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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)

* PG : Proving ground, CG : Community ground
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Motivation & objective
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Highly Consistent Sensor Modeling is a key enabler of virtual validation for AD/ADAS safety
assurance. HCSM indicates environmental, ray tracing, and sensor models.

Motivation : Highly Consistent Sensor Modeling (HCSM)

Real vehicle test Virtual test .‘! DIVP

SILS/MILS
(Software in the Loop.”Model in the Loop)
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Source : Kanagawa Institute of technology, MITSUBISHI PRECISION CO.,LTD., DENSO Corporation, Pioneer Smart Sensing Innovations Corporation, Hitachi Automotive Systems, Ltd.
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DIVP® Space design model owns “Geometry-data” & “Reflective and Spatial propagation
properties” enable AD-safety validation with Highly consistent sensor models
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Source : Hitachi Astemo, Ltd. , DENSO INC, Pioneer smart sensing innovation corporation
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The project architecture designed by DIVP® precisely duplicates Virtual from Real, and
verifies consistency with real testing by 12 experts as DIVP® Consortium

DIVP® project design

Environment

Measurement & validation

Vehicle
| Sensor |
control
Measurement & validation

SOKEN

A_«u_tomated B Performance limits
Space design ariving model SV AR

Rea
environment

Real Physics
Based Virtualization

Performance Validation

Sensing weakness ‘E K Ny pmrp——— v’ Traffic disturbance
scenario database () Mp-?_luco.m Nihon Unisys, Ltd ~ camera modeling Camera modeling I(ERNTBAY v' Human errors
S Semiconduct
S TRAS = o . [E— 501 1z Sotutions Gorporaion A et
i q = conditions i Visible light » Perception » Recognition -» Fusion
Sensing e <Z( Ray tracing
weakness DB - — i _ . v
> 9 H Moving object Radar modeling Radar modeling
Sensing weakness S Bs peEnso  weshin Risk prediction
scenario — BS Temporal || Test dat - v
search algorithm © modifications [ estaata || Mllllmeter-\_/vave » Perception » Recognition | v
(Al) S generating tool Ray tracing Driving
ol =] ) Road fumiture Path planning
7 J = W5 and rules || LIDAR modeling 7
TToC > pa Pronecer Vehicle
5 Infrared light || . N . .
8 Road shape | Ray tracing Perception » Recognition [~ | Motion control

Platform with standard | / F
< #BFRNIBAZE Nihon Unisys, Ltd

*1 Ritsumeikan finished Feb-2021, DENSO finished June-2021, Hitachi finished Sept-2021
*2 TTDC, U-shin, Toyoda-univ joined Mar-2021
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DIVP® scope covers “Physical Model” & “Computing Performance” in Trinitarian approach

DIVP®scope & Objectives
DIVP® Scope DIVP® Objectives

Trinitarian approach

Data Evolution of
Accumulation physical
& utilization Model

B Open Standard Interface
Platform

implementation

P B Reference platform
8 with reasonable verification
Evolution of
Computing
Performance

Study reasonable B E & S pair model based approach
semiconductor spec (E : Environmental model, S : Sensor model)

With project outcome DIVP?® is to Improve Simulation based AD Safety validation
for Consumer acceptable Safety assurance

Source :FY2020 Year-end report . . I
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Project overview

B Review of safety assurance basis
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Agreed for the project demarcation in JAMA - METI(SAKURA) and SIP(DIVP®) to build a
safety assurance basis for automated driving. (unchanged since the beginning of 2018)

The demarcation for building a safety assurance basis for automated driving

Concept Data Structure - I/F
Scenario Driving data Scenario Target data Test data Sim PE
structure measurement generation generation generation
METI(highway) |METI(highway) SIP
: *Intersections *Intersections @Vehicle
flaticiion JAMA and ordinary road |and ordinary road performance
will be supported |will be supported evaluation
SIP
Perception CDefc?enS:tic:n
performance/ P Pt
Perception JAMA evaluation

disturbance

@Vehicle
performance
evaluation

Source : lllustration of the project demarcation (DIVP® Implementation Plan: unchanged since the beginning of 2018)
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In order to build a safety assurance basis for automated driving, made a joint promotion
task force with JAMA, JARI, SAKURA, DIVP®, and AD-URBAN.

Promotion structure of safety assurance basis for automated driving in Japan

METI | | MLIT

Panel on Business
Strategies for Automated
Driving

METI | | MLIT | | CAO

t

Safety Assurance

\

Safety Assurance
Joint Promotion
Steering Committee

Strategy WG

A

JAMA

SAKURA

JARI

a

A

Safety Assurance
Joint Promotion
Task force

A

CAO SIP
SIP-adus
Steering Committee
t

System Implementation
WG

P DivP
AD-URBAN

Source : Overview of the Joint Promotion TF for Safety Assurance of Automated Driving (Materials from the FY2021 Workshop for the Establishment of Safety Assurance Infrastructure)
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Human behavior shows that "Can you see it?" and "Don’'t you run into me?"
form the basis of safety.

Basis of the safety assurance

Circumference is
"Can you see it?"

