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MiL / SiL / Cluster

Certification -

Homologation
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d 10~ 100 scenarios
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Split of SW market into SW development, integration, and validation/verification
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v INIF=2ay /iR
Total +9% SEOTHIERIRE R R
Integration +9% ISRUTL<

Validation and verification +10%

EDRIEE D4 ZAH
Function development BOLOMN?

+10%
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I
©HAGIWARA ELECTRONICS CO.LTD. 2020
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imulation of Driver,
ehicle and Traffic ‘valuatlon & Sign-off
e a T n public TestField
- _ - ) ‘iesearch Vehicle for
- - : Development & Evaluation
' SPEEE '
e

&valuation & Optimation
estTrack ATC + CERM

Experience of Functions

[ IS—=F I Sim. FZL7Sim, SiL, HiL. 7APTI—A, FoT, EX42HADEIUELHD J

3.International VDI Conference Automated Driving(29.Jun.2016) / Challenges and Research Needs on 10

(©HAGIWARA ELECTRONICS CO.LTD. 2020 Automated Driving / fka



ARQ tY—IAMEEICEDIATLOEMIE

HA@A?A

V2T 15EEBETH R — A LVATIRA0A LB BEE IS AT LD EMILTS

)

Urban automated driving

Automated driving in urban environments requires

more onboard sensors

Privately owned
passenger cars

= highway driving

Urban automated tax|

ol ao-
sensors |

Chassts Sysers Controd | CC-ADIE YU | 2010-00-08

P
-
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a

‘. Traffic light camera |

Surround vision
camera

% E e

New stereo camera |

0v)

New multi

mode radar

New mono camera | ) )
Near range

radar

of

Medium range [ Central ECU j
LiDAR

P
Vehicle motion and

position sensor
53

-\

s )
Inertial measurement

unit
AN

J

| EMEEETEDERSAFLICHLT, REN, A0, REEMTEBVAOFEBEIA? |
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Autonomous Vehicle Combinatoric explosion

Test Case combinatorics :1,000,000,000,000,000,000,000

- - — :
Weatherf l Road } I Rules Vehicles' cenario_‘ System; l Event ‘

[35%‘ IR, 3@EN—), El( BEWl & FABER ). 2FVH, DATL AINNEEDERDT }

ALLATEC

NTHOEAEDEEREATIDIEAFIEE, TIE, ESTEH?

Autonomous Vehicle TEST & Development Symposium 2018 / Generate combinatorics and optimize test variability to validate your 12
autonomous vehicles / Fabric TROLLET / ALLATEC
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Tier-1 A

Tomorrow

ECU
[ZHW][SWJ

OEM

Tier-1 A Today
EECU
HW SW
) (SON
Tier-1 B ECU ][ ECU ]
ECU
ECU
[[ ) [ ﬂ/
Tier-1 x System
Integration
Validation

|

U
HW][SWJ

)

|

3" Party

Complicated
Integration/
Validation !
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0S| (Open Simulation Interface) H"ﬁ""?"
| OSliE. a3l —4—t —ETFNEDIEL S 2—T71—R )

Sensor

Model {@} Automated

driving
function

Environmt. @}
simulation ASAM OSI ASAM OS]
Sensor
Model

©HAGIWARA ELECTRONICS CO.LTD. 2020 https://www.asam.net/news-media/press-releases/detail/news/bmw-transfers-open-simulation-interface-osi-to-asam/ 17
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fmi (Functional Mock-up Interface) H"ﬁ"’*"
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FMI (Functional Mock-up Interface) i&. 880>, zalb -3
fmij e EFNEMEATDESA)IEEPT<TZENT, T7 M
S ¥ INTERFACE DA/ R271—AR%2EELTD=DICEEFN -,
DaimlerHIgIRL. 201 1FEICIFRBIEENTHY., P/ BEE
E52HIBELTIELEDN TS,

