIAPRENIZL T F—AVIRE, Hxm
] CCSL £ &l 7(b) 7.

1 €= CCSL:
O 1. statel_attribute<state attribute
2. state2_attribute<state attribute
T event state . .
\ 3. temp=statel_attributevstate2_attribute
1 .
i state > 4. temp=state_attribute
t=max(t1,t2) time
(a) FHKRE (b) CCSL Z13

Bl 7 R OC R 5

4 FHFRKHR

HR KR IR/ AL I, A B2 %A 5. i, 7E48 X R g5t NS = ioie 4
i) A B s s, A R R0 ) R T A 2 R RS SR A, A P AR A T DU AR AR AR SRR AT I S
ST, FAE event WIASHUE PN B CHE & T 223645, IR statel A8 MU ME R IR S0 B A AR 2R, RAS state2 A
B M g PR R R AZ Sl AR . EIX RGBT, statel 1 state2 NI RKR.

15 Petri WAL, F R ¢ R R I 7] — S A 1 AN G B A HRIR A 2 TR IR B P B 4 D¢ R kAT e X, il
8@/, IR KRRFIBR I P @ WL MRS EH 5 KR, HERBIRRER )G T E—ARE, H
X[ CCSL 23R Lt [ 8(b) .

‘ B T CCSL:

@__» statel 1. state_attribute<statel _attribute
state - ‘ i 2. state attribute<state2 attribute
v 3. temp=statel _attributenstate2_attribute
state2 _ 4. state_attribute<temp

=max(t1,12) time
(a) IFEKARKE (b) CCSL 453K
8 AT K R4

(5) LEHRAR

EFER IR M2 A BEE P A BL_ERAS B ke AL = — AR B, e AT BURZE, (B HAXEE
ANEAR R B, FEAS X D b, SASEAE TAT N IAT I, R AW A D R g, A R Ik
&, RA A, ML MBEATE X087, WA state BN ZSEE SHT W4T, FAF eventl X
JEPE R Cad s k2R, WPRES statel SEHUEPE R WGEARAT; 1 FAF evenr2 ZZRUB LA AR5 1ELL, WPRE state2
B E N AE TR, FEIXFIME LR, eventl 1 event2 Jjpp 58 FAE:, W statel F state2 FikE KR,

5 Petri PIRERS T, L4500 RS v R FHA I AN G B SRR I IN 7 18 48 0¢ REAT 2 LW, Wil 9(a)
PR, PR R I IN P2 42 P ARSI HE R B G &R, B K CCSL 29 1B 9(b)JTor.

I_G _____ f CCSL:
1. state_attribute<statel _attribute
eventl statel - -
2. state_attribute<state2_attribute
state I ( ) ______ L& 3. state_attribute<temp
2
4. temp=statel _attribute+state2_attribute
event2 state? _ 5. statel_attributefstate2_attribute
t=tvt: time
(a) EFRRM (b) CCSL 413k

9 RFIEFER R
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(6) THH KA

PEFR K R AR 2 A B A L AR B il e AR IR AR, 1R H G B ARSI A & e . 49,
FEAE S Vg s, IR A B VAT B, A B A AT AR A O, R A AL AT A, BRI
FTEN, WA ZE gk 22 i AT 3. ARIEASHUEATIE LM, RE statel 28RN SAT R 2% 04T N, FAF
event1 ZTHLJE P PR WA N B VAT N, RES state2 ZERUE M0 B D ALLEAT N, A evenr2 ZZ R 4 B & N
W, HBF evens3 HUBYE N O, M state3 A HB TN B OATBE. ZEIXFIEULT, statel A state2
NAER KA.

15 Petri PRSI R (PR G 28 2 8 I 1 /N AN W e (R PR A 2 TR BT B P B 4 06 R dEAT e I, Wil 10(a)
. EH KRR I PR E A EE AL RS IS B R R, I T B sl B 5 e DL R
B7 IRES A A A, X BB AR IR BRI B o, X IR CCSL 2 s 4 18l 10(b) Bk

state2

I O CCSL:
1. statel attribute<state2 _attribute

event3  state3 2. statel_attribute<state3_attribute

3. state3_attribute=statel _attribute $ d on state2_attribute

LTI I

(a) THHKRE (b) CCSL 43R
Bl10 RESTHH R

VLT JFAIRAS RIS ACIRAS BR AL, ARSI F ok AR 2R, PRSI FAF 2 R 5L
KEFR. TR RRZAEEER, Bl A LB IS T ok, AT AT LA A ¥R BE O 2 48 2 S ok g B A1
BRRSFIFAE, JHKH 4 CCSL 2.

