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GCE3S: A Method for Generating Safety-critical Scenarios in Autonomous Driving Based on
Evolutionary Search

SUN Lele, HUANG Song,ZHENG Changyou, XIA Chunyan and YANG Zhen

College of Command and Control Engineering, Army Engineering University of PLA,Nanjing 210007 , China

Abstract The rapid development of automated driving technology has brought great potential for transforming mobility.but au-
tomated driving technology,as safety-critical software,will lead to huge losses due to safety violations of self-driving vehicles in
real traffic environments. In order to ensure that autonomous driving systems can operate safely in various complex traffic envi-
ronments,autonomous driving systems must be fully tested before being deployed on real roads. Due to the complexity and high
dimensionality of the autonomous driving test scenario space,existing safety critical scenario generation methods suffer from high
cost and low efficiency. Therefore, this paper proposes an evolutionary search-based safety-critical scenario generation method for
autonomous driving— GCE3S. GCE3S constructs safety-critical scenarios with adversarial nature by mapping the obstacles and
their attributes in the scenario to the chromosome structure of genetic composition, thus perturbing the obstacles(vehicles, weather,
pedestrians.etc. ) in a more detailed manner and guiding the evolutionary search algorithms through multiple objective functions
to generate diverse safety critical scenarios. In addition,the GCE3S is experimentally evaluated in the simulated environments of
Baidu Apollo,an industrial-grade autonomous driving system, and LGSVL. The experimental results show that the number of
safety-critical scenarios generated by GCE3S improve by 20. 4% and the generated safety-critical scenarios increase by 20% in
terms of diversity in the same amount of time as compared to the best baseline MOSAT method.

Keywords  Autonomous driving, Simulation testing, Test scenario, Safety critical scenario generation, Multi-objective evolutio-

nary search
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1. “ego”:{

2 “position” : {

3. “x”:90.6,

4 “y”.100. 2,

5 “27:60.5 },

6 “destination” : {

7. “method” : “forward_right”,
8 “value”: {

9 “v17”.225.

10. “v2”.—1,

11. “v3”.0 }

12. )

13.}.

14. “npes” ;[

15. |

16. “type”:“Sedan”,
17. “goal” : “mutated”,
18. “position” ; {

19. “x”:90. 1,

20. “y”.90. 2,

21. *27:50.2

22. }

23. 4

24, “type”:“SUV”,
25. “goal”:“mutated”,
26. “position” ; {

27. “x”:100. 1,

28. “y”.109. 2,

29. “27:90.4

30, )

31. 7.

32. “environment” ; {

33.  “rain”:0,

34, “fog”.0,

35.  “wetness”:0,

36.  “cloudiness”:0,

37. “damage”:0

38. 1},

39. “time” .0,

40. “mapName” ; “SanFrancisco_correct”
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Fig. 1 Scene Script
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Fyims Sy M—A B BB R 5 A VERHA TR
g T ek E CUN—SfESHP,

&3k 1 GCE3S Algorithm

Input: Initial scenario Sy ,autonomous driving System A, parameter set P
Result: Test Scenarios T,Safety critical scenarios C

LS {},T = {},C~{}

2. IntiEnvironment(P)

3. for i in range(0,P. pop_size) do

4. S" <= randomMutation(S;)
o. result <= Simulator(S', A)
6. S'. fitness < getfitness(S")
7. S<~suyU¥¢

8. if result. isViolation() then
9. cC~—cUuyy¥

10.  end if

11. end for

12. Repeat

13.  S.< multPointCrossover(S)
14. S, < adptiveMutation(S)

15.  foriin range(0,S,,. pop) do

16. result <= Simulator(S,,. pop[i].A)

17. Sum. pop[i]. fitness < getfitness(S,. pop[i])
18. if result. isViolation() then

19. C <~ C U Su. popli]

20. end if

21.  end for

22. S < selectTournament(S,,)
23. if S.isNoProcess() then

24. restart(S)

25. endif

26. until given time budget expires
27. return T,C
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