Ambient and "Don't
you run into me?"

11 FY 2021 _ Year-end report



Physical-sim & system-sim combination structuring are needed for AD-safety assuarance,

and DIVP® focusing on Physical-sim for Sesnor Physics validation

Features; Construction of sensing model with high consistency with actual phenomena
— DIVP® simulation contributing to AD safety assurance

Scenario

B Sensor Weakness Scenario

based on expert knowledge

 oivP

Physical
Sim

SDM

-Generator*

Validation

B Virtual space based simulation verified
for consistency

B Geometric scenario based on

analysis of accident data, etc.

Weighting scenarios based on risk x

frequency x detectability

Judgement

m Virtual Validation of Cognitive
Performance Based on a

Concordance Model of Measurable

Perceptual Output

Combination and application of each

method
B HILS B Actual vehicle validation

Alternative and efficient validation of actual
vehicles using simulation verified for
consistency

\ 4

. T

Can you
see it?
B Accurate prediction of vehicle
position to determine margin for ;
accident and. Don't you
b run into
. me?
» lR

Vehicle behavior and sensor
perception output and judgment as a
rule of AD system

* SDM — Generator ; Space Design Model - Generator

Source : Hitachi Astemo, Ltd. , DENSO INC, Pioneer smart sensing innovation corporation
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Based on the JAMA safety evaluation scenario structure, the joint promotion TF of SAKURA,
DIVP®, and AD-URBAN implemented scenarios and verified simulation environment validity.

AD-Safety assurance Task force structure

Scenario definition and implementation Simulation environment construction

Automated driving system validation
JAMA  DIvP AD-URBAN
Safety Evaluation Framework
1
[ L I . External Space Recognition of the .
Traffic Perception Vehicle control VSII.r:'.t environment®{ design B 2?)?;? surrounding environment Path planning Vehicle
FY2021 disturbance disturbance disturbance allaity model model control
Stud Localization Path tracking
Team Verification guidelines for sim environment validity . .
Simulation PF
structure Sim. IIF
SAKURA Study Actual AD system vehicle
Running/Measurement data Scenario —
- 3D Data (Vehicle/Target) H| h-precision ma A
Functional .| Logical .| Concrete IF Study - Reflection characteristic data 9 pdata P ‘ o o
Scenario " | Scenario "| Scenario
[
<Team1>

SAKURA | &P DIVP <Team3>

Jama (9P Dive <Team2>  @®DIVP

B Revision of the safety evaluation framework
B Verification of the simulation environment
validity

FY2021 B Scenario interface definition B Integration of AD function and simulation
B Cl Environment implementation

environment
B Verification of the perception limits

Activities

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee
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Project overview

B Review of safety assurance basis
H In SIP, AD-URBAN linkage
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The needsl/issues of actual AD system are reflected in the virtual environment, and efficient
performance/safety validation process of AD system has been built in ties with AD-Urban

Overview of AD-URBAN and DIVP® Project < BFEIRARE

KAaNAcAWE NSTITUTE OF TECHNOLOGY

Virtual Space; Construct and deliver virtual environments Real world; Real environment / System

2 OIve

@Factor Analysis, Reflective property

" e Lidarflodel  ® CameraModel S (LT @System, Recognition failure, Scene extraction

® Sensing Weakness Scenario, Reflecting Data to Model Creation

Environment - Propagation - Sensor
Model Construction

@Environmental Model ©Driving validation, Scenario,
Consistency Verification Construction (Sharing)

®Improving performance and robustness of
autonomous vehicles

®Model validation by Recognition Algorithm (Sharing)

® Environmental Model Readiness Assessment for Semantic'Segmentation

©Creation and provision of virtual environments, —i‘ @Recognition: Validation and improvement of decision module

propagation, and sensor models in each scenario

Orthographic mapping Vvalidation

Self position estimation validation_ (edge case of thermal shielding painting, etc.)
Signal recognition algorithm validation, ete:

System — environment model connectivity Improved IF specifications (e.g. time
synchronization)

Source : Kanagawa Institute of technology, AD-URBAN AD-URBAN . . D Iv p
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Constructed a combined environment of virtual environment and autonomous driving
system, and performed functional validation of the AD-URBAN system

DIVP® Connecting Virtual Environments to < BR)ITRAE
AD-URBAN Autonomous Driving Systems A Outputvalidation unit

Legend —» :Where to conduct the assessment

K n - = =% : Points to be considered for continuation
------------------------------------------------------- AN aZaNa ] b U RBAN | ———
University

Virtual Environment (Sim)
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condition Automatic operation system
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Note:Information on the shape and position of the signal is retained before
the system is executed.