42 EFLTLAXEREEE T

2 M )3 2 # (linear temporal logic, LTLYFE R4S I ik A& 36 10F B CCSL £ sRAE Ik (1) AR 7R 2 590 2 R4k R
grEte, XLV DU LTL A UHATRE, A SCHHY RS CCSL R B2 i) L, 2k 1 SE AR B 50 10E.
LTL /& iy B g A, 3@ H TR IR AP 7. LTL 2 302 B IR i@l A7 R B AE 77 R 25 2 1 T 4 .

LTL 2 U iE Sk

¢::Tu4qﬂﬁ¢|¢A¢|¢V¢|¢—9¢} )
Xo|Fo|Go|pUp| ol 9| pRp
Hrh, ap NIRT i, TRIR true, LRIR false, NASEERF X, F, G, U, W Hl R 73 R8T — M IRZ (next) KK
AR (future) T B KR & (globally). H #(until). 55 H 2l (weak-until) Fl1 8¢ i (release).

i/ LTL 2 Ak RGAT A B A WENE, HIR 7860 e84, Bl — R il ap RSP
M i DRI HACS I B o TR EE i D%, BRIk, LTL AR5 AT LA TE CCSL B B I, ik
MR 2 I AT A A T — 2 g k.

ZB— AR H T, A CCSL ZYBRHE A8 X TSR FAL KT AS B IN M. AR B AC A5 54T i SE ekt
G ERAT, AT LUE R IR N CCSL A kAT I A b Ros.

(1) green<red.

(2) temp=green$ 1.

(3) red=<temp.

o, PN green R red 43 AR SRIT FILL AT, green(red)ii B 3 m 68 4T (LL4T)5e; W8T temp J&— N K&
FI e, R AR ST, AUH T W B4R By 2. 84, AT A LTL AR RS I ) 77 V038 UE 3R ¢
AT HA T JE
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B L A7 R ASEAE S AT AN RE R N SR AT RIZLAT, WTRAA LTL A UK oR:
G(—(greennred)).
B I ATl S AT ST, SR — NI R ST, AT DA LTL 2 303 0R:
G(green—X(—green)).

5 SEIETME

FEARTT 0 FE T AR 1K 19 3 2 B SR B AT VP AL, AR 0] 8 2% FE W A 5 T
e RQI: BRI IERPEQIT?

o RQ2: R — ok afar?

S FREE K I, CPU AMD Ryzen 7 5800H CPU@?3.20 GHz #11 Windows 10 (64 1i7).

5.1 HEEIBIE#

T AR B IE AR, AR Petri 9 B IR PO LAY B A REVEREAT 0 AT I U7, X % 1 AR A s B Y ) TR
Py A FE. A PEREATIRUE. XAE, —J7 1 A] DARE S AR R (R RE M Sy — T I, SOR AR A AT B UE )
TR R LT A 0 ) I R s o, DAER IR R I AR R, RIS OR UL, TR R PR AR A BT G h 2 TS AR AE A
PAT, AR E AR T RAE TR IS, wrk k2 8hn IR N — A ik ) — A4
EEFT.

T Petri W RS M SR, SR Tina AT 04T, Ttk https://projects.laas. fr/tina/home.
php. Tina J& K RESR KRS Petri 99 SCHFAF ELRAF (1 73 B 18, & m DARTERY (R A7 S0 o 3% PRl ik PR kAT
XA, g HAHSRI AT i S, B4t Tina B4 %11, &) BLYJ R B AT S o, B SE UG, &
A LUIR [E B A6 RAS BEAT BB U4 A, DRI, AR SCR A Tina 804, X8 D 2246 5001 Petri PUBIY 0 3T, 155

RLOFHr g Uk 25 R an &l 11 o,

# C:\Users\think book 14p\Desktop\left ktz - o X # C:\Users\think book 14p\Desktop\left-struct.txt - o X
net left |
. places | 31 transitions | 36 net bounded |V live [N reversible |N tr t10 pl0 -> pll pl2
digest I | r r r tr t11 pll pl2 -> pl3 pld
abstraction count props. psets dead live tr t110 pl8 -> pli2

o || e [m o Cw o [mo oo [o| il
transitions. | 216 | 36 | % | ) ,T tr +113 pl10 ->p}g

tr 115 pl12 -> pl9

tr t116 pl13 -> plld

state tr t117 plld > pli5
props [p— pL0 tr +118 pl15 > pli3
trans t10/1 (% 1115 p113_ > p118 p117 pl1s

tr £12 pl3 pld -> pl§
state 1 ix 11205116 -> 110
props L.scc#20 pll pl2 tr £121 p119 -> pl20
trans t11/2 t1b0/3 — tr £122 pl20 -> pll6

tr 123 pl16 -> pl2l
state 2 tr t124 pl17 > pl22
props L.scc+19 pl3 pld tr £125 pl22 > pl23
trans t12/d tr 126 pl23 -> pl17