Chassis components,

roadway, ECU (e.g. ESP)

functional mockup interface for model exchange and tool coupling

I —
(©OHAGIWARA ELECTRONICS CO.LTD. 2020 https://fmi-standard.org/ 18



https://fmi-standard.org/

OpenXRELH—K (A=TLRELH—K) Hngffunen

. IR7E. OpenCRG/OpenDRIVE/OpenSCENARIOI:. OpenX&EL TASAMICE>TEERBEINTLVD

Static road surface Staticroad network dynamic scenario
description description description
tl | ?I | . \
Scenario
description, with
. o dynamic and
i | + 1 N |§_ - : e
I static content
g
ASAM OpenCRG® ASAM OpenDRIVE® ASAM OpenSCENARIO®

OpenDRIVELHI S E#TEDN gﬂg_;zmﬁﬁ&ﬁ;lﬂff H4FIVOLEROEE)
BH 71—k, | L PRERE s e BT
BLREORHGHE. Al HECHACEBEREER o o0 1YY
% B)0oEMewdTE?, TEBRA-TLTA—TVb,

Enabling Virtual Product Validation : Quality Measures and Traceability, Carlo van Driesten, BMW 19
10/Dec/27010 ASAM International Conference
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Specify (7
Test description

Test specification description

= ASAM OpenTEST
(Test specification description)

ODD description
= ASAM OpenODD

Scenario Description

Dynamic Content

= ASAM OpenSCENARIO

Static Content

= ASAM OpenDRIVE
= ASAM OpenCRG®

Scenario pass/fail criteria
= ASAM OpenSCENARIO v2.0

i Validate m——

Simulation

Models
= OpenMaterial (BMW)

| § Asamosi |
Simulated Environment

| § Asamosi ]

;

Logging Labels for sensor data
= ASAM OpenLABEL

Physical Test

Hardware

'

Physical site

¢

Postprocess

Labelling
= ASAM OpenLABEL
(Format & labels for objects & scenarios)

Criteria Evaluation

Store %

Retrieve 9\(3

Scenario metadata, labels & keywords

= ASAM OpenLABEL
(Labels & metadata for scenarios)

L
(©HAGIWARA ELECTRONICS CO.LTD. 2020

Domain = On-Road Driving
=% ASAM OpenXOntology
Formal ontological representation of the domain

T
OADF activities / Report for the SIP, adus Workshop 2020 on 10 12 November, 20

Matthias Unbehaun | Speaker of the Open Auto Drive Forum & TISA Executive Director
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( |

= All relevant input signals have to be = |nput data is implicitly generated
explicitly defined = Definition of test cases is more intuitive

= Generating test data may become * Connected systems can be tested under
cumbersome work realistic conditions:

= Hard to test connected systems under * Within the context of the whole vehicle

realistic conditions » Considering interactions with the vehicle's surrounding

TFIWN—RSBETFAMIIERNTL DD, BELGBERETZATLDTAMCE. 91-')1/\'—10)25}
MR
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== concrete scenarios in n-dimensional state space — logical scenarios (A B C) in n-dimensional state space

accident data ]

vy A "
N N
- -
Q Q
gud +—
mA mA
e £ s &
T © T ©
e © e ©
(© BN o QG
O w O w
= 9 o !
(¢] T
| o= | o=
Q Q
Q Q
N N
‘I
=

scenario parameter 1 (e.g. speed) scenario parameter 1 (e.g. speed)

SHIAN=R-PTO—F TR, ShETORYIRE, FOT, >a3L—2a&EH 5, BEETRE
SNBIFTIVADR - ARMAVIEBIELNN, FYVTAANGTr—ATD1Zb—2a EBILORME
BNy EHMELTIVS,
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SFUAF—EN—REBELT, BEY 25— PTAI—R/ BiETFAMCYFIAEBRALTNS

SFIAF—ZN—2R

Test Preparation

Road to Rig

Scenarios

Virtual World (Vires VID) |

Test Sequence
Generator

ScenarioDBs
Models
KPIs

Environment
Simulation

Online & Post-

Processing

Reference system for
road testing (DGT)

Test Execution

@ Signals, Object lists, Streams (Video, 3D data, ...)