. 2 e e peaapppe \

Recognition of the
surrounding
Signal recognition

Scenario Environmental
model

Environmen —»| Visible Path/Raytrace [ Camera Model
tal condition
3D
Moving Geometry
object Model

:

»  Signal information

Object recognition

Open SCENARIO

Millimeter-wave Millimeter-wave I
—@-» — 9> > ! i
Tempora R R Model ! !
H chrfngery ayrace ader Mode 1y Mobile trajectory ' Motion determination ! Vehicle control |
: : prediction : 1 :
. I T TTTT T FTmTTTT T ! Steering control 1
W E Roadside Reflection | i A v vy e 9 i
= marking property Iy ) . ! . . [ !
e _ (I rbit trackin (I y 1
=) model N Near-infrared light N LIDAR Model | _: : Self-location estimation | 1 Orbit trac 9 | | : Driving force control 1
c »
) Road Raytrace - > : -1 Steering quantity R T ———— e 2
9 geometry : Map Matching "-b: determination - X
1
\—‘ | 5 : Driving force | !
4 J—I—.—— ] determination i |
. 1 e e - 1 |
“»|  Vehicle model Information related to i L High-precision map !
own vehicle position t (Ortho Map) Note:High-precision maps are created prior to system !
) : 1 execution |
1
|
e e e e eST DT TIITTTIICTTToIooTToooooo----datatransfer---occo--ooooo-ooooTo-ooTToTooTToToTTIoIITTIIIIIT e

Source : Kanagawa Institute of technology, AD-URBAN AD-URBAN E‘. D I V p
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The effectiveness of the simulation is shown below

I (BRNIPAZ

Red letter: Action item
: Model consistency and improvement

Legend
FY2021 - : System performance validation

—0—0—0—0—0 @ @ @ @ @ o O—>

April August September October November December January February March

Implementation Schedule and Assessment Scenario

Self-location estimation validation Signal recognition validation Object recognition validation

Model consistency validation

(LIDAR) (Camera) (Camera/LiDAR Fusion)

. C . - Pattern of different objects
High  -Heat-shielding coating . ,
*NCAP dummy model Arrow signal High  -Hidden by surrounding

*Vehicle model High  -Flashing signal structures
- Solar model backilit Medium *Weather (rain) Backlight
‘HILS Puddle
*Weather (rain)
. *Weather (rain) -Night
- Hidi i Medium ,
U;dt:?c?ezy surrounding *Night Medium -Emergency vehicle
Model improvement Low .Splash *Water hoisting

-Reflected light of the
Low building
*Ramp signal

-Blurring of white lines *Imitation point due to rain

- Reflection model of the asset
- Solar model (shadows)

Flashing of the alarm lights of

emergency vehicles
Low - Different planting, street trees

*Splash

Source : Kanagawa Institute of technology AD-URBAN . . I
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[Model Consistency Validation] We verified the consistency using the camera image
recognition function of AD-URBAN proj.We verified the model improvement of NCAP dummy.

Basic NCAP dummy cross section scenario in test course (JARI J-town) < #FIIRAE

WNSTITUTE OF TECHNOLOGY

Verification Relationship
Results to a factor

Model element Putative factor Verification technique

B The way in which No change in

Light source light shines B changing sun position perception x
éﬂ ......................................................................................................................................................................................................................................................................................
S) B Specular B Change Reflection Improved 5
o §_ component Intensity consistency
g §' =Y 1Y = T S .
: © 5 object
SHS
. i % T = (NCAP B Asset Resolution B Change resolution cgr?gcraer}c?:r?ge X
S Issue: Part of upper body misidentified as 3 Pedestrians)
"VGhiCle" g ...........................................................................................................................................................................................................................................
= B Unevenness of the Improved
B Change Texture . ¢}
asset consistency
™ The degreg to which B Perform blur Decreased
Sensor something is out of . x
processing concordance

focus

Source : Kanagawa Institute of technology, AD-URBAN AD-URBAN D I V p
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We confirmed that adding reflection intensity of NCAP dummy and unevenness of the
surface using the camera image recognition function of AD-URBAN improves consistency

Improving consistency by adding reflection strength and unevenness to assets < BFIIRAZ

WNSTITUTE OF TECHNOLOGY

Original Sim image Change Reflection Intensity Convex/Concave asset

Semantic Segmentation Results Semantic Segmentation Results

-~ -

Partial improvement of the
upper body

Partial improvement of the
upper body

Improvement of surrounding
asphalt

)
% oive

Source : Kanagawa Institute of technology, AD-URBAN
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[Model Consistency Validation] The specular reflection strength of asphalt was reexamined
through consistency verification using the camera image recognition function of AD-URBAN

Basic vehicle separation scenario on the test course (JARI J-town) < BFEIRARE

KAaNAcAWE NSTITUTE OF TECHNOLOGY

Real image (AD-URBAN) Sim Image (DIVP®)

i

—

il TR A P s o T s - Ii i = zo
/ Match
Inconsistency

Semantic Segmentation Results Semantic Segmentation Results

Be able to recognize distant plants

Road
surface

Be not identified as a plant

White line

Sidewalk

.....

