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About the Cross-ministerial Strategic Innovation Promotion Program (SIP)

This is a program for achieving science, technology and innovation as a result of the Council for Science, Technology and Innovation exercising its headquarters function
to accomplish its role in leading science, technology and innovation beyond the framework of government ministries and traditional disciplines.

The program strives to promote research and development in a seamless manner from the basic research stage to the final outcome by endeavoring to strengthen
cooperation among industry, academia and government under the strong leadership of the Program Director (PD)
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3) VIVALDIA DR #H 27— 4 AMER (A E=T) 7D

TT1OoC
THRIZ. VIVALDINDRHFLET—2) ALETRT,
DIVP®IDRadarET ILAMERALTWAT—42)XARTHY. VIVALDIEIMS AFLE=WTF—2URRTH S,
CELIZDWT IBEIZDONTIE. 825 TLTWS,
VIVALDINDIZHFET—2) X

ik EE B ray propagation distance in total [m]

I 5t R R AR xR sum of relative velocity between reflection points [m/s]
KIRIE D DIk EE sum of propagation attenuation of horizontal polarization
BFEEHRERD DEREZEE sum of propagation attenuation of vertical polarization
SZAE KA AL DOA in azimuth angle [deg]

ZEEEAN DOA in elevation angle [deg]

EE KT AL DOD in azimuth angle [deg]

EIEEEAN DOD in elevation angle [deg]

Source : TTDC . . D Iv p
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.DIVP® VIVALDIDHEEL TNBDF—4Y R ML B LR . OSIPTIHEEHMN B YLD EMRS o1
VIVALDITIZ. OSI® M/ —Sa0 7y T 5L TEY. OSI® extensionELN ST THRELTNVS rroc

DIVP®H 1. OSI. VIVALDI®D tH A2t 9 5 LLERFREEFE R

1 EERE -- -- signal_strength [dB]
2 M R B ray propagation distance in total [m] path_length time_of_flight [s]
3 5 ra AR xR F‘r:?;]()f relative velocity between reflection points relative_velocity doppler shift [Hz]
. : : . ®LVIVALDIfEIZT—2K

5 S i 4N ) A i sum of propagation attenuation of horizontal . " _ DIVP < H E

4 KERERS DCHBEEE polarization power in dBm(in H-pol) | RadarET L OEREERERIC+4
1HE S H18E

5 HEHREAD DERBEEE sum of propagation attenuation of vertical polarization @ power in dBm(in V-pol) . HESEELNS
6 ZEKFEAL DOA in azimuth angle [deg] horizontal_angle source_horizontal_angle [rad]
7 REEEANM DOA in elevation angle [deg] vertical_angle source_vertical_angle [rad]
8 EEKFEAR DOD in azimuth angle [deg] - -
9 EEEEAMN DOD in elevation angle [deg] - - DIVP®LVIVALDID & B Z =
10 TR JEFA number_of_interaction = &EITHD. EmiTh
11 RET R EEAE E| 7N HitPoint as Vector3D x,y,z -
12 REHIHES T+ EIF/NE Phase --

Source : TTDC . . D Iv p
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SDMG* Scenario LiDAR :

*SDMG: Space Design Model Generator *Jtown: Proving ground for AD in JARI
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Key Point : Ray tracing method, 3D polygon model, physically-Based
reflectance model, etc., are essential for LIDAR RX model
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————— Photoelectri
H E — ® . . ! CO?‘»\?:I':IDFI;,I/C . Peak detection/ Object recognition/
E I I T — I S ' Spatial rendering AD eonversion TOF calculation tracking algorithm
y ——
Number of rays x Number of scanning points x Received wave form Point cloud data Object List

Y
7l

ETILIZA A LUFEH

(horizontal/vertical angle,
distance, reflection light intensity
disturbed light intensi

(horizontal/vertical angle,
distance, intensity)

J

14l , X

Sensor

Recognition

DIVP LIDAR Model —

-
o)
~

LER

-ERIMEBEOH HEZEIFIEL, OSINEEZF1TO A&
-FY2022TIZLIDARET JLMexchangelZ &Y E XD AE

[voacer ]
HAIFPEBEAIFICOWVWTEERTE

[ e
i Scenario VIVALDI =~ LIDAR |
Model MAP Ray Tracing

Source: Kanagawa Institute of Technology, PIONEER SMART SENSING INNOVATIONS CORPORATION, PIONEER CORPORATION . . D I V p
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e e 1 ASMZ)
: 7 7 7ok B2 : S N
OpenSCENARIO®s  OpenDRIVE®® . X ose = .
’ . l:-3D model = YA EZALIZLY + FMI/FMU = GAFE - L /=0
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SDM-G* > _ B | | . | R
DIVP® 3B ZRME- ¥ IETIL okl o Rty

HEETIL BHlETIL

%’ DIVP I

n
—
n
n
—
=

YT, i e A
IRER BT A AELL

Source: Kanagawa Institute of Technology . . i ' IV p
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ED R

BigAL2aL—3 TS5 I4— LR
I EDIVPRM &K h s F

ETILR—RAHEEDTI7ZIRREAZ—FK
IBEIZHITADIVPOET LD ERA A WA

EHEFREAELEVUSaL— a3 FaREE
I BIFMLF

EFEEDET JLIEAD X IEH WL ZE

1 —FEE (S BRT =) &
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KaNaGawa INSTITUTE OF TECHNOLOGY