tr 127 pl17 -> pl2d
state 3 tr +128 pll8 -> pl25
props L.scc+20 pl2 plb tr £120 pl25 > pl26
trans t1b1/1 tr 13 pl5_ > pl6

tr t130pl26 pllE
state 4 tr t131 pl18
props L.sco¥18 pl6 L 152 b1di 12 p127 - pl29
trans t13/5 t14/6 tr t133 pl28 > pl2

tr 14 pl6 -> pl2g
stat, tr £15 pl6 -> pl7

+ tr 16 p17 -> pl8

3:2:12 '{lg;C 10 P16 [t 417 p17 -> pl9

ftr t18 p17 -> pl10
state 6 [tr 19 p17 -> plil
props L.sce*17 pl28 tr t1b0 pll -> plb
trans 133/8 [tr t1bl plb -> pll

ip1 pl0 (1)

state 7
lprops L.sco*
trans t16/9 tl?/m t18/11 t18/12

0.000s
[P-FLOWS BASIS

state B o ip10 p110 pli1 pl12 pl13 plid pli5 pll6 pl19 pl2 pl20 pl2l pl2é pl29 pld pls
[Props P [p10 pl10 pli1 pli2 pli3 plld pli6 pll7 pl2 pl22 pl23 pl2d pl2s pl20 pld pls
P10 PLID p1i1 P12 pli3 pld pLi5 plie 12 pl25 p126 pl27 p128 P129 pld 518
state 9 ST
props L.scc*12 pl8 pLL P21 plb (0)
‘trans t110/13 0. 000s
state X
tare 10 o o190 T-FLOVS BASIS
trans t111/14 [t1b0 £1b1
t111 t112 t113%+-1 t115
state 11 " [£113#-1 114 +18%-1 £19
props L.sco 116 t117 t118 -
trans t112/13 tna/u t113 £119 £123 127 t13 131 t132 t133%-1 t1d+-1 t15 t18
[t120 t121 t122
state 12 [t124 125 t126
props L.sccrl4 plil 128 £120 +130
trans t114/14 = [t110%-1 1112 t164-1 18
:' [t112 115 t17+-1 t18 -
il Al >

() REZE 5T (b) HitgorHr
1 B e 3 3 SR 3 AT AR 25
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(1) 515 br

X+ A Petri W 3=(P,T;F,My), WIRAFHE—ANAEFSLEL B, WAXFEERT peP, BB LYMe R(My),
M(p)<B, WKL p; /&5, HERWMLI &AM EAD BN ED p KI5, 128 B(p), HI:

B(p;)=min{B|VMe R(M,):M(p,) <B} 5)

R RERL A R—ANPEPT p #AEAE— AN ARG B, H45VMe R(My), M(p)<B, WIFKIZER K1t Petri
M, HRRE RIS FE A Petri I SFE. Petri B 145 S0 R IRJZ TR T ZR A 43 H B ol DX 3t 119 1) R,
MIRIE T RS AETEABAE W BOR A HEBL

ARSI Tina #AF [ “state space analysis”BEHUN 5T~ Petri P (10 78 52 1 s S BS AT 0 5, 15 20 11(a) 1)
REF MR, HILAT LG 1, B O A5 R A& 31 ANE T 36 MNIE, bounded J& MY, thik
R, SRR T B AR A SR, 83T Tina B4 “structural analysis” X} Petri W 4% T R AT )5
B, 13RI 110 ISR BT 4 . E T DU H AN AT (0 T P TR T, D BRI v R AR DA

(2) kT

W} F—A Petri W Z=(P,T;F M), My AHIEFRIR, te T. WIHEVYMeR(M,), IM’e R(M), 513 M’[1), MFRALLT ¢
TER. R e T AR, WERZHA M. Petri AT TE MBS ZIHIRE T ARG A S KA, N
M ARIE T RS0 AT LLI% 42 F iz 17

AR S g IR A I o A S 1) A B S AR I S L R GRS R A, T AR PR A,
Fr LA Petri AN BB TEE. I 11 85 R aT 50, AR A —AD“live RS FI—A“dead™RZ, 43 BN ALY 1) 4]
IR HORES . WU AR X AR Z IR N — AN AT, A8 7345780 AN A [y 45 00 e Ak D G B A 4, 0k T 1
BERUAACE A, W HREA e, e v DS 451 AR S sl &k AR S08E, R g v] LLESEIE
ST

(3) WAL S B

XtF—A Petri W I=(P,T:F,M,), teT. X FHIUGHRIR My, WIH M'e R(My), 1 Mo[oyM’, WIFRFEI M’y I
My BHTIE. WRAFAEAIT IR t,to,. . ot IR RTH) M\, M,,.. My, 13 Mo[t)YM\[t).. M [tyM, WFR M, H
M My FTIE. BIEEEY MNHIUE R R Mo 20t A BRI IE A My, JUFRRAR T M, S8 AT 1. Petri M A AT AR P IR 18 2
PR T REM EMNE, Wk R TARES, 7T AR B 45 1 )4 .