Comparison

Sign
Misidentifying asphalt reflections as

vehicles

Be mistaken about the interior of
Source : Kanagawa Institute of technology, AD-URBAN one's car AD-URBAN . . D IV p
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[Model Consistency Validation] Consistency verification using the camera image
recognition function of AD-URBAN. The vehicle and white lines were confirmed

Basic vehicle separation scenario on the test course (JARI J-town)

Real image (AD-URBAN)

Sim Image (DIVP®)

Semantic Segmentation Results

—

e —————————————— e
il UL L] re— = Gt
— e
f 0 == 1
¥ ool ~ !
~

Semantic Segmentation Results

Match

Inconsistency

The vehicle can recognize the white | |
line.

Be able to recognize distant plants

Be not identified as a plant

Comparison Ng

s

NCES

Be mistaken about the interior of

Source : Kanagawa Institute of technology, AD-URBAN
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Road
surface

It was confirmed that the
recognition and misrecognition
of typical recognition objects
were correctly reproduced.

White line
Sidewalk

Sign
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[Model Consistency Validation] Bad scene observed in AD-URBAN, where image was
saturated due to backlight and sign went undetected, was reproduced by DIVP® Sim result.

Recreating a Bad Scene Due to "Returning the Sun” < BFIIRAZ

WNSTITUTE OF TECHNOLOGY

Real image (AD-URBAN) Sim Image (DIVP®)

Match

Inconsistency

Semantic Segmentation Results

Recognize street trees and
signs

Unrecognized marker by backlight

Road
surface

It was confirmed that signs,
street trees, and unrecognized
backlight were correctly
reproduced.

White line

Sidewalk

Sign

NCES

Cpmpariso

Sidewalk results are different
(Reproduce Map)

Source : Kanagawa Institute of technology, AD-URBAN . .
g ay AD-URBAN ® olVerL
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[Model Consistency Validation] The solar light setting was reviewed through consistency
verification using the camera image recognition function of AD-URBAN.

Reproducing a bad scene due to the "border with shadows™ < BFIIRAZ

WNSTITUTE OF TECHNOLOGY

Real image (AD-URBAN) Sim Image (DIVP®)

Match
Inconsistency
Semantic Segmentation Results Semantic Segmentation Results
L]
hadow does not recognize white Recognize street trees and
lines signs

Road
/ B 1 the real image, the shade of
the tree is blurred, but the

sl cge of the Sim is standing

Sh  and false color oceurs.

result in different shades
Source : Kanagawa Institute of technology, AD-URBAN AD-URBAN .. D Iv p
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[Model Consistency Validation] DIVP® Sim result reproduced the bad scene observed by AD-
URBAN where the white line goes undetected when overshadowed.

Reproducing a bad scene due to the "border with shadows" < BFEIRARE

KAaNAcAWE NSTITUTE OF TECHNOLOGY

Real image (AD-URBAN) Sim Image (DIVP®)

Match
Inconsistency
Semantic Segmentation Results
]
Shadow does not recognize white Recognize street trees and

lines signs

Road
surface

It was confirmed that
unrecognized signs, street
trees, and shadows were
correctly reproduced.

White line

Sidewalk

Sign

Tree shade result matching :
Source : Kanagawa Institute of technology, AD-URBAN AD-URBAN . . D I V p
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[Model Consistency Validation] The bad scene observed by AD-URBAN where the white line
goes undetected when overshadowed, was reproduced by HiLS.

Reproducing Bad Scenes Due to Shadow Breaks (HiLS) < BFIIRAZ

WNSTITUTE OF TECHNOLOGY

Real image (AD-URBAN) HiLS Image (DIVP®)

Match

Inconsistency

Semantic Segmentation Results Semantic Segmentation Results
—
Shadow does not recognize white Recognize street trees and
lines signs

Road
surface

B |t \vas confirmed that HILS can

Massull also validate bad scenes.

Sign

NCES

Source : Kanagawa Institute of technology, AD-URBAN AD-URBAN .. D Iv p
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[Sharing of driving validation scenarios]in tandem with AD-URBAN, issues for actual vehicle
validation are provided from the system and shared as priority weakness scenario. j€ #%/|IIBAZ

Self-location estimation
validation

Rinkai Fukutoshin Area

(LiDAR)
Validation point self-positioning (LiDAR)
- = @ Difficult to detect the white line because the reflectance of @ The reflectance of the white line decreases due to road surface
Q) ; % | | 9 the asphalt is the same as that of the white line. wetness, and it is difficult to estimate the self-position.
Pt .-'—JG:' YT ! i _‘_."
P T E
ai-. i A L
L e e——

.i..,....- T <

y 2, - Effect of

\3 : rainfall

At

1 | @ heat-shielding coating

A B =— LIDAR Point Cloud LiDAR Ortho Map

¢ -

P .

Y * S

&
\ ¥ @ f
%-'K.'m—."—-ﬂﬂi:'{f ;

Vehicle Position

%0 OpénStreetMap contributors

Source : AD-URBAN
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[Modeling of waterfront subcenter (Virtual-CG development)]Reflection characteristics were
modeled based on experimental measurements, and detailed Virtual-CG was reproduced.