Model.CONNECT™

ﬂ

Canfidential

/ Hannes Schneider. Markiis Naaer | | 11 Dazeamher 2019 | 5
MiL/SiL/HiL/ViL>23b—23>»

FAPI—=A, 21ETAk

©HAGIWARA ELECTRONICS CO.LTD. 2020 Parametrized End-to-End Scenario Generation, Hannes Schneider, Markus Nager, AVL 24

10/Dec/27010 ASAM International Conference
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Naturalistic driving studies (NDS)
- Result

=
— (o)}

STVADN)—AT—2OF(R1Y/DRE )
SFUAEBON—RI, BEOEHT—ZN—ZPKF1 7 EHOMRBREZTAL TS

[

driving behaviour

Manoeuvre-based Testing

SePIA

", PRUF- UND
& # TESTSZENARIEN

U@, GIDAS=
NDS
(Naturalistic driving sutduies)

EuroNCAP GIDAS
(VBT —2—N—-R)
https://www.gidas.org/en/willkommen/ https://www.vufo.de/en/forschung-und-
entwicklung/naturalistic-driving-study-nds/
T
25

Scenario based Safety assessment of ADAS and automated driving, TU Dresden, Prof. Dr-Ing. Gunther Prokop

S
©HAGIWARA ELECTRONICS CO.LTD. 2020 10/Dec/2019 ASAM International Conference
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From scenario description to the real test

s~ a9 ~ ~ — o
HREE->F)A A Al ->F)F VAT —aN—-R
o VUT Vehiceundertest  SCT#l Softcrash target#1 o T
= ) \_____/
G TSV  Traffic simul. vehicle ~ SCT#2  Soft crash target #2 8 @© ot
s e | § e A
¢ V
-— \———"/
@ SCT 3 kS
< 1 @D - [T [—_— . Parameters
S 3 : — g [l
o = ¥ o cceleration [ms® i i
§ 2 (@D m—p ) w—) (5D S § Fail/Pass criteria
SCT
2 R & ~ | 3
NI)F—=2ay
|

B4l > 7UA
. TN
Concrete scenarios

9
scT
i Test case (XD
SV
O s 10
0 km/h _ -2m/ T
3 _At=2s |, 123m S D TTC [s] H

| SC
[ 218

Physical and virtual tests «
Yasb—>ay

Test case generation

I
Virtual —based homologation of AV systems, TUV Sud, Jakub Zahorsky 26
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MiL / SiL / Cluster

T T

©HAGIWARA ELECTRONICS CO.LTD. 2020 Agtonomoys Vehicle TEST & Dev_elopment_ Symposium 2018 /_ Training and validating automated driving applications 27
using physics-basedsensor simulation / Robin van der Made / Siemens
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Typical traffic
scenarios

Critical traffic
scenarios

Edge case
scenarios

(D) —FVFDREHEE— (%)

low probability, but high
effarts to kentify and
bu:-nrm perfarmance!

Scenario frepquencies of occurrence in real world traffic

Complexity/risk of scenario

Congestion in front - covered by lead car &
obstructed lane on near side (and far side)

(E) —>FUADEHE - YR - (&)

Could be handled in pillar ..

Real World Test Drive

MBS+ A
DT A MEIKET
BEITHS

Could be handled in pillar .

> Physical Certification
Tests

D0)T 4 hILIED
FTVADTRBRIE
HERIBETHEZHS

Could be handled in pillar ..

