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8 tivation esting autonomous driving system (ADS)

, is important and challenging

Importance
Safety-critical

Continuous
evolution

ADS Ievels

FuII
Automatlon Automatlon

No sufficient test data Exhaustive ADS testing Current approaches are
or test scenarios for is impossible due to not adapted to system
testing ADS practical constraints evolution
Challenges

DeepScenario: An Open Driving Scenario Dataset
for ADS Testing



DeepScenario dataset was created by executing

Methodology ,, environment configuration framework

_________________________________________________________________________________________

. Environment configuration framework . Dataset .
e ee Mmoo \ Creation |

] 1 . . . Yot . 1 :

| | - Configuration Strateg/es‘! ! ) ! s —: 0 :
' i RL-based strateqy | System HTTP ' R : - |
; I Agent | status response| : ! ~N | :

Test setup —>': : ; REST) = | Testpata
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! | * POST, request | \ I :

| P < Status APIs N = : i

! Random & Greedy ), e ; o

! 'L strateqy ) [ Config. APIs ] ' DeepScenario |

! NN 1 :___P_aﬁss*z:__:

DeepCollision Baselines Reward Road/Task Weather

RL-based environment Random & Safety: Rrrc, Rpro R1, R2 Rainy day, Sunny day
configuration learning Greedy Comfort: Ry, R3, R4 Rainy night, Sunny night
Lu, Chengjie, et al. "Learning configurations of TTC: Time-To-Collision
operating environment of autonomous vehicles to DTO: Distance-To-Obstacle ' 7
maximize their collisions." IEEE Transactions on Jerk: The changing rate of
Software Engineering 49.1 (2022): 384-402. acceleration
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(a) R1(1.0km) (b) R2 (1.2km) (c) R3 (1.0km) (d) R4 (1.5km)




Metho dology We design DeepScenario toolset to facilitate

Scenario definition

S =< sceneq, scene,, ...,sceney, T}

Environment
Weather
Road user

Ego Vehicle
Acceleration
Speed

ScenarioCollector

<DeepScenario tinest:

<Fileieader author="Greedy_Strategy" date="2021-11-27T10:00:00" description="DeepScenario Format" sinulatorVersion="2021.01"/>
<€nvironments

<OMap city="SanFroncisco®/>

<EnviromentInitialization dateTine="2021-07-08 08:00:00" fixTine="False" unixTinestonp="1625702400" >

filepathe y />
</Environment>
<Entities>
ject node CHO9SALT-fef3-4c 1-b520-220464 1483117
kobjectparameter 0bjectColor="Default" ObjectColorVector="Vector(-1, -1, ~1)" ObjectTypes"Ego"/>
</scenarioobjects

‘BoxTruck(Clone) 48bbebbo-b126-4978-b2eb-2acb7184b7d0">
tType="NPC"/>

<Scenario0bject mode
<ObjectParaneter ObjectCo

“BoxTruck” nane="NPCO" u

efault” ObjectColorVector="Vector(1, @, 0)" Ob

</Scenario0bject>
</Entities>
<StoryBoard>

<Initialization>

<ObjectInitialization objectRefs"

<ObjectInitialPosition
<ObjectInitialRotation rotationX="9.01" rotationY
<ObjectInitialvelocity velocityX="-0.8" velocityy=
<ObjectInitialAngularVelocity angularVelocity
</ObjectInitialization>

" angularVelocityz="0.001"/>

<ObjectInitialization objectRef="NPCO">
<ObjectInitialPosition positionX="-220.176" 10.208" positionz="236.698"/>
<ObjectInitialRotation rotationX='-.8" ="85.842" rotation 0"/
<ObjectInitialvelocity velocityX="g" velocity veloc />
<ObjectInitialAngularVelocity angularVelocityX="0" angularVelocityY="e" angularVelocityZ="e"/>

</ObjectInitialization>
</Initialization>

Scenario file

recording and executing driving scenarios

ScenarioRunner
. Yy

% (' J

Scenario Replaying
info scenario

Sedan"