ROSEZAR—X[ZCo-SIMIBIE A1 &£

MATLAB/Simulink7 5wk 74— LAIZE 1T
HET LIS

AD/ADASS XL (AD-URBAN Proj) &
DIVP®Q) 5k

FMI/FMUET JL D DIVP®HE#E
NCAPAYRA L F)AHEAR—X|Z

OpenSCENARIO/OpenDRIVED) F—4%
AFBL. DIVPe-SIMD 5% FeER

Source: Kanagawa Institute of Technology
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Mathworks#t D FEfTEBHEETILH T ILEAR—ZX[ZUnreal Engined TIEHFEL TS BEET IV
Y ETIVEREDIVPOL S L —32[ZREFE X . Closed LoopiZal—iav#E#ER

_ I(ERITEAZ
D-1:MathWorks Fusion Reference #E#ii& st

BRIBEFIN/ L YETNEDIVP
Eﬁﬁia | Highway Lane Following Test Bench ]
% - LaneMwDow LamoF clicwingDecisionLogic
b4 = ———.. | P
B e | e m - SEATER LB

Time,

Vehicle Detector

N Tracks
— 1
Fou 4
Vision — MIO Track Index -—] |
SCiTER™ =
5 #d Tracks - a5 = e =
8 MR Fusion e Pt oo T A L

Forward Vehicle Sensor Fusion

i
R
», Rel

Simulation 30 Scenano
lan boundanes

‘actors

MWEFLES2—L | | DIVPOESa—L
H &) ERE iy
N I ""ft Tl

UE4E£ER

" *‘/7")7!'-'_E7"”)l« $e4TEFusion
z (Driving 5L L , L—yx—7-8 BHEAAFTIVX
" Scenario RadarET /L ! fiECtrl
Designer) L e e e e e 22

D |
| — - SENE AR $c{TEFusion

X 3IDETL - TE R ’ HAZHE ‘ hA35 7
. DIVPeLFUF ok slalict L—v¥—J@  EAEAFIVR ¢
® [ S — | 4.
e . RadarET )L (BARHOBSI—HRA) | BECtr

Source: Kanagawa Institute of Technology %’ i ' IV p
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(D-1:MathWorks Fusion Reference E#5i& ik JCERITRAR

B YO NIITEE () pr [ vorwzr [ ] EgEmyoryz7I7—4
Ty [

/ \ E SN e i E / module DIVP®_msgs \ i

e ROS i i i platform scenario |

“ i Image Developer i i i

(?ﬁgggﬁi‘l‘)b) E R B i E roscore scenario manager i

. Lo DIVP® PF !

Matlab/Simulink i i i \ Ji

K\ // & host : container(Docker) J

Windows 10 PC Ubuntu 18.04 PC
® MWModel B Mathworks#t AYAutomated Driving Toolbox TRt L TWWS &R BB EERET LY T,
B (EREARETIV) B RETILORFAAICDIVPOEU Y H N%E KETILOEMESH HEDIVPOZEREE A NIZHEHHEL TS,
m MWModel Bridge B MWModel ) B EE)H HEDIVP® PRI KRBT 27w A/ —K,
B Image Developer m RE/—k,
m DIVP® msgs B DIVP® PFARAELTLVHROSAY—U 8,

Source: Kanagawa Institute of Technology . . D Iv p
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(1D-1:MathWorks Fusion Reference ¥E#i#E £

B IFEGBERRL UL mes ces

E#R/FEITEGL/ER

20km/h
> @) @)

EfR/FTITEDHY/ER

20km/h 20km/h
.
L O @)

30m " o

EfR/FETEHY/BEENDE

55km/h 40km/h
-— @) @)

|A LI

50m " 4

DIVP® (Ubuntu) ESimulink €7 /L (Windows) ZR0OS THE#zL . ZO0SE]DCoSIMIRLE ZFE L7

Source: Kanagawa Institute of Technology
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D-2:MATLAB/Simulink 75y k24— LIZE+AFusion) 77UV R ETILES J(ERIIHAZ
MathWorks® Simulink[E & To Video Display? 04 H S EhiE
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BEUD®| e

L—2E%E-
FlE
HEAOSYY

L ZHORT 101% T=0.500 0% FixedSter DIVP{RABESIS -

B E)Z#x Simulink model
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D-3: AD/ADASU AT LEDFEHEZEITL, BENEIR AT LALDEGEHOBHAEILEZER

DIVP®LAD-URBAN B Bh:&E5S A T .L D EEHE

B ) ITRIAR

X 2o R HE H| oY RATLETIL
oy REETIL IFEE]—;:EI_I prvsm—— B S | ADZ AT L ERETI
aics B

ETIL MEETIL

o8
SDM-G DIVP DIVP® & 2aL—4
At = ROS core
—> |/’f|~|/—7\ — P jj)(j > Ef&T_a — inﬁﬁ-l-@
i B o B
BEMEHE
= UK IYTRIFUY
IMU
EiE
—————— FHNfER — — —

R

> EfREHE

— ROS msg.

