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AV systems validation using SCANeR studio software

Alex Grandjean- AV Validation project leader
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30 YEARS EXPERIENCE IN SIMULATION, AUTOMOTIVE AND
ENGINEERING
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Area of expertise:

» Automotive

 Driving simulation

» Autonomous Driving

+ Software development

35% stake

Creation date : 2017
2018 Turnover: 125 M €
Employees: 90
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WHY SIMULATION FOR AV VALIDATION ?

Billions of Miles Of Testing?

= Need to test for at least ~3x crash rate to validate safety
e Hypothetical deployment: NYC Medallion Taxi Fleet
e 13,437 vehicles @ 70,000 miles/yr = 941M miles/year
e 7 critical crashes in 2015 E e T ity ot

[Fatd and Cascal Inpry datta / Locaf Law 31 01 2014)

134M miles/critical crash (death or serious injury)

= How much testing to validate critical crash rate?

e Answer: 3x - ~10x the mean crash rate
- 3xis without any crash
- If you get a crash, you need to test longer

e Design changes reset the testing clock

122.8M

: - 308.5M 90%
m Assumes random independent arrivals pra— 95%
e Exponential inter-arrival spacing 617.1M 99%

e s this a good assumption?

© 2017 Edge Case Research LLC 7

Is Trillions of Miles of Testing Enough?

R /goo gNmING2

(N

m At best, each road hazard type arrives independently
e But, that doesn't tell us how often each event arrives
e No surprise if distribution of scenarios is heavy-tailed
- E.g., exponential arrivals, but power law distribution of scenarios

= Beyond that, conditions are not random/independent
e Correlations: geographic region, weather, holiday, commute
e Betting against a heavy tail edge case distribution is risky

= Need to think more deeply than “drive a lot of miles”
e Need to have some assurance your system will work beyond
accumulating miles
e That's what software safety approaches are for!
- 0K, so what happens if you try to apply ISO 262627 ...

3 / e
© 2017 Edge Case Research LLC 9
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Validating High-ASIL Systems via Testing Is Challenging

Need to test for at least ~3x crash rate to validate safety

» Hypothetical fleet deployment: New York Medallion Taxi Fleet
— 13,437 vehicles, average 70,000 miles/yr = 941M miles/year
_ . [2014 NYC Taxi Fact Book]
* 7 critical crashes in 2015 [Fatal and Cntical Inury data / Local Law 31 of 2014]

=> 134M miles/critical crash (death or serious injury)

» Assume testing representative; faults are random independent

— R(t) = e2meat s the probability of not seeing a crash during testing
* lllustrative: How much testing to ensure
critical crash rate is at least as good as LU G IEEE el
human drivers? =» (At least 3x crash rate) 122.8M 60%
— These are optimistic test lengths... 308.5M 90%
» Assumes random independent arrivals 401.4M 95%
+ Is simulated driving accurate enough? 617.1M 99%

Using chi-square jest from: hitp J/red ab litya nalyticstoolkit. app spot.com/mib! lest calculator

AN SIERDAATIONAL Mogpran & Wagrur 8 AE 0248
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WHY SIMULATION FOR AV VALIDATION ?

. Test Scenarios
105 (+Million)

= "14.2 billion miles of testing is needed”
Akio Toyoda, CEO of Toyota
Paris Auto Show 2016

2 Million miles

er 12 months

2 7 BlIIlon miles




WHY SIMULATION FOR AV VALIDATION ?

2 Million miles

over 12 months

2.7 Billion miles

in our virtual world
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AD SIMULATION ECO-SYSTEM

/“L

ALLIANCE

PARTNERS

/—> PROCESS
NEW :
ET METIER:
COMPETENCIES > D ) A 9
@ ° LIV Lab
Test / CAE links
" Model based system engineering £
CAE Methods & Tools
& M ALY f - TFINC

Model architect

Model designer
Simulation plan manager
Data scientist

SIEMENS

#

Systemx  Lrzia

e

Simulation and Driving simulator are key to develop and validate
new connected and autonomous vehicles
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WE ARE THE BACKBONE OF RENAULT AD
SIMULATION

AD / ADAS SIMULATION CHAIN
PARTNERSHIPS

Capitalization

T e
3

Massive Simulation
Platform

Scenario catalog

Post-Processing

| | jeemmnn- - - A ) N %
Digital vehicle
Use cases S'EMENS

* Expert Knowledge (sensor/interpretation)
» Accident database (relevance due to outcome)
» Field test (critical traffic scenario)