ARSI I Tina # AT (¥ “reachability checkingfSHnf A R FEAT (17 BL, 13 1 1K) 1] T4 PR AG I 45 S 550K 24 23 ) 4y
Brad i —80 B 1145 R 8K Petri WBERL 1 BTG PEFT Y BA T IATE, BT 2038 oA al il R k. T, %
22847 5010 Petri BIREAY FLAT Al TAPE.

MR XA AL (R AT P R AT AT IR R Bh A JE MR T, S0 UE T 6 11 A0 i g RO RAE 1B A LA A R 1 OE
Tk, W1 T BT @B A K.

5.2 HEm—HIE

N T WAEB ) — 3, T CCSL A b /b i, 18 LTL A SRR B v i R e i sk i) —
BT AT RIS R . AR SCAAS X% L A e 3 e R ), 3 4oh 30 ARG I AR R AT % AR 4 B
BOUF, BPEUT i AR ATTEAE S AT B AN B AT ISR, R, K 3 AT ARER I CCSL 4R 4l A, BRI 4 3]
P 120 B I S TR (1) 56 8% CCSL ik,

BT Petri WAL se TR A MyCCSL T B AT 4 A 30 4E, "~ #iMh ik 24 https:/github.com/
northcity0406/CCSLSMT. MyCCSL & CCSL /B0 434 T &, JidKs CCSL 29 K FoAH N J7 3% 4y SMT
AT, RIEMKIE SMT KA IEAT KA, 7T LA 280 ik o PR 256 m) 8. 0T 4 1B 1 20 337 55 1 Petri P15
B, AR A R R AR AL S — AN A B, TR CCSL AR R 7K. T 1 A0 R A s Y g 4
PRI SEH), I b i g 2 R ARERARAS I A A=, 1T IR Bl 1) R 80230 2 T LA DA R 2 18 3l 2 Bl VR 2R 22 il o i 11 14T
9. TN THDE I 3 AN PRI, 15 B T 40 B 1 2 i 3 SRR T ) CCSL ik, AT Petri M5 R 34T LTL
FERURT B, 45 H o BT 6 IE 45 2R
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(1) T LB

FEHEE I R R b 2GR A B 4 A 10 22 RG2S I, TR A5 R ) o S AT AR AN AT AR A 2 IR 4
FIIA PR 2 M 171[100,30] m BEEH, [F25 IF 8 A2 B m AT AR AE 7R3 %R 30 kno/h DLUR. 2 PR =40 )0 R 2 % 01
[30,0] m BB, RUAT LACEYe 4, WIRAT AL, Wt AC SR F AT, HAE O, WA
HRYE, WHE IR ETRAT. 5T RIRI RN Petri WAL LA K M Petri W 31| CCSL 29 R IFIFE LRI, 13 314500
FUBELR A CCSL FiR i 12()fioR. $tF—A CCSL AW, WRAFE—ANREEWLILITE AR, 4 Heii
%L AR TR 0. R MyCCSL TR 62230 i VBB (Y] CCSL 29 sRAE T 4347, IR A sat, BLI%
LR R, B E g R 12(b) FToR.

clockistep 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 10 20

Pl0_start \_l \_l 1
; mar

1. plO_start < pll_mark A pl2_sign phi_mark — L JL

2. pll_mark~ pl2_sign < pl3_light A pl4_speed pl2_sign ] L] L]

3. pl3_light v pl4_speed < pl5_police.test pla_light o

4. pl5_police.test < pl6_police.yes + pl28_police.no despees o

5. pl6_police.yes # pl28_police.no ] r

6. pl6_police.yes < pll_stop_line pis-police est

7. pl28_police.no < pl29_end pl6_police.yes Mo
pl28_police.no L_‘ l__l
pl7_stop_line ,7
pl29_end ,7

(a) CCSL £ 34k (b) WA

K12 R B IK) CCSL 2y S LI Bt

AR AT VL A I B BRI RS K, 455 CCSL 29 sARM € R GeAT A A% L I AS g 1, JF
KRG BN R IR A LTL A AT AL AR, 7EHI B Db, JREGUAT Jh 09 A2 (1) ML A8 0 o ]
TRy A AR R TG AT B AR FEANRE I I DL, LTL A SR ik

G(—((pl6_police.yes)A(pl28_police.no))).

HT RIS RAF R Bl E 12 PR CCSL AW LR JE v LTL AU
MyCCSL ‘LA, FFEH] Z3 KA i A= i) SMT Al 2 1. 7EAFRIL S N B LB A, Z3 S2iR
LR A B YL unsat £ 50 . XA BRI BETH AL T AR IE, Wi T RS KN —SEL L.