(AL )

BEBE S X T LIS BEESEEL S DIEME. IR SaL— 3 HRED IR AV H 7=

Source: Kanagawa Institute of technology, AD-URBAN{R it & %}
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{51) MathWorks® v — )L &%
¥ | Driving Scenaro  RoadRunner MATLAB/Simulink
I Designer
2 — BARIE O |,
o B—tuk S ERR (145) NATHIY -
e —> ~ ) BHlETIL
PI\_ iz & il I Bpaa &0 || Fusion
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mAa
OpenSCENARIO® Op?fggg's@ ’ FMU Export /s5x—43%
Export EYBOL
— 7ty h—
— _§3;J§B‘
——— o _—
HASEE FMI HASERH FMI ADET L FMI (ASM,
¢ ¢ -

CarSim)
Sim75 —L >
po—

Co-Simulate

®’ DIvP

Source: Kanagawa Institute of Technology
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*108: VIVIDF¥vo4 7 % 18: ASAMOScV2.0/0S14.0/OpenDrive/ CityGML WS
* 117: * 3A: ASAM fE=/ BRI F— * 11H: ASAM| B =5
* 48: JTTT SIP-adus * 11/: SIPtadus@R &8
ERXVOAT . . * 55 : &[G
. o o . NP -~ N IV A - Z¥IR.
* 128: TXR/S—ksx )L KX 6H: R DL@N)LY S
JTTT* 1
2
. 3.1 *
B JhE % 3.2 658 51 45 IZ TE#AMIS
VIVID-pj 3.3 * JTTTH R EEEE
34 *
5
6
B E ] Tlisz ,
0OSI 4.0 Open material
0SC2.0 City"GML
Open ontology Open Label
L4/1L5/v2X
P A D) H )
SEZY ADZe 2 RS D EEAZE AL 2[4 71531
EEEED -8 DX FITFET R DEHEIFRE

* Joint Topical Task Team
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SIP-adus Tl Safety AssurancelZREHZWV7 O RZHER. SMEOBEDEDEININMMNZS

[£%] 2021 SIP-adus D R &

i F—TBFITRH
LT e HARE : 2021458 ~2022%18
o ST D ﬁg
e T— NS FOUCAE
Safety Assurance 2021/7/30 704
e —_ el Human Factors 2021 5175 373
— e = Dynamic Map 2021/3/25 331
m\i %& AN RIS m e e .
B ey S Connected Vehicles | 2021/7/13 279
' Impact Assessment 20411001 165
: Safety Assurance~® 7717 ZHH EA

Source : Congrés Inc. . . i ' IV p
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CHhETSIM-IIFIBELLR0SIZEICESZEEDTE-N. BEETILAOYHEEERZDERINT
FILLTHY. DIVPPD BRI AR AR TIEAELZE!) — Pﬂ'»‘é&ﬁ%l-

ASAM OpenXDiEiE
: ASAM

-- Validate .

Run (»)

Postprocess

Lateling
- ASAM OpenlABEL
Criena Evaluason

N FETDScope
OSI+OSC—&p

Operationa Design Domain
= ASAM OpenODD

Scenario Descripion

Logging Labelk for seraor data
= ASAM OpenlABEL

Dywamic Content
= ASAM OpenSCENARXD

Swne Contert
= ASAM OpenDRIVES
= ASAM OpenCRG

Retrieve =

-

Scenano metadata laties & heywords
= ASAM OpenlABEL

Scenaro pasatad cridena
= ASAM OpenSCENARIOT V2

B OpenSCENARIOIXCityGML. - o AN St il Aottt densl
OpenMaterial &~ LR EER AR
2—k
> RIEBETIADYIERRFEAHERE
1t

Source : TASAM Open Simulation Interface ASAM Open X1 (ASAM Technical seminar, 2020410 58H) . . D IV p
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OpenSCENARIO# D& FEOpenX CRIEF ICHIEERAFRIELTEY. DIVPPS MBI LETT
O—F%EH TS, EHEHAIICE§T H0penLabel [ZIZJARIG HZEHAFLI-LY

ASAMOpenXZi i /ZReR/DIVPO{T B ETE

E:REDRE Y DIVP®(Sakura={3)h oA T-5R 8 (R ER) FHavIsy

B Google FlatBuffers M A &5+ W OSI/DIVP®ZE 53 % LL B #R 5

> =i i Y EE A T M = .=
B YEsim% A2 L LI-Road ModelE & D R | o 1 ™ ROBOETVERZVIVIDR
B Sensor Modeling WP: Sensor ViewT@MPerception 7__‘45"7%{3{%75\ : = i ys: Cax o

Data® lRYRL\DER . BEBEa T4 a * OWE

B OSI-Extension T
VIVALDI¢ D12

B CityGMLEAR—XIZLEZYFETIANDILERD R . = A £ g 2 Y

B £ H[F<5 7 )L &L TOpenMaterial Z 4, 58 B A | t/ﬂ&mLM\EQW_ |$ﬁ%§§%7§\§ B HE Nihon Unisys, Ltd g OpenMateriall2 DL
v BMWASEE£IRHE &% EROpenXBHI-man | ToiLoOpen materialDeEsmAlstart, T E2— Iz ES<EREEL

| ﬂ*‘jcf~1—xv—xé=i7 AL I*ilj("“'ﬂlﬂti:,\(‘%%&bé DIVPOQ B8 RIEGICLEV=ODQE=F || =7 : p Py
%/EECL SavAy 2 4 TN jomimxe W CityGMLIE—E#4E

i L e P ®
UL SUXBOFRIEMEILT Bt B EEETC " g S SRR VRS

Scenario [IPESZE N0V 3% el WAV A K ) - T o, | | AEwmeasesan @ EZ R/
20 RO T4ay RET7I AV DHERELEL— %ﬁ—%\ HEQBNMERERMIHERT D

