® SOCIETE DES
0 INGENIEURS DE
L’AUTOMOBILE

Smart Testing of Intelligent Systems

I SIA SIMULATION NUMERIQUE 2021
DIGITAL EDITION // 7 & 8 AVRIL 2021

Yassine DAHIR

08.04.2021
dSPACE SARL, Burospace, 91570 BIEVRES

D) Fusmmos
SIA SIN

-
; ——
NUMER QUE Avec le support de PF A | ''''''' —g——p= | LECOMITE F|e‘/
pof = ;' . . .. BV N W | AUTOMOBILE
S - B (g awoniires  CCFA | MAGAS DATOMIBLES  ozens v
3 h i = g o e



1 LSY.
faan

> (111

Q | g

(")

-

Q.

Q
PRS-
| aaa——

o 1oee e
[T TRIT R AT

1. Motivation and Introduction I :
2. Scenario-Based Testing Workflow =
3. Smart Testing =¥
4. Summary and Conclusion

} 'H‘|I__w,'
Hl——il\ ,..,_ =—

o\

TN

UL Lkl

- 'L'.f.l.;
< L
atd uxﬂhq;. ,‘“f

t
t

2 Smart Testing of Intelligent Systems Embedded Success dSPACE



Verifying Functions for Autonomous Driving

: : ' ew feature 8_109
= Number of tests increasing 1 Mio km /n 108 - 109 km

= Millions of kilometers to be driven In the future

1 Mio km in 3 days

= Scenario-based SIL instead of Requirement-based HIL
» Parallelizing SIL & Cluster/Cloud Simulation

= Standard Scenario-based testing is still too time-consuming
—> Smart Scenario-based testing
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Test Workflow

Creating Executing Analyzing

Tests Tests Results

Scenarios Tests Test Results
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Scenario Management

Fellow -_ Obstacle

Scenario:

» Road, e.g., shapes, lanes

= Maneuver, e.g., velocity profiles
= Traffic, e.g., fellows

Scenarios
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Scenario Management
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Scenario-Based Test Creation

Creating

Tests

Scenario Configuration
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distance VFellow

Parameter Variation

VEgo VFrellow distance Other
[km/h] | [km/h] [m] Parameters
105 80 25

110 85 25
115 90 25
105 90 25
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Scenario-Based Test Creation

Creating

Tests
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Scenario Configuration
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Parameter Variation

105
110
115
105

VEgo VFrellow distance Other
[km/h] | [km/h] [m] Parameters
80 25

85 25
90 25
90 25

Test Creation
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Scenario-Based Test Creation
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Creating
Tests

Scenarios
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Scenario Configuration
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distance VFellow

Parameter Variation

VEgo VFrellow distance Other
[km/h] | [km/h] [m] Parameters
105 80 25

110 85 25
115 90 25
105 90 25
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_ Cloud . .
Hardware-in-the-Loop Simulation / Test Results

Simulators

Execution
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Creating Executing

Scenarios Test Results
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Analyzing Results

Creating Executing Analyzing

Tests Tests Results

Scenarios @——l) Teosts

o) Tost Results
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Smart Testing

= Parameters:

13

= Ego velocity: vgg, € [105,115] km/h
» Fellow velocity: vgeow € [80,90] km/h
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Scenario Configuration

vEgo
|
e .
o _‘ _______ T
e 7/
— [ 'T'_ -~ Obstacle
I
distance VFellow

Parameter Variation

VEgo VFrellow distance Other
[km/h] | [km/h] [m] Parameters
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Smart Testing

= Parameters:
= Ego velocity: vgg, € [105,115] km/h
» Fellow velocity: vgeow € [80,90] km/h

® New parameter variation
¢ No crash case

* Crash case
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distance VFellow

Parameter Variation

VEgo VFrellow distance Other
[km/h] | [km/h] [m] Parameters

of

Test Creation
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Smart Testing

Algorithm Framework

Creating Tests Executing

Analyzing

Results

. One-At- Cartesian dSPACE SEA: Stochastic Evolutionary Algorithm
Algorithms: y Al
9 [ A-Time ] [ Product ] [ SEA ] [ Custom ] Custom: Custom algorithms
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Smart Testing
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® New parameter variation
¢ No crash case

* Crash case
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Scenario Configuration
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® New parameter variation

¢ No crash case

% Crash case Scenario Configuration

Smart Testing

vEgo
|

= Objectives of Scenario-based testing: ] :

» Good test coverage of the parameter space

» |dentification of critical test cases
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112 113 14 115

Parameter Variation

VEgo VFrellow distance Other
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Smart Testing

Algorithm Framework

Creating Tests Executing

Analyzing

Results

. One-At- Cartesian dSPACE SEA: Stochastic Evolutionary Algorithm
Algorithms: y Al
9 [ A-Time ] [ Product ] [ SEA ] [ Custom ] Custom: Custom algorithms
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Smart Testing

= Smart Testing: Learning from former results

= |terative test parameter generation based on smart (mathematical) algorithms
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® New parameter variation

¢ No crash case

% Crash case

SEA: Stochastic Evolutionary Algorithm

Custom: Custom algorithms
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Smart Testing

= |[nterpretation of the algorithm results
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® New parameter variation
¢ No crash case

% Crash case
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Smart Testing B
No Crash
: : With high
= Interpretation of the algorithm results inimal
= Evaluation using continuous objective functions distance
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Crash

® New parameter variation
+ No crash case

* Crash case
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T-minimal distance

Smart Testing l
No Crash
: : With high
= Interpretation of the algorithm results inimal
= Evaluation using continuous objective functions distance

= Other objectives like comfort or fuel consumption

VFellow in km / h

105 106 107 108 109 110 111 112 113 114 115
VEg In km/h
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1

1 +imiact velocity

Crash

Crash

With high
impact
velocity

¢ No crash case

* Crash case

® New parameter variation
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Smart Testing

Algorithm Framework

Creating Tests Executing

Analyzing

Results

(Multi-objective) Surrogate Sensitivity Artificial Custom

Optimization Modelling Analysis Intelligence Algorithms 000

23 Smart Testing of Intelligent Systems Embedded Success dSPACE



Benefits and Features

X

Customizable

Algorithm Framework

Creating Tests Executing

Analyzing

Results
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Future Prospects

L
o A

Store Cloud Automatic Smart Customizable

Algorithm Framework

Creating Tests Executing

Analyzing

Results
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Future Prospects

Store Cloud Automatic Smart Customizable

Algorithm Framework

Creating Tests Executing

Analyzing

Results

Selecting Scenario Framework
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