2 R TR AN )14 S AT R R e R 0RO 5 RN TR, &5 SRR W, B A S RO n, B AG 56 B I TR 2%
BN, A FAKT 100 I, Bk AE Lo B A HE AT BLSE R, EAT R IR

F 2 HEIR B DAY LTL B8 Ja M A I 45 -
G(=((pl6_police.yes)A(pI28_police.no)))

Ik G iffil(s)
20 unsat 1.38
40 unsat 6.16
60 unsat 21.60
80 unsat 47.36
100 unsat 95.62

(2) ATIAF 5T AR
FEASIEAE 5T A rh, MR ZE AW A A5 1 2R AT AR AT, WA IBAE AT, WIS AT, W ardT, Wi
A, EBVAR ST MR AT, AR AT, AR RT B O kg, R AT; SR kT HoA R
kg, MRS RE. IR ZE AR E AR AT I, W SRAT AR AATREE, WIALAEAT NG PN 1. JE T Petri
PBERI DL AN Petri P E] CCSL 29 IR 3R, 13 BIACE A5 5T Bk ®y CCSL i il 13(a)ffis. FIH
MyCCSL I H O ATl A5 5 kT BEH 1) CCSL Ly AR AT 407, IR IS5 o sat, UEBIZL A2 nl i 2 i, JLmt

BRI R 13(0) iR,
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3016 BAFFIR 2023 5% 34 K5 T H
clock/step 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1. pll_stop_line < pl8_light.red + pl9_light.green + pl10_light.yellow + pl11_light.no
P i P P _Ag PEAE X & prnne Ay prEE plé_light.red 11 M
2. pl8 light.red # pl9_light.green # pl10_light.yellow # pl11_light.no
3. pl8_light.red < pl12_wait pio_lightgreen LT
4. pl12_wait < pl9_light.green S0 lightyellow
5. pl9_light.green < pl13_go
pr_light.gre pros pl11_light.no ’_‘ ‘—\
6. pl10_light.yellow < pl12_wait + pl13_go
7. pl12_wait # pl13_go pI7_stop_line [—
8. plll_light.no < pl13_go pl2_walt
9. pll4 d.pedestrian < pl15_gi .pedestri
. p1137ma pleljs rla;z Z J-gzv;wlaype estrian sao M i
. pl13_go = pl14_road.pedestrian
. . pl4_road. " ’_\ ,_\
11. pl15_giveway.pedestrian < pl13_go
pl15_givewa: ’—\ ‘—\

ANREIFIIN HR B Z0AT S I B 4 A0 1 A AE £ 1 e il 42

(a) CCSL Zysi4E
B 13 ZTWAE ST B CCSL £ A4 K St 4 1]
TEACIAR S AT B, s LTL AXEGIE RGEAT WL RSB e, B, 2007 FIZR Wi s S 4 DIRES

(b) el

SR, AR IRIE N AT BN . JE T MyCCSL A

SR IG UE R AL JE P LTL A€ X, A A LTL 2 Uik 4 & e b X, R 3 WoR 7085 547
BRI iZ BA B R MERA . LTL AR R I UESE R, JLIE e 5 B i I BEHA ), AN FEER.

3 ATHAFE SR LTL A kIl 45 2R
JEPER & LTL 45X g
1 ZLXT FOLRT A fie [ I H 30 G(—((pI8_light.red)a(pl9_light.green))) unsat
2 ZLAT AT AN B [ I H B G(—((pI8_light.red)a(pl10_light.yellow))) unsat
3 SN RIS AT AN BRI 1N 3 G(—((pI9_light.green)A(pl10_light.yellow)))  unsat
4 WURLLAT, s 42554 IR N5 1) G((pI8_light.red)—(X(—(pl13_go)))) unsat
5

WRAT A AT RE, WALL

FAT NCEEBINE 1) G((pl14 road.pedestrian)—(X(—(pl13_go))))  unsat

(3) B AT B
TEER AT AT, IR A e N B VR, [RDD AR U A 0 250 . AT R R R AT N SR e R
A7, WREAT AW ZE4; R EATE EWAT, WAL EATEM, Rk Om A, WALIAT A &, B 475,
HAE B L. LT RN Petri MIAREL LM Petri %] CCSL 2o &L e BN, 75 31 B 1047 Bl 1)
CCSL it 14(a) . FIAH MyCCSL T B % AT BB CCSL Y AL AT 4341, IR [BIZ5 54 sat, Wit
W% 20 PR 2 ATt 1, G b Pl 5 A T 14(b) TR

© PN L AW~

. pI25_road.pedestrian < pl26_giveway.pedestrian
. pl27_crossing = pl25_road.pedestrian $
. pl26_giveway.pedestrian < pl27_crossing