Open |o %ﬂg?%?ﬁ%ﬁ%i@inxgﬁﬁw Domainthr# | g 44081400SCEDOpenXERCE A4

X . . g s || VOREBIITHY. MRS O
Ontology BEE3 %3 7 HRBLISVIARR | GHABEOEENINSNEBEHY

B F 3 (EOntology&Label
#® SOLIZE DOFRICEAT SMAEE
£
B L A SimT— — o m EEREFTAERETET
JH (450 " N - —JL —OIZ, \EZ vl FLAAY
SLUN ¢ BREREH ARUSOL IRARISSTN || Dm#iizLEn

TREAV T av IIERA (. BF) £/, OSIOSImIFIZHEA . OpenScenario TRAIZI A %Dk, EZE(TOntologylEME T 57%E ., OpenX THEMTAIZEE A S . . D I v p
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VIVID is German funded VIVALDI & Japanese CAO funded DIVP?® joint project since
November 2020, targeting for Simulation based AD-Safety assurance Global standardization

VIVID key objectives

How realistic is realistic enough?

How safe is safe enough?

‘ Knowledge base created from
a reference architecture

Fidelity metrics of
simulation and test chains

‘ Open standards & interfaces thru ASAM OpenX
Scenario, sensor, environment, OpenX-Ontology

Complementary methods from simple
. to realistic: SiL, HiL, ViL, FOT

_ obalisation:
Multi-sensor platforms isatIO" & : , k teams” (JTTTs)
: Radar + LIiDAR + Camera Harmon s 'mttOp\ca\ tas
. anese ‘O — 'Lr’ec_:hnis_c_r_le Hochschule Technische
“'Jap & IL'M‘éerltjat KIT Kempten Universitat

Darmstadt
Benz

. Mercedes-
vIVvVeP \ﬂ' IPG  Blickfeld DLR

Source : German-Japan Joint Virtual Validation Methodology for Intelligent Driving Systems — VIVID, 5. Expert workshop “CAD”
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VIVALDI-DIVP® assigned person base leader to each JTTT for small team based discussion
to define the commonality & complementary toward AD-safety assurance Global standard

JTTT(Joint Topical Task Team) structure

Topic DIVP®(JPN VIVALDI(GER Target (under discussion
)
, . . B Exchange information on perception/recognition
J-(I;;II-:T t(:)?)rIZE:irrI]Sson of simulation Nihon Unisys, Ltd AVL model output, testbed and hardware interfaces
B Provide OSlI trace file output to JTTT 3.x activities
:JTTT2 Modelling, geometries and ,
(Environmental materials A=EILYvavaRan KIT B Exchange map assets and material database
Data
- ® : ,
JTTT3.1 Reference data, test M ERILRAY Hochschule " Evﬁﬁhs:r?]?nm(\j/; a)r:ﬁrzﬁl gg 83:23;1(23 t\r/ell\c;zlfllljel
(Camera) methods and metrics Sony Semicondustor Solutions Kempten y y
camera model
B Exchange DIVP® ray tracing output using simple
JT.TT3'2 Refe.rence data and model I #5)IBA¥ Pronecer Hochschule static scenario and study outcome on VIVALDI
(LiDAR) metrics Kempten
LiDAR model
JTTT3.3 \s/ier]n“SIaat tli?)r:{ Ssg?ggfgﬁge BCERINTIHAE B Comprehend differences in parameters and study
(RADAR) data 3?: SOKEN outcome on VIVALDI RADAR model
(V‘g\-lr'll:&‘:' Sensor testing and test ——— PN Technische B Exchange information on measurement methods,
Framevszrlkng metrics BCERITRAY yIHE Illj_',"v'l‘ée,ﬁ'ltjat and discuss reflectivity measurements
JTTTS_ Modularity, criticality, ® - L
(Scenario sensor-specific weakness ¥@ SOLIZE IPG B DIVP® proposed communalization of scenarios
Structuring
JTTT6 Scenario generation Technische B Both sides proposed to focus on scenario
(Simulation 9 . I(EFNIBAR Universitat generation and comparative studies of
process, test campaign Darmstadt

Validation

measurement results ™'

*1:Consensus on expected outcome between JPN-GER has yet to be confirmed
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DIVP® prioritize & propose JTTT collaboration for Sensing performance validation-ability
with Sensing weakness, Physical property owned environmental models & sensor I/Fs

JTTT scope from DIVP® perspective

Issues
From DIVP®
Perspectives

VIVID
Action
Policy

JTTT area of
expertise/
Leader

Fusion/AD model

B Validity definition of sim
accuracy based on connectivity
beyond sensor output and fusion
is yet to be determined

Scenario Environment Model Sensor Model
oty
Scenario Proert
B Standardized prioritization of ] Current format is unable to uropean suppliers are eeplrfwg
scenarios necessary for sims attach property info required for environment ~sensor models folded
. e , L as black box, and I/F between
require clarification. Current sensor sims, and rule making is .
JAMA strat . i tical t risk of di i these models is called for
strategy is not practica at risk of proceeding on true- Perception output proposed by
and needs rethinking. value+a basis ® ;

W Sort prioritized scenarios for | |m Study validity of true value output | ® Appeal positives of I/Fnode

B Discuss reference to VIVALD/I’s

sensor validation (critical B Consider standardization of 3D between environment/sensor sim accuracy

scenario (GER), sensing model format to add property models via exchange/validation of | B Spur all-Japan consensus
weakness scenarios B Prepare for map exchange from output and sensor models building by including JAMA
(JPN))(using PerCollECT) VIVALDI B Consider perception output action (Sakura)

B JTTT3.1 Camera
JTTTS JTTT2 JTTT3.2 LIDAR

(SOLIZE) (MPC/NUL) m JTTT3.3 Radar

mJTTT6

B NUL to handle all I/F related issues in JTT1.

