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Agenda

e Introduction & Background
e C(Case study CARLA

e Case study MetaDrive



A bit of context



Why should we test Autonomous Driving Systems (ADS)?

e Autonomous driving systems are far from perfect:

Man stuck inside circling humanless Waymo car



https://www.kktv.com/video/2025/01/07/man-stuck-inside-circling-humanless-waymo-car/
https://docs.google.com/file/d/1h8w0D2bpNPligz_hn4oevRimPxZQuebO/preview

Why should we test ADS in simulation?

e (Cost-effective
e Safe and convenient

e Repeatable!



Scenario-based ADS Testing overview



Scenario based testing
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Scenario based testing
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Scenario based testing
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testing environment
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Assumption: simulator is deterministic
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Same input scenario should yield same evaluation results!



What if simulator is not deterministic?

e Great chance of flaky tests!
® i.e.atestscenario can pass or fail without any

changes to the ADS under test



Research questions

e RQ1: How many test scenarios are potentially flaky due to

simulators nondeterminism?

e RQ2: How flaky are the test results of the potentially flaky test

scenarios?



Case study: CARLA



What is CARLA?

e An open-source simulator widely used in the

research community

e Claimsto be deterministic:

Physics determinism

CARLA supports physics and collision determinism


https://carla.readthedocs.io/en/latest/adv_synchrony_timestep/

Methodology (1/3)

128 Scenarios CARLA TransFuser++ Safety
\ - violations

Repeat 10 times



Methodology (2/3)

e During scenario execution we count following violations:
o Collisions with other vehicles, pedestrians and static objects
o Running ared light/ stop sign
o ATime-out (car can’t reach the goal in expected time)

o Vehicle blocked (car can’t move due to deadlock)



Methodology (3/3)

e ADS behaviour for same scenario should be the same

e If ADS committed same set of violations = same behaviour
e Then for each scenario we count number of unique behaviours

e If more then one unique behaviour exhibited = flakiness



CARLA’s result RQ1

Flaky
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Manually investigating flaky scenarios

e Single scenario 4 different behaviours! - deadlock
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Manually investigating flaky scenarios

e Single scenario 4 different behaviours! - pass safely




Manually investigating flaky scenarios

e Single scenario 4 different behaviours! - collision
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Manually investigating flaky scenarios




New type of flakiness: simulator flakiness

e |t’s not the test definitions that are causing flaky

behaviours...
e |tisthesimulation itself!

e Therefore its: simulator flakiness



Methodology RQ2

® RQ2: How flaky are the test results of the potentially flaky test

scenarios?

e Degree of flakiness of each infraction type:

o standard deviation of each violation counts



Results RQ2
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Results RQ2

e Most flaky safety violation: “collision with vehicle”
o one of the most important requirements

e Highlightsimportance of considering nondeterminism in the

driving simulators



Case study: MetaDrive



Similar Methodology

200 Scenarios MetaDrive MetaDrives’

\ expert violations
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MetaDrives result RQ1
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MetaDrive’s perfect determinism £,
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Discussion



General mitigation strategy

1. Acknowledge flakiness: “simulators can be flaky”
2. Prepare for flakiness:
o Latest updates, fixed simulation time step, seeded
experiments e.t.c.
3. Check for flakiness:
o Repeatedly run same scenario and assess the variance

4. Respond to flakiness: e.g. results should be compared using

statistical test
33



Conclusions



Summary

e We Empirically evaluated the determinism of CARLA and MetaDrive

o CARLA has intrinsic nondeterministic

o MetaDrive is capable of deterministic simulation

e Identified new type of flakiness: simulator flakiness

e Provided guidelines to mitigate potentially flaky tests in

simulation-based ADS testing



Any questions?
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