(a) CCSL Zyifi 4k

clockistep 123 456 7 8 9 1011 12131151617 18 19 20

. pl26_giveway.pedestrian # pl27_crossing

pl13_go < pll6_test.right A pl17_test.straight A pl18_test.pedestrian
pl16_test.right < pl20_giveway.right + pl21_crossing pre-ge _____lzl:_u L
PI20_giveway.right # pl21_crossing oo estpedestran] || )
pl19_vehicle.right < pl20_giveway.right s 1 L LI LTI 1L [ 1
pI21_crossing = pl19_vehicle.right $ 1 O E— I I p I
PI20_giveway.right < pl21_crossing o st M mlim M M
pl17_test.straight < pl23_giveway.straight + pl24_crossing
pl23_giveway.straight # pl24_crossing Plii_sresing NEN L
pl22_vehicle.straight < pl23_giveway.straight pis_venicterign| | [ Ul
. pl24_crossing= pl22_vehicle.straight $ 1 R 1 Tririro e
. pl23_giveway.straight < pl24_crossing o M ML ~
. pl18_test.pedestrian < pl26_giveway.pedestrian + pl27_crossing I -

pizs_gwewaypeassaiad] || LI LU L [

1 parerossmg —— | L] LT LT L L

. pI21_crossing v pl24_crossing v pl27_crossing < pl29_end

pl29_end

=

pizs_roaapecesian | L] LI LT L

-

14 B ATRORCER ) CCSL 2 o 4 K H I b

(b) I Bl E

© HEFRE

1

e v
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FEBE AT BB, BT CCSL LA LTL 2 sUIGUE R ZUAT Nl L AR . & 4 o T AT
BN % HAT I JE P tid . LTL AR MIRUESTR, JLI IR fE 5 0k i OB ), AN ¢k

X4 B OATHOBIER Y LTL AR I 45 SR

A A LTL A5 4k

LEAT A U A0 R 8 10 4T B A B 7] I 1 0 G(—((pl20_giveway.right)A(pI21_crossing))) unsat
WELE ELAT ZE AR B AT B B 5] IR I G(—((pl23_giveway.straight) A(p[24_crossing))) unsat
ALAEAT A RIER D47 BEAS B 6 1 30 G(—((pI26_giveway.pedestrian)A(pl27_crossing)))  unsat

WA A 4, WAEAT A ZE R ClE % AT 3 G((pI19_vehicle.right)—(X(—(pI21_crossing)))) unsat
WREATHE, WELEEATEREER DITH)  G(pl22_vehicle.straight)—(X(—(pl24_crossing))))  unsat
W AN, WALTEAT A Gl D473 G((pI25_road pedestrian)—(X(=(pI27 crossing))))  unsat

Tk FIATALH CCSL M0 415 2 B 1 2o 3637 sn B B [ 5 48 CCSL AR 4E, JT7E e 3 T R 45 1 ik
ATFCB 30 UEF ALl L RIS AIE, 360 UE 45 AR 5 S0 5 TR I AC SO AR B AE 45 R EAT T R, R, B EEAR
KM BN LTL AXNTFEZL # 5E MBT FET R T R AR W — B 50AE, 4585 B AT B
LTL BERS S AR, o6 s sr G e R W, 16 O A% S i) CCSL AR AETE AR R A M HA W
Wi, JEHITGESL. thAh, dad LTL A XX D58 E T BB %t 5 R4 75 ki — Bk
53 XXBEABEEESHH

S b, A X% VIR st B B T 40 S 2 5 5 AT Yo A st Rk X 4 ST Il &
T BRI DU 3.2 I A e, oM@ 15 BRI BAT. AR KX 3 AT
BEAL W 15 WL, A8 U &S T 3 s B 2 () 1 20 A0 [R) B A8 PR B, o TR 2 v 1) P AR ST 1) %
X, XRMAFFR

[ Y S U R S

(a) HAT
B 15 28 X ik dg s

T 5. FPTATT%, R Tina BAEXAZ X 844 17 3 SRR EAT 05 5L b, T A i SR, AT
PR BATIE L A7 S PR AT RTIA TR, 0 W3 BT M) 3 100 A2 S i R R 1R 25 5.2 Wb Uik, (A
MyCCSL T HAEAF 2 5t Loxh FIRBRIEAT T A AT S0k, mT S A A BE R R TE S0 B HL AR 2 TR e, L0
Bris UESE KUK 5 Pizs. IR 5 Blleik vl LUR Y, BEAE L F (R OK, SRR I 5] W S i n. Js A 2R e L A2 08
BEMIER, T80T BRI [ Bz HEOK, EAEAT RN TR, S RS BB I IE RS IE S5 R, WA SOk 2
RIAT A ).