Spearhead international harmonization via ASAM while establishing VIVID I/F standard in response to all JTTT activities.

JTTT3.4 also looking to include weather conditions in scope of business.

B JTTT3.4 to discuss toolchain including HILS/VILS, and to cover fundamental technology pertaining to measurement and validation criteria.

248 20214 E_MIERRBE

®’ DIvP



X\ FRE#E 1R

B AMEETOCTIRIVIDDHEE S B JTTT1

®® HivP
249 2021EE_MERRRE .



For sensing performance validation, perception module base In/Out-put signals are
mandatory for consistency verification vs real measured In/Out-put

JTTT1 scope Nihon Unisys, Ltd
Input Validation target Output

Generate sensor input data made by precise physical  Execute sensor model simulation  Output results of sensor model simulation to

simulation with environment data that actual sensor in virtual space automated driving models

could receive

m Environment § Space Design

SDM-G*

DIVP® “Environment/ Space design / Sensor” Model
~7

Sensor Model

Automated Driving Model
m Vehicle Control §§ Driving Model

Fusion ,| Control | Driving
Functions Models Models

Ray Tracing Sensor Models

(IIIIIIIIIIII
<IIIIIIIIIIII

*SDM-G : Space Design Model Generator

Source : Nihon Unisys, Ltd, .. i ' IV p
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Actualize format proposal towards standardization through comparison between DIVP® and
quasi-de-facto OSI standard

OSI vs DIVP® Interface Mapping v Nihon Unisys, Ltd

— Legend

=== 0S| Message
===p DI|VP® ROS Message

Environment Simulation
Moving/Stationary _
Geomet

Sensor Model

Sensor Model

GroundTruth SensdrView SensolView
. Ty Smi gy S

|
|
|
.
|
|

SensotData R IT
Sensor Fusion

)
<)
@
N
)
)
€

=

o

Material
Props

SensorViewConfiguation

Environment model

Environment Test data Generator lll Space design

Ray/Path tracing

Automated

driving control

? DivP
|

Source : Nihon Unisys, Ltd, D IV p
251 2021EE_HRARREE



Convert DIVP® spatial design output to OSI format, and integrate into VIVALDI sensor model

Proposal : Exchange the input of sensor model Nihon Unisys, Ltd
Sensor Model
m Environment | Space Design : - e Legend -y
I oves model |
DIVP® “Environment / Space design / Sensor” Model e d

~ VIVALDI's model
7

*’ DIvVP

DIVP® Sim

Ray Tracing Sensor Models

Convert the ROS topics to OSI SensorView,
integrate into VIVALDI sensor model and evaluate

“2  VIVALDI Sensor Model

Verify I/F connectivity and extension by exchanging/ verifying input data to
sensor models

Source : Nihon Unisys, Ltd, .. )QIYMP
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DIVP® proposed to exchange maps & assets & material attribution standardization

Proposed collaboration scope AHAS@ILYVavaRal

Environmental Environmental
Simulation effect model

Concrete scenario Bt [GEEHIie Scenarlo Propaga.tlon Perception Recognition Sensor fusion
and Scene SetUp execution Raytracing

B SDM-G with [
°OMe i cPVe |

Sensor Model Logical Model

SUT
AD control Vehicle dynamics
Veh-dynamics
model

- Exchange of maps and assets

Standafrdize of definii‘ion of materia%l attributes

Scenario data
OpenSCENARIO
OpenDRIVE
OpenCRG

: Execute Space design Sensor Sensor Sensor SUT
scenario 3l scenario | model Ml Perception [ Recognition Fusion M AD Control
: : : : A : A

;Grand Truth

OSI: SD include
Fusion Data

O.SIS; SV OSI: SV include reflection
Wltl‘:i GT & image Data with GT

Note SDM-G: Space Design Model Generator, SV: Sensor View, SD: Sensor Data, GT: Grand Truth
Source : MITSUBISHI PRECISION CO.,LTD.
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JTTT2 aims to standardize precise simulations and discuss standards for material data

Purpose and expected achievement in JTTT2 HEBTILYZavBRAH

Purpose and benefits of exchanging map data with VIVALDI

v Verify effectiveness of data compatibility.

v" First in ASAM, data formats can be discussed in DIVP® and VIVALDI.
v DIVP® enables verification using VIVALDI data.

As an asset DIVP®, achievement goals and motivation (intention)

v’ Standardization through precise simulations and discussions regarding standards for material
data.

v" We aim to reduce costs by standardizing material information measurement methods and
sharing data with VIVALDI.