Vehicle model Sensor model

PEGASUS Not good

Opén driving
database

A = . ¥ o CONFIDENTIAL [@
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AV VALIDATION CHALLENGES

* Representative models for the virtual world, sensors, vehicles
* Scenario creation & generation
* Massive parallel execution
* Metrics computation
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SCANeR™ SOLUTION

* SCANeR™ studio
* New dedicated products:
* SCANeR explore

* SCANeR compute -
SENSORS DB

* Scenario Catalog

e

BPY  \uomoos
VEHICLES DB

SI\AII ™ ~

Sf\ﬂhl ™ ~

Sfiﬂnl ™~

Sf\lll ™ o~

SCANeR compute
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nnnnnnnnnnn

~ BUILD A DIGITAL WORLD

~ 7 HD Maps

T

SCANeR™studio : Terrain

Acquisitions
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STRATEGIES FOR SENSOR MODELLING

Algorithms

(functionnal modelling)

Physics

(Physical modelling)

Simulation ;

X Control

o " Fusion &
I decision

— " validation

_ Sensor
) models
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FUNCTIONNAL MODELLING

* Simulate the algorithms!

RED (3.50 km/h)
£, RIGHT, ON SIDEWALK
CYCLE {1147 km/h) ~

CAR (15.25 km/h) LANE = MINE
LANE = LEFT p

/.

16
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RADAR SII\/IULATION AT PHYSICAL LE

Asymptotic formulations of Maxwell’s equations comblned
with shooting and bouncing rays (SBR)

Surface Scattering P

o

Edge Diffraction
ECM

Specular Reflection

ONERA inside!

multiDomMatLib.xml : multi domain material libraryfile

Logical domain Optronic domain Thermal domain EM douiain

Optronicmat ThermiLamat EM.mat
wallconerete -white | whPainting wonarcte | conae EM

housemat - logical mterial file e pr— ) el ot
;Eﬂ{m-ﬂdgpﬁPm“ I ‘wood-green ‘sreenPainting wood_th webd_EM

moalrd redPainting/ | metal_h ufnl EM

(il watesal)
(ﬁﬁﬂl iterinl

Optronic.mat

/ Thermalmat
; e L ) EM mat

 (EM s hrgherial)
e T b s

g (optrcnie gl sieial
s hite’ (ot ply o materid]
S———

ot e phyL mate)
(fttostic ity s, sately

Fiter

—
RG8  Classfcaton | Hypertexture | Descipton

== Reference mage

Construction.metalShee...

Light edinctRearlight

Miscellaneous.metalShe.

Set to image bownds

Disley matena repartion

W
BB oge cates amdtp ea. |

= Defaut Layer

[l Miscelizneous metalSheet-green

B Miscellaneous metalSheet-black
[l Miscelizneous metalSheet-blackishSrown

W tightextinctHesdLight

Edt dassfication

Material database

Object classification
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MODELLING THE VEHICLE

e SCANeR includes CALLAS model

* Validated in a large scope of
applications

e C/C++ & Simulink APl + FMI to
create external Sub-models |

* Generic interface for Dynamic
vehicle models

e Custom Simulink model
e C/C++ API
* Many models of the market

e Custom Input/Output to exchange
internal data with distributed
simulation

* FMI support
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SCENARIO TOOLS AND CATALOG

CEESAR
LAB
MOOVE
Renault
PSA

O Fully controlled tests
a7 a Replay from drivings

- Complex &lInteractive

qutéﬁi'xu

SVA

SVR

ASV Singapor
dIN
AVSIMULATION

Other

"% UTAC CERAM

EuroNCAP
C-NCAP
A-NCAP
J-NCAP

AVSIMULATION
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KEY ASPECTS FOR SCENARIO MODELING

» 20 years of expertise of complex interactive scenario
* Models
* Environment (Infrastructure, Roads, Weather)
* Traffic (Flows, Densities, Types)
* Vehicle dynamics
e Drivers (Real, Trajectory, Commands)
 Maneuvers (Lane following, Lane change, curves)
e Systems (ADAS, HMI)
* Scripting
* Intensive function library to interact with models

o Interrogate
o Take control

* Powerful scripting tools
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SCENARIO CATALOG PREVIEW

Simultaneous maneuvers

Cut Through

l 'l ‘
§

50 CPNC-50 AEB pedestrian Confidential — Property of AV Simulation



888l “7 UTAC CERAM  COLLABORATION

 UTAC CERAM, french laboratory, EuroNCAP accredited

* Physical UTAC CERAM testing expertise implemented into virtual scenarios

IPQ‘J"#:‘?'
EURO@NCAP

ISO 17025 Laboratory

e Correlation between real and virtual test

% UTAC CERAM

by UTAC CERAM

 Official NCAP scenarios (EuroNCAP, ANCAP...)
Car to car scenarios Bicycle scenarios Pedestrian scenarios
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SCANeR’

scenario

Thousands
through
Scenario

parametrization

SCANeR’

scenario

Scenariolmporter

New

SCENARIO: IMPORT REAL DATA

Real world test

CSVv
Matlab
Ibeo

=

Sensors record
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SCENARIO: IMPORT REAL DATA

* Very sensitive to the data quality
* Ego position must be accurate

* bad detection =»bad scenario.