SARPFEAERT  httpe// www. jos. org. cn

"l




3018 AR 2023 455 34 A5 T8
F5 A OERL G 45 R
W | AAME | s Ul 30 40 50

% Bk R R(s) | SR W) | AR IN(s)

X Skt 1 CIRT P X e sat 51.65 sat 247.78 sat 820.61

i3 ) - BB A unsat 77.67 unsat 29331 | unsat 1096.57

I 5 ﬂj}&i]:i’fﬂ—; sat 14.57 sat 94.08 sat 305.15

7 \ \ R - BER unsat  25.13 | unsat  173.52 | unsat 243.1

5t FrbE AR | sat 42.12 sat 193.00 sat 509.73

1 A BEA unsat  52.15 | unsat 205.80 | unsat  428.66

s piskgpy  TWOCEE | sat 2250 [Tsat 12070 |Csat 21381
a5 BB unsat  48.82 | unsat 165.35 | unsat  347.40

A LTL 2 BRI, B b R vk 5 R e SR — &k, th 58 52 WEarmnd 17 i
AR O & PES R R, i) HLAF AN BASAR S TR R G ME AT IF), PR, X B H AT AR kX 3
AN SRR JE TR S LA RS R R 6 Won T ARG RAT 1 MR ME R JLTL 2 sUERoR IR IE SR, S
SR DU T A8 SO 1 3 55 2 OB RE S T I AR S R SR AN — B R IE

F 6 A XEKI LTL A K 45 1

o P At LTL A= g
1 ARG AT R AT BEAS e 7] B IR G(—((ps18_giveway.vehicle)a(ps20_crossing))) unsat
2 A ALAEAT AR FAT B BE IR L | G(—((ps22_giveway.pedestrian)A(ps23_crossing))) | unsat
3 WURATE =5/ 0%, /> H6kAT G((ps17_vehicle.less)—(X(—(ps20_crossing)))) unsat
4 W DA A, WALIEAT A G((ps21_road.pedestrian)—(X(—(ps23_crossing)))) | unsat
5 AT AR 14T BAS BE RTINS HH B G(—((pr18_giveway.vehicle)A(pr19_crossing))) unsat
6 1kt ALIEAT AR AT BORRE R BT I | G(—((pr21_giveway.pedestrian)a(pr22_crossing))) | unsat
7 N WU B A2, WARAT B 44 G((pr17_road.vehicle)—(X(—(pr19_crossing)))) unsat
8 W DA N, WALEAT A G((pr20_road.pedestrian)—(X(—(pr22_crossing)))) | unsat
9 LEAT ZE4F0R % 14T B AS BE 7] B IR G(—((pt19_giveway.vehicle)A(pt20_crossing))) unsat
10 3, ALAEAT AR FAT ORI L | G(—((p122_giveway pedestrian)A(pt23_crossing))) | unsat
11 AU RR A 2, AEAT B 4R G(pt18_road.vehicle)—(X(—(pt20_crossing)))) unsat
12 WRER AN, WALLEAT A G((pr21 _road.pedestrian)—(X(—(pt23 crossing)))) | unsat

5.4 IHRIEZRY A 1T

7E B WY AR, TSR AR . IR SRR S A . R AR MR HAR
T, T DAL SRR i 3 AR AT AT IR R R 5 [ B SRR S AR e — R vk B, R
FA8) 000 iy N RT3 4% A PR o, = S R AR T S o A B AT (0 B 4 T, PR i (R B0 SR B R 3 A
FRAAE R e v, HARAT (R A0 A 5 A AR R PR, ST, 158, WFFT 1 2T A0 ) (A8 )ik
MR S AR 77, W TR RE R T R —BUERAF A, R)5, TR T T alm A 3) 2 5t
RN 1 Ak 5k, B 34 RS 8 75 07 SR BT il 18 302 SR 20 v S 1 3 5 T 49

SET A8 A S R I R, Gl T RS AT SR I — B I, 3 W AR 5 0 3R AE AR Y 1) A8 LR
P BN, 28 X% O s B R R T R % VAN, WALAEAT AN AR TR IE, S AR R R R AT
“BE T ALAEAT AN IX 40 A SR 5 S T 1K 1 15 P T 1 3 e AR R A R K R 0 R A A R R 4, vl T
A R IR FH 18] R 08 7 55 3 S B BT B A R AR, g e 8 SR AR 37 seo A 2R T A 1) A R D e, N T S L k5
FREE IR SR IE A B2 By E T SRR H . R, R A S B Ry A E B T TR AR R 3
FBIIAR, W] A 3h 28 Wk 2238 5 T s B RAE MA@, A, Wk AW ERET waH
e, VLR 32 By 2 A7 A T S A S B [ R e, IS B N 43 T R 11 A S TR 7 A 1 R AR SRR

