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Figure 1 Framework of AdvSce for safety-critical scenario generation

LS 5FEIT NI AR5 AV-FUZZER M0 X508 2 535 K5 T s AT @8, JhHs3 5oe SN
WZ5F T IMER TS, MOSAT M BTl fe e X 7 B B e AiLZ 5E L6350
15, B R EEES R TAENA T XENSEG AdvSim 12 S TIasl #4808, 18— Vel 3t sh 4y
SERNIR R 2 5 L. SR, 18Ty A5 S Xt AT N o b, TR AER T i KU,
SEHAE S EVERBOR, B8 KE L5, RS K.

o AT BT A BN A RGAT NI AE, A 4 o0 it (s SR S R ik B~12),
RRFFEADN I F 0T L RE, DR 3 M 2 &N e bR 51 SO RS, RIAFE R A, &0k
SEAF AN A5 B, Xk DLORTIEAE — & (007 SR R B )il 55t st o5 Teik A B ) R 55t

NI, AP — Pl () & 4 Qe S AL i 1, FFSEBL T RERL T AdvSce. #0512 ) T H A
FINFIZ MBS 5%, M Emsh EERAT AT T, BN 2R B 5. AdvSce (1375342 RE
ZRENIE 1 s, HRAA LR AG (1) AR B R aa 3 50 O AR ORI T AL, PRI B
K _ERSLE 51T 08; (2) 2 TXEZAT N, Asifg ik 2 e {2 80esm; (3) K
2T IR AT %, AR S AR N AL R 5 (4) RIE LR R R AN
e, W& R 5 S B ), RPN GO AR AT AR BN 98, [R5 S A RN AT v L TR,
BE— D i e 2 4 R A A R

AdvSce FIAENIOLH7 098 T, P08 O, 5eRont BB R S Nht. TR bR At 1
“EE I Python API, FI T QIR S 7 L EEEE . B RAERSH. i sii maiR.
JUATRA AdvSce [ APL 3 EBUA TRIBETT; BT T SR AL, Mt — D .

2 AdvSce Z&XBIFEERFGE

MEZES. GEMIRHFIE, AdvSce B 56K U7 BT RE o RAF (19 32 2007 B IR 42 et 4,
ARAF LR 2208 LURAR B3 oD 2 IR ] . AR RS s LR, 456 e it B SR I (1 4R ETE G &,
MRAE D s RS AL, SRECHAT NP A, BT AP0 IS s L g 8, 581 b i &
AN TEERN BT I — R B, FOR BRI BE T AT R, BlindEia s . AMASE. A
ek,

RS H == EE. 3T LR 5Th AT AR5, AdvSce PN P BRIIESIA LIS 5
HRRIRAL BEH, (2B S 5F S G, B BICREBUTS), @555 NS 5E M.

o SRHUH AR . H SR AL T AN AR AT SR 0L b, Ros T R AR 5 5N A
S 5FRAEMMOLE, RHEIZZES S5HEVIMETER NS %, AdvSce NEMAT AR TR T

816



FEB FEERE B3 % 4

55200 S H AR AR R ORI AN AR AR BAT N, 4% I (8] 1R R R AL B O H AR
R N TARIE L ARTE S SR B RIAT Y, H R m e AR D) AR S S SR L TS A
TEIENAT ARG« A e, I E R PL 5 Hpl 8 A A AL

o WML E V. SIS 53 B35 ] g N — H B & P S, BESIAS 5 EKE
SIS e, xRS B AL S, R SIS 53 EEHHEMS L, wT DTG A &, 15 1% 2
55 REN SHIIE R 0 B AL R — N 2 B0k B AR A B BT TR iR s, HERS
SINAZ 82 53 A H bnhl i 5 BTSSR AR AL, AT BE RO 5 1 e A 2 A T ) R E 1
KE. I, AdvSce $ T KIAT AR AL B kA s oA —MESEIXTR]L. 2 A HARRIESE 06 LI AS R DX 8], 28
TEIANZ5&RYIGAL B

REXEIHFEM. AdvSce AT HRIMMATNE, EREF LZEERIIRR/NIZE. 5IA
S5 B0 A BIGE P I REANESRIX R, #fE 7AiM R), 2E R R A 1 25 RS AL H b
ST

o AL EFR. AdvSce #5145 NSIBS 5& AR R 1E N £ 4 10 2 e PP b, 1280 B
FEEEHFIANZES 5F YT H AR e 28N A 2L, AT SEBI 3 2548 H AR 5 B ) 22
VR E. AdvSce FITLAL B Ry IMEZAR BE .

o fLiLTE. AdvSce M R RN, £ MXENIHBSIAZCES 5ENVIRME. 4R
IR RIAARR IS | X 8] 1 P AN 5N S 5 8 It B A 5, JFRIES ST R 1SS
SINAZIEZ 5% 23k B sk S ML SE R R, B T UOSRINERIXE. AIIANLES 5EAE
Lo 2 i 23K HARRERE A, DR AT a6 7 B 46 /N 5088 H AR Rl i S ) X TR 75 U, R BT aa 4o B 46/ %
PEES H ARRL AL Y X (8] SRR EEAT, BB R4S HUE S 5 K AR, sRHE R X E
KT BUE. ZIEAEAA RS MR RICEE, & BAT WK Z L2, R4S X T8 A A7
SR BN I F S, MR — 8 BN &R,

BREREE. 1 LR, AdvSce B SEIRYE L EAEIB AT A ATy, $REUH drfliiiE s 3
O EEAS B il s, 6 5 20 2 R DA e g 2 ) e 208 I SR 2 DAL ) LA o 22 e S 7 53
FEREE R, — DTG 5 0] BEAFAE 2 A H R 5, AT N 22 AN BA AN (R e 22 18] B e A T R 5K
fifp— A RAL T RE T e R AN, Heh R R AR B3 ST ORI a5, kEESI NS 5 it
1TitEh. ik, AdvSce SEME— LI LSS, B BLOCAT 55 ISR ARG 5 4 463 5t A IE L.