Source : MITSUBISHI PRECISION CO.,LTD. . . D IV p
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The table compares DIVP® assets item and UE4 assets item in general, and DIVP® look to
confirm VIVALDI’s assets

DIVP®assets VS. General assets (UE4) HEBILYVavBRAH

“ DIVP® assets UE4 based assets

~m FBX Format

B Assetformat B FBX Format or
~ ® Uasset format

(depend on UE4 version)

- Geometry B Polygon B Polygon
~m Control ® Bone control - B Bone control
: method . B Partially original control - B Original control

PSR §

- m Texture

. B External definition o

: (Refer to material using mesh name as key) - B UE4 defined by blueprint
(depend on after process)

Source : MITSUBISHI PRECISION CO.,LTD.
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Toward Sim-based AD Safety assurance, DIVP® proposes sensor In/Out and intermediate I/F
for physical measured based perception validation

Camera I/Fs example

[
Legend A: IIF A : DIVP® Proposed I/F
|
Environment model Sensor model
Spotl cravin Perception ———— _—Recognition
A5

a
vAg

Example output

B Multiband spectral
irradiance (W/m”2/nm)

B Combine into high-bit images by HDR

synthesis

large amount of information was
erceived.

processing methods.

"
3 <) o
= 2 TZL : Image sensor block Control block
§ / \ Sensor
§=) Lens . Developmen . OL_’tPUt
< Spectral P:frfgzlrifégc HDR 24bit corrllD vnyeLssio 12bit tprocess | 8bit regabjﬁi?iton Fusion received by
o N fmes A Synthesis " (ISP oo the current
2 A A t Processing) * * OEM
» n%: . \ - (CAN-FD,
- ® -~ gl @ N Q@ - etc.)
. .- . i : ) Target recognition
Spatial input Multiple exposure output RAW (Bayer array) image Color image information
B Output of the Ray tracing |® Taking multiple low-bit images with different| ® Images with a wide dynamic range | @ Image with a color or a single color | |l |nformation such as the
of the space exposure conditions and communication capability of 8 bits in the development process type, position, and size
M |/t is possible to judge whether a | |® Information may be lost due to ’ ’

of the object

G Color filter array(Bayer array)

* Example of output is different from the reference example and actual output.
Source : SOKEN,INC
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DIVP® proposed 3-I/Fs, share & align I/Fs for joint proposal to OSI

JTTT3.1 scope BCERINIBAZ o e

Share & align I/Fs for joint proposal to OS/

Perception input Perception output Recognition output
|

I I
% | R | |
Q aw

o | : : | |
@ - § 7~ Piel Signal |

c - Processin
S ! oF |
| I |

Environmental model Space design Sensor model
B Precise reproduction of B Precisely reproduce propagation, reflection, etc. from the light source Camera perception model Recognition model

object shape

B Reproduction of
reflgqtion F:haracteristics L.(x,w) = Jfr(x' w, 0" )L;(x, 0" ) (@', n)do’
of visible light spectrum n

Calculate reflected waves using rendering equations
Photoelectric
conversion

4 Q) L.(x,w
Li(x, @) r(%,0) Raw Signal
Processing

Source : Kanagawa Institute of Technology, Sony Semiconductor Solutions Corporation

o
£
@
-]

o

E

15
o)

>

o
X

o
c
-
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Extension of platform connectivity on the basis of OSI through international collaboration

project VIVID with Germany VIVALDI

JTTT3.2 Scope

@ Input DIVP® space design output data into VIVALDI LiDAR model

[ sensor |

SDMG* B Scenario LiDAR i -

*SDMG: Space Design Model Generator *Jtown: Proving ground for AD in JARI

VIVALDI

| sSensor |
Perception Recognition

4 VIVALDI LIDAR Model —

@ Input DIVP®space design output data into VIVALDI LiDAR model

| sensor |
Recognition

DIVP LIDAR Model —

uonepijea juiof pue sjapolw sbueyoxy

VIVALDI

VIVALDI |

LiDAR

Scenario I
Ray Tracing

Model

MAP

I(BZNTIHAR Proneer

e |

_LIDAR technology company

Noise ASeols LiDAR LiDAR ECU

vA g ~ B = Control o
@ & ., ( [ N 1"«
v O% |~ I Detection O%

Point cloud data

Tx/Rx Digitizer (angle, distance, intensity) Object List

Key Point : Ray tracing method, 3D polygon model, physically-Based

[ B Near-infrared | | reflectance model, etc., are essential for LIDAR RX model

 iiibmtnd Cetiection Pw e w e e R n o

! Irag;iagcel ! Transmitter/

(] dpptrie | 3D maodel ! Optical system Photoelectric 2 5 =
5, ' ¥ ' Receiver/ conversion/ || Peak detection/ Object recognition/
> M Spatial rendering Obtical syeter AD convérsion TOF calculation o tracking algorithm
5

Number of rays x Point cloud data I

(horizontal/vertical angle, (horizontal/vertical angle,
distance, reflection light intensity, distance, intensity)

disturbed light intensity) L I

Object List

B Policy to standardize the output of space design and
propose it to OSI

B In FY 2022, we will discuss the latter stage of the
perceptual output IF and the perceptual output IF by
the exchange of the LiDAR model.

Source : Kanagawa Institute of Technology, PIONEER SMART SENSING INNOVATIONS CORPORATION, PIONEER CORPORATION
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Evaluate validity of I/F through exchange of Radar ray tracing data, and propose to OSIl as

standardized I/F

JTTT3.3 Scope

@ Input DIVP® radar ray tracing data into Continental radar

model.