* Vehicle position and road position matching Courtesy of Renault

"SIMULATED Scene" in SCANeR
Vision of "fusion algorithm"”

Jd "REAL Scene" from recorded video
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MOTIVATION

* Parameters:
* Ego speed

* Merging vehicle acceleration

* Gap at meeting point

* Delta speed at meeting point . .
Merging scenario

* Merging vehicle lane change duration

* Gap with target

* Meeting point abscissa

 Merge lane length

* Slope

* Curvature

* Time of day

e Weather conditions

e 5 variations for each = almost 5M scenarios

Confidential — Property of AV Simulation
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TION

CANeR explore

Test plan editor
 Statistical distribution laws
e Parameters constraints
* Support all scenario parameters
e Customizable with python
Scenario generator
SCANeR Compute launcher
Job monitoring
Results analysis

Confidential — Property of AV Simulation

B ! Test Manager - My SCANeR Test Plan

TEST PLAN EDIT EXPLORATION

+ Add Exploration

* My SCANeR Test Plan
* [ Exploration 1
|~ Parameters
I~ Constraints
v Designs of Experiment
~ W% CSV Dok
i Definition
—Generation
L Execution
~ % Full Factorial
i*Deﬁnitmn
[~ Generation
Execution
v [ Exploration
|~Parameters|l
~Constraints 1,
v Designs of £
v I Desigl
|~ Defin
Gene
Exect ML

y SCANeR

N
VIEW

Parameters  Con

<+ Add @ edit

Parameter Type

[~ ObserveSignals Boolean true
Terrain Literal

[InitialDate  Integer 12h
InitialSpeed  Real 50 km/h

aramete

* My SCANeR Test Plan

Exploration 1
Parameters
Constraints
Designs of Experiment
v % CSV DoE
'~ Definition

|- Generation
Execution
* [ Full Factorial
|- Definition
Generation
Execution
Exploration 2
Parameters
Constraints
Designs of Experiment
» I Design of Experiment 1

TEST PLAN EXPLORATION VIEW

+ Add De

v My SCANeR Test Pian
~ 4 Exploration 1
Parameters
Constraints
* Designs of Experiment
 I% CSV Dok
Definition
Generation

* I Full Factorfal
Definition
{~Generation
Execution
* M Exploration 2
Parameters
{~Constraints
~ Designs of Experiment
» I Design of Experiment 1

Test Plan - £:/SCANeRStudio/trunk/core/s

Default Value

R

Domain

[0, 23]
[0, 250]

Definiton  Ges

Param
v accelRegulationObserving
f=True
False
I~ modelName
v startTime
v fogDistance

tep:1,00

tep:1,00

¢ Experiment Execution

Test Case Name
Executed Scenz

Suce

Test Case Status
Test Case 1
Test Case 2
Test Case 3
Test Case 4
M Test Case 5
Test Case 6
Test Case 7
Test Case 8 s
W TestCase 9 @

mar. oct
mar. oct

Suctess mar. oct
Falled mar. oct
Success. mar. oct
mar. oct
mar. oct
Stop 78% mar. oct

Success. mar. oct.

ource/TestMan

Crossroad_3.rnd Crossroad_1.md, Crossroad_2.rnd, Crossroad_3.md, Crossroad_4.rnd, Crossroad_5.rnd

Distribution | Distribution Law | Edit
Automat
75,00

CF e ) gy

ENER EaIxI

Results
2018 3
2018
2018
2018
2018
2018
14 2018
14 2018
114 2018

OKTAL/configuratic 1=1.88config=DEFAULT_1.9

v

; 36072 - 50%
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SCANeR explore