M B2 B SR T 0 S AT AU A R e, DAAE OB AR g g, IR AT T T R S 1 3 A
RO 5 8 TAE RS2 b B AN, i, R 4 Fros a8 Xk D A2 gy serh, AR s 55 H b 6 4% 0 I oai
I, SEEELR) H bR AR5 TR Pr: pl18—t128—pI25—t129—pl26—1130—pl18, WA= 178 55 1% H br ik 12
BB H T LSS IR 3072 SR 4 ST T W AL AT N A ;0 SRR B H AR AR L AR

AT
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Py: pl16—t120—~pl19—t121—pl20—t122—>pl16, W) AL 5 11 I8 B0tk 7T LSGIE B 2) 2 ByR 42 e ol sF 7 “B% ik
AT A3 1 2 @A, R IEEX ) H bR B 12 & T B/ A2 Ps: pl17—t24—pl252—5t125—pl23—1126—pl17, N
A R IR T LSS AIE A B) 2 R 4 R AT T M AT BLAT R A A AU 5 S TR R s ST
AL AR 80 55 3 S H AR R AR 1 K B s, A5 0 BN R K B B 2 BRI T Sk, 2P,
HF I o AR R B4, R 2 B AR Ak )5 A48 R AL 48, % 2B i i It 490 33 47 0 o e e,
B TC A 003 A A8, AT S 30 o WA FH 9 42 B Ak, 64 BLER ST o B 58 A 8 k11 30 28 B R 4 1) mT S 12k,
T AR A FUI i 22 T AE.
ST S U Hb Y T AT R 3 B B AR [ h 7 B AR T R AR A, A TR W B OR R R T4 )
B O S, R, BT RIE . BTSRRI SR A Y v RS S A, MO S
RPN EEE W T : https://github.com/xiachunyan/test1.
55 FHERBIRTEMN
R, HAR AN B R TR R, HS A BOR . SEE . BRI S WAL TR R B, &
XA B2 3R 37 bR A LT SR A 2. TR, ASHIFSE AT BE A AEAS SE B ), R T AN AN U T e T
R SR SRR
o T, MEMNG SRR AS R AL I e R, AR SAR i b e N R HLR [ T B AT A A e PG
YRR T B 3 B 3 R0 A B8 Y TBC VAL [ 3072 B o R D AR A5 [ N A IR RSl VA R, SR
T B A R IUE & H 302 3 RGN ASE LR, Fah & A8 Xk DR Y R BRI AT N, f0AL
T AL 300 [ 22 3l A VR D RE MR 5, AR G T A4 S 1) 3 SRS R R A% 15y A THT b 3R AE
A H
o Gy —U7TH, HIF 3% A A AT A I (1 T B, T AT A (A8 SU 13 SR Y, B TR A a4
TR — BB AE, BPAS X 3 st B R R AR A WUR 1438 O AR 25 TE. |1 T3 o B i R4 % 14
HOX B — 4 A8 MUE M, T USRI 34K T 92 AR BB 5 3 SR A R A S R AR R R 4B, N R LA 56
TE A 4 A HUIE 1k, T8 b 3% St H BT E 3h 28 3 R GEAT N AT IR, A RE S 50 AE F 3h 28 R 7R 2
T3 R T AN SRAE (0 B 45 A WA I, BRI 3 500 30F 1) 37 S5 B AR A i 1) 3 S 49 e A A B0 2 B VR 4
TR T BB R AL BT AR, N R P T ) ARG, 2T A A A 3 s Y
B (R 56 R
AR 11 5 8 T AR 97 3 T 20 J e a3 5 0 F 0 A e R Ak v, gk — B e 0 IR B oo H 32 Bl
FEMEAT A 1 0 S HE PRI AF, MR 78 2 M R s 2 AT 00 £ P52 2 1, A BT A L M e = A IR IR R SR R 2 5 A
AR SE & SR I 15, DL IR N M=% 58 50 98 R 37 I 4 6 A ik

6 IE\ gélz

R T AR A 3 2 B ARG 5, 7800 Tl AT 2 AR A AR, LT TR REM
VR 19 2 22 3 oy R RURR (K 42 P9 2%, AU Petri I AR AT S VA 5%, T3 Tina BOAFSGAIE T T A%
R IERITE, K Petri IR 1P AR CCSL sk, 0t LTL A I8 R4 g 1k, J#id MyCCSL T.
HIGAUE T BRI BT M AR GE i R (0 — 2Pk, S 45 AR W T AR SCHR HH A0 6 TS MU 19 ) 25 Bk A S ik 37
S AL OV AT

JRE TR AR B 3 B B R 28N 58 5 R, 2P0 LR A R ) A O VR AR
TT ik, DT S L i ff e B 5 %2 Tl 2 49 22 R T S 0 )
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