AdvSce T YE A7k H LR R A PE S NS S BRI, H Bn AR s X I8 Sa 2 el FLX B
frondiivse. B i BEARAT MR, ATPLseiNR T R AERAT R AT A 1) 2 21k

MG FE IR AR 5 R L H ARREE AL, R BAS S, AdvSce IAAMBHAT IR L. BERIEACM
BAS S BB R — A F R 5, JF SRS 0 20 AR I B x-SR gt g b 2B R e L i 7 5, 4
TR BT N FIAR AL CAE R 5h, M AdvSce $5 LAZ SO IR MR 5, SEBOL
HARRE s AR RIS, SR RS2 NS S 58 . (AL, AdvSce AEMEAEAE A7 5 A AL R,
WRYE ELAT B LA, AR 37 R B AN NN A8 2 55, 3 M0 AT e iton T
P, TFJ AR 3 T P 2 AR R EE AT, SR A Il R 57 AR B e R

817



B A AdvSce: [ A H ARG LA K H SRR

&1 AdvSce SHtREXBIARE M ERIIEREXTLL

Table 1 Performance comparison between AdvSce and other safety-critical scenario generation methods

Generation Total number of Number and ratio of generated unsafe scenarios Time to generate one
method generated scenarios Total Collision Dangerous unsafe scenario (s)
VERIFAI (BO) 350 4 (18.2%) 20 (5.7%) 44 (12.6%) 509.09
VERIFAI (CE) 350 (20 6%) 27 (7.7%) 45 (12.9%) 756.19
VERIFAI (HA) 350 6 (27.4%) 32 (9.1%) 64 (18.3%) 368.81
AV-FUZZER 329 (9 1%) 6 (1.8%) 24 (7.3%) 1272.90
AdvSce 156 4 (41.0%) 46 (29.4%) 18 (11.5%) 175.62

3 SKHSITLL

AdvSceV) i Python 155 S, fefs 7 (it 5 HAM H S Z 3 B W THZH. KA E
MSE T HAR T B35 B EHE S5 0. JEd I A A O 1, AP ml gk 22 ik =X ks th B 9523
ANF E S E S REGAEA R E TR . Har, THESZFNE Apollo HD Map A% 3 i H &,
RS Apollo H BB RS, LGSVL 15 B 3% 14 X282 1 SZE.

BATHE Apollo 7.0 {E NN RS, L LGSVL 1j H 25 N B /) San Francisco HuE{E NISTEAE I,
I3 s e 4 e i AR i T . VERIFAL 5] AV-FUZZER 19 5 AdvSce £ LGSVL H4: iz 5.
HrA VERIFAT $#24t 7 3 FeRAE v DI fi4k (Bayesian optimization, BO). 22 XA RA¥ (cross
entropy, CE)\ ZE/KERFE (halton, HA).

AT T 35 NARAE VIR 5, IR T R HIHR T EBENSI AR ES
e FEARE S EIEIEER, 4 BB SR A R AT R R, R TE B EROR S B S B Th RE, JEiE s
STEFN. KT RAVIGES R, REREZ AR 10 MishEY R, BT H VERIFAT 5 AV-FUZZER
B Zite € Sl NS 5E VI BIGHE, TA12%5 KA sl A st £ B Bl NS 5%
e BYG B E A EEL S X IR FEN 0% L, SR ES 5H R EEE.

# 1 XY VERIFAL AV-FUZZER 5 AdvSce A3 5t b, 44700 % 4 iH U3 5o 80E
J LT, DA AR RS 22 A 1) % SR FH . 22 4 ) R FE R B 5 A B R, L e 3% st
FEERNAES EHWERMER/NT 0.5 K, HARKEMAEF S, 455K H, L VERIFAT 5§
AV-FUZZER, f# ] AdvSce REWS KIRHE 2 4 M @ildg 5t E’JEEBJZKJEZHTIMK e Z % 350 N7
[PPSR, AdvSce VAR T 156 MRl TE R T AT S, JERIL T B 2 80E IR 5.

4 R

ARSCAE T — i [a) B 3h 2 3 RG24 0 s A U A S MR TR AdvSce. 17 VA REIE R
TXPEAT NEI M, Bk 32 42 2 eS8, R TR RN A ke %
R, MLIE AR T RIAR] T 5 & 2 2 R = A SCR. AdvSce B RIGIATY S
BN, KR E— 2 58 S R s A R L RS, RN S8l 72 e ki A 2 S &
B

1) https://github.com/LIIHWF /AdvSce/.
2) https://github.com/ApolloAuto/apollo/.
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Abstract AdvSce is a tool capable of generating safety-critical scenarios for testing autonomous driving systems.
The tool introduces additional traffic participants that can perturb the behavior of the ego vehicle from existing
scenarios. Existing scenario-generation methods usually require a predefined range of parameters and generate
scenarios by using a black-box optimization algorithm. Unlike these methods, AdvSce can automatically analyze
the behavior of the ego vehicle and dynamically decide the range of parameters that challenge the safety of the
ego vehicle. It is highly automated and efficient in generating safety-critical scenarios. We conducted extensive
experiments to compare the performance of AdvSce with various existing tools for testing the autonomous driving
system Apollo 7.0 in the simulator LGSVL. The experimental results show that AdvSce is more effective in
generating safety-critical scenarios.

Keywords autonomous driving system, simulation-based testing, safety-critical scenario generation, search-
based optimization, behavioral sequence extraction
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