Scenario Scenario| Radar
iad SDMG*
Data - Model m Ray Tracing ¥
-------------------- *Jtown: Proving ground for AD in JART
D sign Model Gen
VIVALDI o

# Verification steps
®Confirm I/F(supported by OSI) and data format(bag file?)
(@Discuss scenario(e.g. NCAP)
®@Sharing results

Sharing results

Perception

—A{ Continental Radar Model }—

@ Input Continental radar ray tracing data in

to DIVP® radar

e Discuss perception results?

model. [ Senor |
Radar Perception
Model
Environment
Ray tracing
Scenario = Scenario R ;_~ Radar
Data Model 1 iRay Tracing:

& Verification steps
@®Confirm I/F(supported by OSI) and data format
@Discuss scenario(e.g. NCAP)
@ (Discuss radar perception results)

I (BRNIBAY SOKEN

uonepijea juiof pue sjapolw sbueyoxy

¥ TOYOTA TECHNOLOGICAL INSTITUTE

Share & align I/Fs for joint proposal to OSI

DIVP Model  User Model or DIVP Reference Model

Spatial drawing
[GEVAIEETT)]

NCAP: CF‘FA 50

e tm

B .
S T A 7 .

" R &
e

Perception Recognition

Signal processing

.
FFT, Peak search, Target identification,
Orientation estimation| Tracking I

B Standardization and validation of Environment Ray
tracing I/Fs
B Expected outcome :OSI proposal

261 2021 FEE_MERRES
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[JTTT3.4 V&V testing framework]Aim for joint proposal on metrics and toolchains through discussion on
measurement methodology from modeling to consistency verification and HiLS/ViLS validation methodology

Joint study topics

D Measurement methodology from modeling to

consistency verification

® 3D model shape

® Light, millimeter wave reflection
® Sensor noise

®RCS

® Static test in lab-condition

® Static & Dynamic test in Proving Ground

® Sensing weakness condition verification on
Community Ground(Odaiba, Tokyo-C1)

UOI}EIIHIDA
Aoua)sisuon

(@ HiLS validation methodology

® Each sensor models'
® Multiple Camera
® [njection & OTA technology research

5
<3
)
=3
o
=]

=
®
[
=2
o
<3
o
o
Q
<

2 TRAR

KINICIWE INSTITUTE OF TECHNOLOGY

FY2021/2022
: @ Consistency

Topic

Test

Sensors

@ Validation N
methodization @ Injection/ OTA

environments Camera Radar LiDAR
SiLS
With Injection X X
HiLS )
(ViLS) With Screen x x
Car driving test
(NCAP)

Source : Kanagawa Institute of Technology
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DIVP®s competitiveness lies in its environmental parameters based on real measurement that can be applied to
simulations with high level of consistency. DIVP® aims to standardize relevant physical parameter and extend its
virtual environment through exchanges of parameters and sensor weakness scenario with VIVALDI

Summary and proposals

Proposals

Share parameters are to be set in each environmental

model
[Parameters in typical traffic scenario]

[Candidate Parameters in sensor weakness scenario]

B Control behavior of the ego vehicle components

Driving behavior of ego vehicle

Driving behavior of other vehicles
Pedestrian path, speed

Road path

Traffic signals, lane marks, road markings
Road geometry(slope/ cant)

The attitude of traffic participants

v Wiper

v' Sensor mounting position, attitude

v' Behavior of sensors
Reflective Properties of traffic participants
Reflective Properties of road surface
Reflective properties of surrounding structures
Detailed weather, atmosphere conditions

V@ SOLIZE

Goals (under consideration ™)

B Standardize relevant physical parameter and extend

DIVP®s virtual environment

v' Exchange parameter with VIVALDI, aiming to
globally standardize DIVP®s environmental
parameter structure

v' Exchange sensor weakness scenario with VIVALDI,
gain more information on user interface, and
remaster scenario interface to satisfy global user
demands

Steps

B The next step towards harmonization would be to
understand the similarities and discrepancies between
GER/JPN:

v" Exchange list of relevant-cum-open parameters of
models, containing names/ types and without value

v' Investigate if the exchanged parameters can be
directly used in each side’s model

v Conduct comparative study of the used parameters

*1: Goals yet to be confirmed
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Traffic participant models and 3d map models have accurate 3D shapes and reflective
properties obtained by measuring the actual objects

[Cf] 3D shapes and reflective properties in DIVP® models

Accurate 3d shape:
Compared to typical CG models, DIVP® 3d models

has much accurate shape in order to minimize the
angular errors of ray tracing

By reducing the amount of information while ensuring the precision of the model shape, the
precision and speed of the simulation are both achieved
Development of information volume reduction tool (*1) using sensor
resolution as an error tolerance

S EETALYYarBRaH
AUITEUEISM PRCCISION OO LT

<Example of reduction=> <Example of reduction=

S-meter model 10-meter mode|

{Reduzed the number of polygens to 20% ) (R |
il i

=Qriginal data >

1 rsmber of polygans to 20% |
A

The amount was reduced by paying
attention to information that is too detailed

high-speed simulation.