'white",

"NPC",

Sedan (Clone) 362986ab-a2a8-49d1-aa74-6ec130ebe17a",
"initialization": {

"position": {
"x": -40.673,
y': -1.036,
2" -11.588

h

"rotation": {
"x': 0.0,
"y': 104,823,
2" 0.0

h

Scenario diagnoses



Dataset 'We show Scenario distribution across roads
Analysis and weather conditions

Scenario distribution across roads Scenario distribution across weather conditions
TR DR JR TR DR JR
40001 1212 s T 0e7 1066 1107 4000 110 4599 1081 e 1063 1145
- 00 R 0B W l D -
é 2000 1158 o 5 1224 1172 1143 1135 § 20001 s 1132 1089 509 1109 1041 - E 1121
10001 517 521 691 1000 E 480 l 684
) . . . . - . . | . - . .
RLS RS
Strategy Strategy
Road rt i re rs [ re Weather ro [ RN so [l s~

Road 4 has the least number of There is not much difference observed

scenarios generated. among the four weather conditions.

R4 has more complicated road One plausible explanation is that the

structure, which is more prone to ADS is advanced enough to handle
collisions. Therefore, test ends earlier. different weather conditions.




Datase.t 'We show scenario attributes and their
Analysis statistics

Reward attributes Collision attributes
Time-To-Collision (TTC) Collision (COL) Scenario attributes are used to characterize
Distance-To-Obstacle (DTO) Collision-Type (COLT) driving scenarios in the dataset.

Jerk Speed-At-Collision (SAC)

Jerk Rrre Rpro Rjerk

Statistics of reward attributes Statistics of collision attributes
TTC
201 ST COLT

DTO
15 ] 1342 1403 6ba
1 151 | 6.
10] 6p7 6] 888 0 505 547 NPC 250 497 222 376 153 583 625 475
5| 1P5 101 51 rs PED 2 627 21 504 27 527 50 521
0. 5] STA 4 608 5 330 16 339 25 380
] 20 183 12004 SUM 256 500 248 386 196 555 700 475
4 ] 10.
o 6po 644 |’ SR’ 4.84 NPC 36 331 47 317 53 287 136 3.9
2.51 10{ 559 ] rg PED 5 349 8 454 9 388 2 403
51 5] STA 0 NA 0 NA 0 NA 0 NA
0 |
5@9

#Cst  SACsr

ql

i
S

qa

Attribute Value

5
20 201 0 SUM 41 334 55 337 62 302 158 3.22
15 151 91 499 509 NPC 60 381 44 387 52 324 156 3.64
0] a1 SR7 Gp2 | 61 $ s PED 13 363 11 383 9 456 33 395
54 31 STA 0 NA 3 063 0 NA 3 0.63
0+ - - : °] - - - 0- - - - SUM 73 378 58 370 61 343 192 3.64
RLS RS GS RLS RS GS RLS RS GS
Strategy Total 370 457 361 376 319 4.65 1050 4.32
RLS outperforms RS and GS in terms RLS achieved the best performance in

of all three reward attributes. generating collision scenarios.



—Dataset |pDeepScenario can be used in various ADS
Usages | development contexts

Analyze scenarios for further diagnoses Select and prioritize test scenarios for
regression testing

""""""""""""""""" o Test |::> Selected test
e 2 i ;
e T scenarios scenarios
Scenario file [> aS
R

- : [ ADSvn | [ ADSwvn+1 |

<<<<<

,,,,,,,,,,,,,,,,,

Further resources

oo

Usage example 1: https://www.youtube.com/watch?v=M1c0zP_cKz8
Usage example 2: https://www.youtube.com/watch?v=M1c0zP_cKz8
Usage example 3: https://www.youtube.com/watch?v=M1c0zP_cKz8
Usage example 4: https://www.youtube.com/watch?v=M1c0zP_cKz8
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With ADS enabled Without ADS enabled
Questions?

Lu, Chengjie, et al. "Search-based selection and prioritization of test scenarios for autonomous driving
systems." Search-Based Software Engineering: 13th International Symposium, SSBSE 2021
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