Modeling based on experimental measurements < BFIIRAZ

0
=
o
=]
Q@

Modeling Reflection Characteristics DIVP® Sim (usually asphalt)

B Measurement characteristic

Ajisuayul
uonosyjjal

\
diffuse reflection /¥ specular reflecfjon

MmO U@

veou [

1
1
1
i
1
1
1
1
1

incident wave |
90° -

- -

DIVP® Sim (Thermal shleldlng painting)| In the thermal shielding painting,
E— the retroreflective component
tends to become stronger.

Source : Kanagawa Institute of technology, SOKEN, INC
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Self-Position Estimation Validation (Thermal shielding painting)Self position estimation
validation is possible at the time of ortho map generation and road surface alteration

Template matching of map image and LiDAR image of each road surface condition < BFIIRAZ
After contrast correction
With thermal With thermal
Asphalt road surface shielding painting shielding painting Map image

High
| Ne
S Validation assuming road surface repainting:
% Map image generation with asphalt road surface data
§' validation of self-position estimation at Change to High
Reflection Road by repainting of road surface
Low

The higher the correlation value (red), the easier it is to
estimate the self-position.

Performance limits limited to specific conditions can be searched by using simulations.
Improving the efficiency of sensor and algorithm development as a reproducible validation scenario standard

N oive

Source : AD-URBAN
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Examples of system control robustness/performance limits for edge case conditions.
Searched limits using Sim highly consistent sensor + Sensing weakness scenario

1(BRNTHAZ

Example of AD-URBAN system linkage; DIVP® Validation of Self-Positioning Algorithm Using sim

DIVP® LiDAR & Camera Sim. E— LiDAR & Algorithm output —_— Effect on localizing accuracy

hdat
Normal shielding

W
.

Estimated location by map matching

Estimated location
(Posterior probability density distribution)

DIVP® Simulation provided high robustness of the AD-URBAN (Kanazawa University Proj.) self-location
estimation algorithm, which we would like to validate in the system but Difficult to set in the real world.

Source : Kanagawa Institute of technology, AD-URBAN AD-URBAN . . D Iv p
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Reproduced recognition performance limit level by modeling reflection characteristics
based on white line wet condition, and confirmed influence of retroreflection characteristics

Recognition performance limit level by stepwise “Road surface wetting model"

Incidence
Level 0

drying Diffuse

Retroreflection
Incidence
Diffuse
reflection
s

X = fraction of the area soaked
by the bead
Ex)x=2 — 20%

Level 1
indentation

A condition in which a wet place
becomes dark

Level 1.x

partial saturation state Incidence

Of water, to seep out of the surface diffuse
A portion of retroreflective beads in B G (Yleg ™y
the laser spot area is immersed in e : ; ]
water
Level 2 Incidence
saturated state Diffuse
Of water, to seep out of the surface - refigction
Retroreflective beads soak in water |
Level 3 ncidence
thin water film Diffuse
Have a 1 ~ 2 mm water film ESHecH 7 reflection
i
[ |
Leveld Incidence
thick water film Diffuse
Have a few millimeters or more of Shea a reflegtion
water (I used 10 mm) | o

Diffuse reflection

Specular reflection

Retroreflection

Diffusion
characteristics of
the material

Decreased level

proportional to area

1 Disappearance of
specular reflection

Lower levels in the infrared
light region

(Water extinction coefficient
becomes non-negligible)

Specular properties

of the material

Specular
attenuation

fraction

(= diffuse)

Water specular

Recursive property of the
material

Retroreflection diminishes
in proportion to area
fraction

Loss of retroreflexes
(= diffuse)

Normal road surface
+ Road surface wet

Source : SOKEN, INC, AD-URBAN
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Self-Position Estimation Validation (Wetting Model) Validated performance limits of self-
position estimation without changing vehicle conditions or other traffic participants

Template matching between map image and LiDAR image of each level: B 5 TRAS
(Thermal shielding painted road surface + road surface wetted) Aftor contrast cofrection TS TereE
Lv1.4 Lv 1.6 Lv1.8 Lv 1.9 (Performance Limits)

”»>

-

- = Al Ll sl J

e higher the correlation value (red), the easier it is to estimate the self-position.

I
-“—:-

uonea.Ion ~

,_
o
=

Performance limits limited to specific conditions can be searched by using simulations.
Improving the efficiency of sensor and algorithm development as a reproducible validation scenario standard

N oive

Source : AD-URBAN
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System control robustness for edge case conditions and validation example of performance
limit Search sensor using Sim + Sensing weakness scenario with high consistency

Localizing Algorithm Robustness Verification using DIVP® < BFEIRARE

KAaNAcAWE NSTITUTE OF TECHNOLOGY

DIVP® LiDAR & Camera Sim. — LiDAR & Algorithm output —_— Effect on localizing accuracy

»

 Patked vehicle * [Estimated Jdcation by mapfatching

/
\ ~ Hiding"of the road
surface occurs.