* Create test plans & exploration based on scenarios

. Test Manager - Mew Test Plan
TEST PLAN EDIT EXPLORATION GENERATION VIEW

Test Suite  Parameters Constraints  User Scripts

== Add Exploration Remove Exploration

¥ MNew Test Plan Name MyExploration

= M MyExploration
e @ Scenario Template | ${STUDIO_PATH}/SCANeRstudio_1.5/data/DEFAULT/scenario/Studio_3D0bjects.sce
— Constraints Scenario ${STUDIO_PATH}/SCANeRstudio_1.9/data/DEFAULT/scenario/Studio_3D0bjects.sce

¥ Designs of Experiment
¥ M Design of Experiment 1
Definition

Drescription

— User Script

B Enabled
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. Test Manager - Mew Test Plan

CANeR explore: SCENARIO GENERATION

TEST PLAN  EDIT {PLORATIC GENERATION VIEW

f Experiment

¥ New Test Plan
¥ M MyExploration
t

W Designs of Experiment
¥ M Design of Experiment 1
Definition
Generation

r Script

n of Experiment

eriment Definiton

enera
Add Date Su

Prefi

Cutput Dir

Action
]

Generation

Date| rainLevel
0

0

clou

sLevel

initialSpeed modelName

Confidential — Property of
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o3 SCANeR Explore: SCENARIO EXECUTION &
REPORT

nee

Scenario : highway_insert 1

Scenario criteria : Scenario output variables :

Simulation Infos ;

TEST RED [ ]

TEST GRAY @]

Graphs :
T

=

=T

it mesmiy

Scenario : highway_insert 2

Simulation Infos : Scenario criteria : Scenario output variables :
Dist_Fod -1

TEST With a v

0
Step done 600 TEST RED O
TEST GRAY O
Graphs :
T B Tyt T

M . fracord/Naw Tast PlanyStudia_300kje i periment 3
e i of Exge L 3/ Studw_3D0k) ! HTAL/SCANERE Ui x cala/DEMD_EFS_L1.8U_4.2/

aneRstudic_L.Eupdate;data/ Ol
U_d.2" Eme B

3][SCANeRaxplore}[INFO] Targer record
CANeRax i Bal

s el pour rechercher

Confidential — Property of AV Simulation



nee

AVSIMLILATION

SCENARIO GENERATION
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AMD Ryzen 7 1800K Eight-Core Processor

File Qptions View 1% 367 GHz

Number of instance

Processes Performance App history Startup Users Details Services

<

Fewer details

Name U Memory (private
8 dasHost exe 00 Disk 0 (C3)
. ® ModelHandler.exe i
* Solver version of SCANeR
ver version
® ModelHandler.exe 0z L
= ModelHandler 02 i 7
= ModelHandler.exe 02 bz (0
" ModelHandler.exe 02
* Easy to deploy
00 " 232 7 272 Kbps
lineScheduler.exe 00
ineScheduler.exe 0o Bluetooth PAN 160 GHz
. . 00 91% 3.67 GHz 1
* Multiple instances on the same node
& RecorderNRT exe 02 e
& RecorderNRT exe 0o
- R RecarderNRT exe 02 0:21:33:55
[ ] W P & RecorderNRT.exe o
indow r rver
& RecorderNRT exe 02 detail
& RecorderNRT exe 02 -
00
.
* Linux (Ubuntu LTS/CentOS 7 :
inux untu
00 23456
. 00 12412
L . o . Bscenarioexe 00 5916
e Compatible with standard job schedul
| Wi ndar ing ===
&= Sensors exe 00 22012
=5 Sensors exe 0o 540
tools (LSF, PBS
[N N} &= Sensors exe 00 16980
’ ’ 00 9988
00 16.096 K 7912
00 15712 K 3156
00 15444 K 9220
[ L4 00 15880 K 19736
Simulation speed :
@ traffic.exe 0o 15.512K 6744 G

; SCANeR studio

SCENARIO
SCANeR explore

==

= SCANeR compute

228 SCANeR compute I ——
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S \ASSIVE SIMULATION IN THE CLOUD

& C @ @ 104.214.222.167:8050 90 % e @ % IN

= &)

AVS Cloud Simulation Monitoring Dashboard

GOV wier A Azure — S

AVSIMULATION

a
Start | Stop | Clear —— —p R
500 scenarios played, 1570 km simulated today o
Parallel coordinate graph for scenario parameters :
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MASSIVE SIMULATION @ RENAULT

SCANeR is deployed on Renault HPC B Microsoft
e infrastucture and cloud powered by . Azure

30M km
/ simulated
P In 21 days
Simulated /

in 21 days

2019 2020




Europe Office
1, Cours de I'lle Seguin
92650 Boulogne - Billancourt
+3314694 9740

US Office
2791 Research Drive
Rochester Hills,
MI 48309

www.avsimulation.fr
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