Audit and Assessment

(e.g. simulation)

Iy —ADY
FTVADTRA KL
vasIlb—y 3y
THEIHES

(©HAGIWARA ELECTRONICS CO.LTD. 2020 https://www.pegasusprojekt.de/files/tmpl/Symposium2019/4 4 PEGASUS Certification Schittenhelm.pdf 28
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Pegasus Tl /&% 130km/hETTHLYI B ENEERE DRI R EREZHMICL TV

PEGASUST OIS T Y b, KA YEBBIRNE—E BB AC L DRAEL Y —OEIEEOREY Ot AERLOE
8. 201651 A S2019E6H20HETHIFELNFETREI 4. 501—0 (¥4 3BA) OFEEHITE LD
NEKXBELETOSIO b, K4 YDOELOM Tier-10M. BEEETH3TWHSML TS,

L

4

42 Month 2016 January 1%t —2019 June 20" What is a scenario?

A scenario is a description of a driving situation

PN y T P Ik (.) | percept things
17 Partners W44 eN =< '
Audi DAIMLER ) - g (",/ = SN R PR

| understand what | see

|
@ BOSCH (@ntinental 3 %'"““’”m ]' B ‘.]

Wi accalerate and tum kit
Engne accelerating, steerng
Assstance s.o0n

fkas> iMAR #'PC @ QTvonic outa Vs

b) Overtaking on a dual carnageway

‘#7 g rechniscrie When using scenarios
DLR "’ . ‘Lh/t'k\Tl.\ET
12 Subcontractors i.a. IFR, ika, OFFIS (> 1
bud fund (T m— r—'
Projects budget ca. 34.5 m. EUR, funding 16.3 m. EUR
J g g B —
Personnel planning ca. 1,791 person month that is 149 person years

How safe is safe enough and how can we verify that it achieves the desired performance
consistently? . by introducing « Scenario Based Method to Assess Highly Automated Driving Functions

©HAGIWARA ELECTRONICS CO.LTD. 2020 http://www.pegasus-projekt.info/en/information-material 29
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What IS @ SCenano: A scenario is a description of a driving situation 3 PEGASUS

S - e

= | \ ) Lef tum n ro8d puncon https://www.enable-s3.eu/ https://www.pegasusprojekt.de/en/home
5y ——ram —

[ coowem =

. D —

| 3 Wil acoslerate and tum left I A ‘mwf 7 il 3 X
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-

MIlUserS nari Ctlg for

[ 1] ected Autonomous Vehicles

!“
b) Overtaking on a dual carmageway
When using scenarios
Concept Stge . Tyoe Approvel

cx https://ts.catapult.org.uk/innovati https://www.irt-
() w— on-centre/cav/cav-projects-at- systemx.fr/en/projets/sva/
(_/;Lp the-tsc/musicc/

SF.N

JAMA sz cremares

http://www.jama.or.|p/
I R

(©OHAGIWARA ELECTRONICS CO.LTD. 2020 30



https://www.enable-s3.eu/
https://www.pegasusprojekt.de/en/home
https://ts.catapult.org.uk/innovation-centre/cav/cav-projects-at-the-tsc/musicc/
https://www.irt-systemx.fr/en/projets/sva/
http://www.jama.or.jp/

3. EEERFRTSY b IT+r—L

(©OHAGIWARA ELECTRONICS CO.LTD. 2020

31



N—F oV RRBRT YN 74— L(E R Hngffunen

IS—Fo VBRI OPFI, Bilj/ b4 —/BETTN, BELEEELEDD. SMBESHISEBREENS

Yasb—oaviRik
, (EAY—-id1—Y
—lc&WRES)

= Simulation
HAD functions commands

Vehicle state

Environment simulation
road / traffic / ambient :

Ground truth

+ Material
+ Geometry |
« Lightning

_____ H (/) Pro-siviC

Physics based |
sensor models

'I l'

Sensor data

G/} Pro-sivic

HiljET I B B En i e

FELY—ETN IRIBET I

©HAGIWARA ELECTRONICS CO_LTD. 2020 Virtual —based homologation of AV systems, TUV Sud, Jakub Zahorsky 32
10/Dec/20190 ASAM International Conference