Estimated location
(posterior probability density distribution)

DIVP® simulation provides adverse conditions that the system wants to validate but is difficult to
set in reality. We were able to verify the high robustness of the self-position estimation algorithm of

AD-URBAN (Kanazawa University Proj.).
Source : Kanagawa Institute of technology, AD-URBAN AD-URBAN . . D Iv p
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< #BF)IITRAE

HAaNacaIWa NSTITUTE OF TECHNOLOSY

[Sharing of driving validation scenarios] In tandem with AD-URBAN, issues for actual
vehicle validation are provided from the system and shared as a priority weakness scenario.

signal recognition

. . . lidati
Rinkai Fukutoshin Area (Camora)
Validation point Signal Recognition (Camera)

@ Signal detection is difficult due to saturation
of light by backlight.

@ Difficulty in signal detection in rainy weather

L G il g A ”‘ D q

@ Indirect signal detection is difficult due to

building reflection. | Since there was no heavy rain during the demonstration
ok E—— = ” experiment, verified by using simulation
-‘ - Demonstration experiment data : few mm/h
Al .* J - Simulation capability : up to 300mm/h

e,

L :
.. ~© OpenStreetMap contributors

Source : AD-URBAN . .
AD-URBAN i ) Iv p
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[Traffic Signal Modeling]implemented signal model based on light distribution (IES) data and
spectroscopic property data for signal recognition (camera) validation

KAaNAcAWE NSTITUTE OF TECHNOLOGY

modeled image < BFEIRARE

Information collection for signal modeling Generation of precise properties based on real machine measurement
Odeg
@ Investigation of the relevant organizations . sm(c% o — : |
o = radiation angle Green :
Coastal demonstration experiment = (deg) —o signal data i
[T e - —30 s
TF 60 g -0?; 60 180 |-
-06 cC 2 . —270
c 2
o c
@ Request 50 5 20
u .
DIVP® Introduction . PR . .. . . .
modeling ® uet light distribution characteristic; Luminosity per angle of emission
information — Spread of light defined ™\ )
m e
> oo Yellow £ ¥
2 oou Example:green signal signal data | 8 ¥
@O 0012 g |
. . . . . E —~ 001
® Provision of information National Police o )
DIVP ~
. Signal manufacturer © oo
. . 0002 Red light
® Signal modeling @ Specification disclosure and L 0 data
experimental measurement n 450 g 560 650 760 H500
Wavelength (nm) —_—
spectroscopic property; Radiant energy per wavelength
— light color defined _Arrow
signal data

Source : Kanagawa Institute of technology, Nihon Unisys, Ltd. AD-URBAN . . D Iv p
34 FY 2021 _ Year-end report .




[Traffic Signal Modeling]implemented traffic signal model at the Aomi 1-chome intersection
for signal recognition (camera) validation I BRNIRAE

s
o
‘
st e ——

- Z
b <

\ £+ g2 P, , : x ; e s o
= I 2 - - = - <™ §
= R 2 : , 3 S s e -~
Source : Kanagawa Institute of technology AD-URBAN D IV p
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[Signal Recognition Validation]Models backlight, rain, and building reflections, which often
cause poor signal recognition

Modeling of failure factors < BFEIRARE

KAaNAcAWE NSTITUTE OF TECHNOLOGY

@ Indirect signal detection is difficult due to
building reflection.

@ Signal detection is difficult due to saturation
of light by backlight.

@ Difficulty in signal detection in rainy weather

Backlight modeling Rainfall modeling% Modeling Building Reflections

Reproduction of recognition failures that occur only under certain conditions

B Occurrence condition: Time (about 10 minutes between sunrise and early morning)
» Weather (clear)
» Building (Physical Properties)
> Vehicle position (relative to the building reflection point and the traffic signal)

Source : Kanagawa Institute of technology AD-URBAN . . D IV p
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[Signal Recognition Validation (Normal weather condition)]
Confirmed that automatic operation system generally recognizes signal without problems

= mgm t \|
AD-URBAN connection check (Normal weather condition) 1 (BF)IHARZ
Traffic signal detection rate
Intersection approach scenario (Demonstration experiment data/Simulation data)
LOOF g + o I .
—
0.75F Demonstration experiment data
8 (Normal weather condition) Average detection rate
LA Num of ROI = 59,101 of demonstration experiment :
ool Boe (Converted detection rate by distance 0.982
| T T e red into predicted pixel size from
& i‘f‘r . . = e 0.00} —*— amrow FY2020 AD-URBAN report results)
L"ﬂ ‘ gi.}ﬁ o " k. e - i X o o® ,LQ,’BQ oo o
Bems - ﬁ;f‘mll‘ e predicted pixel size (px) AbOUt the same
1.00F J—— *  —e— normal
0.75}
E 0.50 Average detection rate
& Simulation data of simulation :
0.251 (Normal weather condition) 0.989
Num of ROI = 668
0.00}
Q’\Q \erQ "LQP"Q ‘50'39 B@"'&

predicted pixel size (px)

Confirmed that the average traffic light detection rate of demonstration experiment
and simulation are about the same in normal weather condition

e G

Source : AD-URBAN
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[Signal Recognition Validation (Backlight condition)]
Confirmed the reproduction of recognition failures in backlight condition

Confirmation of backlight reproduction < BT IRASR

NSTITUTE OF TECHNOLOGY

AD-URBAN demonstration experiment

results DIVP® Simulation results

(a) (b) () (d) (e)