¥ The data i recucsd t the extert that the difference cannat be recogrized from the videc

Savce - Copynght © CARLA Team 2010, MITSUBISHI PAECION €O LTD

DV Conmorium FY20) Yearsrd repatt 77

V@ SOLIZE

Reflective properties:

and does not affect the sensor, resulfing in a

BRDF of each surface material type has been measured
with the actual object sample

Additional conversion of surface conditions (e.g. wet
surface) and extrapolation are also performed as needed

Reflective and transmission characteristics exist in material properties, and highly
consistent reflection is reproduced by modeling based on experimental measurements

Reflection and transmission characteristics of the material Nihon Unisys, Ltd SOKEN
For each mode! in the measurement

Reflection characteristic
characteristics

Wave source : mm—tEIE e,

Retrareflection

Specuiar refection

Diffuse reflection

Hegular transmissian

Permeability characteristic

S - SOMEN, K. fivon Uriers, Lid
D0P¥ Cormorium

FY20H) Yearend report T8

Source : SOLIZE Corporation
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DIVP® project scenarios were selected based on the criteria of whether scenario proves to
be “simulatable” and “high impact to safety assurance”

[Cf] Scenario selection in DIVP® project

V@ SOLIZE

DIVP® “sensor weakness scenarios” are selected for proving that DIVP® platform is “able to perform verification related to the sensor output
under the autonomous driving situations”

Remark: In Japan, as a comprehensive safety assurance framework, “Automated Driving Safety Evaluation Framework” has been discussed and published by
JAMA. In VIVID framework, it would be discussed in JTTTG6.

The scenario selection criteria is based on the expert knowledge on the following:

“Simulatable”

Is the real phenomena modeled by DIVP® simulation which is mainly implemented with ray-tracing?
Does the verification with the simulation have more advantages than actual vehicle verification?

“High impact to safety assurance”

First, some prior phenomena were selected based on the expert knowledge of the sensor maker experts.
After that, some scenarios in which the selected phenomena are supposed to be occurred were chosen.
(It means “the sensor weakness scenarios” are not necessarily critical scenarios in the traffic situations.)

Example sensor weakness scenarios

in DIVP®;

LiDAR

Radar

Camera

Other environment

Blackspot caused by the objects with low near-infrared
reflectance, such as black leather jacket

Multipath caused by the wall, such as tunnel wall
Difficulty in identification of the objects with the same speed

Halation due to the backlighting
Blurred lane marks (while lines)

Rain
Snow

CPNA like scenario with a pedestrian who wears a black leather
jacket

Driving in a tunnel
Driving behind two vehicles in parallel at the same speed

Driving west in the evening
Driving on the road with blurred lane marks

Driving in the rain
Driving in the snow

Source : SOLIZE Corporation
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In current DIVP® scenarios, we choose environmental parameters and 3D models with
detailed properties. Other environmental parameters are only in module settings

[Cf] DIVP® scenario parameters "5 SOLIZE

B Environmental and physical phenomenon related parameters
which can be set in scenario
v’ Date, traffic participants models, 3D map models (with
latitude/longitude),weather(sunny/cloudy/rainy/snowy),
precipitations
» Sun altitude / azimuth
> DIVP® environmental module calculate position of the
sun based on the date parameters and
latitude/longitude parameters of selected 3D map
model
» Traffic participant models with accurate 3D shape and
reflective properties
» Select ego vehicle model because its shapes and its
properties affect phenomena
« 3D map models with accurate 3D shape and reflective
properties of all structures of the town including roads,
traffic signals, blurred lane marks, buildings...
« Ego vehicle / sensors settings
» type/model/number of sensors, front/brake lamp
lighting

Source : SOLIZE Corporation . . i ' IV p
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Sensing weakness scenario validates 4-state of perception

Perception cases

Sensor perception

Target oo EE Camera Radar LiDAR
Object not visible due to darkness & Multiple objects are not able to be Not able t percept due to wearing black
backlight segmented & percept as one object leather.
False : :
Negative p [ X &
AR -
= i F

Flare or ghost could be percept as Reflection of the gradient path leads to

objects false perception of non-existent objects

False
Positive

- l ’ - | False .
- A . perception
'] ﬂ! > due by
. miller

reflection

Source : MITSUBISHI PRECISION CO., LTD.. SOKEN,INC, Pioneer Smart Sensing Innovations Corporation
270 2021 FE_MRABRBS




During the scenario transition, perception state will be fluctuating in time being

Perception state variance with “specific” sensor performance

False
Negative

False
Positive

“Correct perception” , “False positive” , “False negative”
3-state is needed to validate & define the sensing perception status
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For the perception validation, sensor output “Measure-ability” is the mandatory threshold

Validation procedure

Source

Sensing weakness scenario

]

L) 0

¢ Receive

-
. Space design
Environment model Sensor model
model
/'y > —> A A
RO) @
Measure &Validate the sensor output

Measurable or not is also the key feature for sensing limit definition ‘

Source : DENSO, INC, HitachiAutomotiveSystems, INC, PIONEER SMART SENSING INNOVATIONS CORPORATION . . D Iv p
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DIVP® would like to propose Scenario portfolio for sensing performance validation

Scenario portfolio

Perception status

[ | 1
[ |
| |
False I True [ False
w2 Positive I (Correct perception) | Negative
S [ l
|
Qo
Q o N How to define
Q === == |—— === = === = === === = = - the threshold?
O
3
(7))
o
S How to define the threshold of

True or False?
- Sensor Application Level
- Perception Data level
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AEB Pedestrian crossing Camera output

LiDAR output

J-town.”Eur-NCAP
HE7Ooran

B ADWEFHFEZITOIERNDEEHEOEM, HT514V,
B EESATLARNY—ILRUA

B XEEDEAN

W RIS RS, SRR,
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= 43 I3 i

| TOTLTADEER
(&IBERAD NS E

8/4 211
| i i >
SR ) $§ o EEENRE)
STEP1 (2 2aL— 3 {RER)
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HRIGRIETD
oY ERI—Y

| ER) STEP2(¥2al—avER)
(21/11~"22/1) (C22/1/5~"22/4)

SAamiRAG Google 5 2
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