N—F e VHRERICEDNBIEFN., 7Po5ay Hngffunen

EFNPBEREZEOINTVZEDEHDH . FHORED/INITCERESNATVBBRAH B |

EmMEDMET IV oY —FETFN ADASH%&E
Vehicle dynamics model Sensor model ADAS function
‘ ;::M | i ||;.:; ]
e, L W;M ‘”m ot elowren_wikily + + i [ttt e T — ]
Whnba iy Voadeaton -
B ] B i ncoocain . o
AutDr. Mihai Nica, AVL 2018 -
ISO Standards, internal knowledge Internal knowledge NCAP, ISO Standards, int. scenario
database
Field of view test ACC and AEB
Harsh weather conditions
|SOfR#E. WNER/ 2/\) REB/ 2N NCAP. [SOIZ%E

NE>FVFAF—2~N—-2R

(©OHAGIWARA ELECTRONICS CO.LTD. 2020 33



N—FrIVHARBRBRITA—-T73vb7x3—L (asc(s, envited) ”"ﬁ”"""
 N—FeVERBEO/VINIESIT T Bass (SEBBEEIEHT Senvited IS EHOTND

‘ \ S ‘ S OEMs Hardware manufacturer (IHVs)

Automotive Solution Center Simulation

https://www.asc-s.de/en/ 11D @ R 2 smeax NEC

g= envited

https://www.envited.market/

3Vs)

Service providers | Supplers

BE TA(}) SIEMENS d?/|8 fovua s 30w TR g atlatec” ) frontod Pl 2418

Qs ouomnsiv Frescale TECOSIM

@ OrTis 0 Quadcove: || scapos SCALEZ] W
INTES

K1 YFREMARINE LS T, BEIED/N—F v IIVFARIRIEDY — IV F

/7 I—UREFN, AR/ INIZITTSB” assc(s” EFEEh B IR

FIEEEA—T TSIV M7 42—LELDIBEEIRMT D" envited”
DILBEEDH DTS

©HAGIWARA ELECTRONICS CO.LTD. 2020 Enabling Virtual Product Validation : Quality Measures and Traceability, Carlo van Driesten, BMW 34
10/Dec/27010 ASAM International Conference



https://www.asc-s.de/en/
https://www.envited.market/

4. BENEEEMRIITREAZEEoOAEX

(©OHAGIWARA ELECTRONICS CO.LTD. 2020



Level4 UMD B ENEEEOF LY Hgfunen
| LvALIBEIZRS 1 /\—DHBEEICESL 6L s, B BEETY ATL)ADBIEFE EORIHSBHE |

The five stages of autonomy
EIEYESOFF |[3] MIND OFF | 5]PASSENGER

No assistance | Assisted Patially
automated

Transfer of responsibilty

Sources: Evercore IS, SAE International
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|” Al Driver
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Real-Road Data
Theoretical Test
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Practical Test
Synthetic Data
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Training

system's license
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ASAM 2018 Open Technical Seminar /
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Vehicle variant complexity |:>

Increasing active systems
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Safety Management System
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Scenarios
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VVMTIlE. —xEmlt B EhiEEzLeveld /52 33HEL V&V (Verification & Validation) DFikigiLZEHIgd
(PegasusTils. Level S BHENESE. & FEE(Max 130km/h) #¥HELTLNVE)

48 months

23 partners

July 1, 2019 — June 30, 2023

= OEM: BMW (lead), Audi, Daimler, Ford, Opel,
Volkswagen

* Tier 1: Bosch (lead), Continental Teves, Visteon,

ZF, Valeo
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—_ = Scientific institutes: DLR, Fraunhofer, FZI, OFFIS,
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TUBraunschweig, TUDarmstadt, OFFIS
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Function development
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2020 2030
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