17m 15m
23m ——) 21m

r

Difficult to detect when the Possible to detect when the
sun is close to signal light sun is far from signal light

. o L ) No impact of . . .
Both conditions seem similar, although it is difficult to backlight when No impact of backlight when the sun is far

detect when the sun is close to signal light the traffic light from signal light
—The distance between signal light and sun is key point Slsl U O s

Difficult to
detect when the

sun is close to
signal light

Confirmed the reproduction of recognition failures when the sun is close to signal light

Source : AD-URBAN
AD-URBAN olVerL
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[Signal Recognition Validation (Rainy weather condition)]
Confirmed the reproduction of recognition failures in backlight condition

Confirmation of rainy weather reproduction 1 (BF)IHARZ
DIVP® Simulation results Traffic signal detection rate
L.oor | . — =iny || Average detection rate
oSk — of simulation :
0.868
0.50}
Simulation data .
0.25f (Rainy weather condition) The\; ;/ : r(jalog]wend:;t)taocﬂtlo1n2rate
0.00} Num of ROI = 780 percentage points from
. : : : ' normal weather condition
o o o o o
predicted pixel size (px)

[Lowering factor of traffic signal detection]
- Increase of undetected error due to raindrops shielding
- Increase of misrecognition due to coloration changeling

As the rainfall increases, the traffic signal detection rate decreases regardless of distance to traffic light ‘

Y oIve

Source : AD-URBAN
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[Signal Recognition Validation] Difficult to reproduce due to short time phenomenon where
specific conditions are overlapped in reality DIVP® Sim can perform reproduction validation

Reproduction of recognition failures that occur only under certain conditions < BFIIRAZ

KAaNAcAWE NSTITUTE OF TECHNOLOGY

B Occurrence condition: Time (about 10 minutes between sunrise and early
morning)
» Weather (clear)
» Building (Physical Properties)
» Vehicle position (relative to the building reflection point and the traffic signal)

DIVP® Sim image

Source : Kanagawa Institute of technology, AD-URBAN
40 FY 2021 _ Year-end report
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KanNacawa NSTITUTE OF

[Sharing of driving validation scenarios] In tandem with AD-URBAN, issues for actual
vehicle validation are provided from the system and shared as a priority weakness scenario.

Rinkai Fukutoshin Area

Validation point

# -
-:'.-EQ OpenStreetMap contributors

self-location estimation validation signal recognition validation
(LIDAR) (Camera)

object recognition validation
(Cameral/LiDAR Fusion)

Object recognition (Cameral/LiDAR Fusion)

Evaluate the recognition
performance of straight-ahead
vehicles that are difficult to see

Source : AD-URBAN
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[Object Recognition Validation] In tandem with AD-URBAN, planning the evaluation based
on “Geometry” and “Physical Properties”

Evaluation viewpoint (B IHKZ

Viewpoint Overview

B Evaluation based on positional relationship
Geometry Example : Hidden scenes caused by other traffic participants or surrounding structures
» Hidden by large vehicles or special vehicles

B Evaluation based on sensor physical principle

Physical Example : Scenes of pedestrian in a black leather jacket crossing at night
Properties > Night is a weak point for camera and black leather jacket is a weak point for LIDAR
Assets such as large vehicles and special vehicles Scenario of pedestrian cross at night

Bus Tanker

Source : Kanagawa Institute of technology, AD-URBAN, MITSUBISHI PRECISION CO.,LTD.
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Collaboration with AD-URBAN enables AD system validation using DIVP® Sim. Recognition
performance limit was reproduced, and weakness scenario validation standard could be set

Summary JERIIINAE
Using simulations, we confirmed that conditions that are difficult to reproduce in actual vehicles can be validated
efficiently.

*On an actual vehicle, change to any conditions, fix specific conditions, impossible

Validation system Sensing Weakness Condition Modification condition Fixed condition

Discrepancy from orthographic map due to road Road surface reflectance by repainting
surface repainting the road surface
Self-location estimation Decrease in white line contrast due to rainfall Road surface reflectivity due to rainfall Location information accuracy

Deterioration of white line detection by motorcade  Location of nearby traffic participants

Relative position of the light source and Weather conditions (Weather, sun

Signal image saturation due to backlight the signal position)

Weather conditions (Weather, sun

Signal recognition Adhesion to windshield due to rainfall Lcation information accuracy

position)
Signal image saturation due to building reflection Relat.Ne position of the light source and Weg?her conditions (Weather, sun
the signal position)

Pattern of different objects Types and locations of nearby traffic

participants Weather conditions (Weather, sun
' iti i osition
Object recognition Hidden by surrounding structures Rglatwe position of.the vehicle and the P )
object to be recognized
Road surface wetting due to rainfall and windshield Weather conditions (Weather, sun L .
; o Location information accuracy
adhesion position)

Source : Kanagawa Institute of technology, AD-URBAN AD-URBAN . . D IV p
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[Future Initiatives] Due to varying degrees of reflectance reduction on the actual road,
generation of reproduction model that factors in such variations proves to be a future issue

Comparlsor! betweer_l actu_al driving qlata an_d Slr_n d_ata. _ _  BEITRIAY
—A dispersion consideration model is required in lieu of a uniform wetting model o T
Dry road surface Wet road surface Dry road surface Wet road surface

There is a variation in the degree of decrease in shooting rate.
(Inuniform reflectivity loss)

Source : AD-URBAN . .
ource AD-URBAN i ) I v p
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Project overview

B Review of safety assurance basis

B JAMA/Sakura Collaboration

45 FY 2021 _ Year-end report . D I v i



JAMA has defined principle model/validation scenario of perception failure, and issued
guidelines for the Sim environment, on which DIVP® models and validates are based

JAMA Perception failure definition and Validation Items

Principles —> HCommon basic verification items (107 items)
Signal S from the recognition target signal that intgrferes with Sim environmental validation items Content of verification Acc.ept.ance
recognition criterion
Factors x Principles Phase Strength & Noise & Distance The location of the C/R (corngr 5% or Less
@ . reflector) shall be detectable in
S intensity 2 Detection | \ . uth (8) |the same manner as in the 5% or Less
difference ) accuracy actual environment.
large o
. Q
- Vehicle and sensor o ] ] o & Distance The minimum resolution when [15% or Less
® Definition of perception failure [ a two C/Rs are installed close to
5 Surrounding environment F x Princiol 7 Resolution | Azimuth (6) | €ach other is equivalent to that | 159, or Less
@ ( actors rincip es) N =3 in the actual environment.
Object of recognition l l l l
(2]
. e =S RCS of passenger cars shall be .
Principles x Validation items @ §_ 2 3 % | RCS equivalent to the actual gldBt(_)r less in all
— ' ' ' ' g>agq | Vehicle environment in all surroundings. | ¢'"¢€tONs
Sensor characteristic -z 205
o . : . . g . m o3
@ | & |Radio propagation A: Common Basic Verification
5 2 characteristics |t
o | @ : ems —
=] S, [Reflection oy ags .gn . . .. . .
S | § |characteristics of the || Basic sensor characteristics, basic target reflection | | > HlReproducibility verification items (Priority 9 principles)
3 | g |object characteristics, basic traffic flow scenarios, etc. | Defined as Validation scenarios for each principle
g Traffic flow scenario . . . . R ) )
< P i ARG AN ik miEE SEREEER-cEREREERD
Q_)- m . . . . . . T RN W 0 - T
S 88| o B: Reproducibility verification o
g |Z 8| Validation by principle . . . —
7 |& §| Define as Scenario item of perception failure R
S é—f Sensor deposits, backlight, specially shaped targets, etc.

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee
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95% of Sim Environment Validation Status completed the experiment, Verification also progresses to about
70%(Including similar verification).Discussions on verification methods and standards, and arrangement of
verification results will be continued next year.

Sim Environment Validation Status (DIVP®)

95% of the total has been tested (under verification)

Verification status

Number of verification items

Camera | RaDAR | LiDAR | Total

Mo_d.elec_j, but not similar 1 4 0 5
verification
Tested, but verification is 14 5 9 8
incomplete
Similar verified 33 0 8 41
Similar verified &
not Achieved criteria 1 10 17 28
Simil_ar verified & Achieved 0 5 0 5
criteria

Total 49 24 34| 107

100% 59 29
90% 17%
° : 26%
80% 26% 29%
20% 21%
60%
50%
40% 42%
30%
50%
20%
10% 21%
0%
Total Camera Radar LiDAR

Classification

Modeled
Tested

Similar Verified

Verified

Achieved criteria

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee
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Started scrutinizing the contents of methods and criteria considering measurement in the real
environment, regarding the reproducibility verification of recognition malfunction and scheduled to
continue next year

Cognitive dysfunction reproducibility verification method / judgment criteria content investigation

'l Concerns/questions on DIVP®
| Cannot obtain output by dispersion the reflection intensity for
each target

mmWave Radar

B Simulating Low D/U Due to Change of the Angle: (5-1)
Simulating the Disturbance Phenomenon — Buried Signals

received power

L -.'\-'\."l‘l!\!flii strnenma )

Method of Validation
+ Simulate the scenario “Low YU due to change of the angle™:
# Traveling a road with a change m gradient (concave down)
~ A metallic signage board ahead after the inflection point
# The ego vehicle is to approach the stationary vehicle
stopped nearby the signage board ahead.

Actual Environment

D (recomsition target)

r— /- Occurring Sensor malfunction=
1 t Spatial resolution is insufficient
and cannot be separated

ilimensions/reflectance
of signage 2
e

-

distance/angle

i
i |

recognition target .1."- .'I. Il| 1
LY | EA I

Change in gradient : 2 points between 3 and 10 (%) i

relative :iHog-:l

ego vehicle = . " . 1! - |
= change fn gradient ™ (3 @ ¢ « 1" 5{m) fixed 5 I_|II Ay Lo .I_llr'._ !
e T, G . TR B =il B
J@ T sl 1 I I ?ngll_al value @ 15 (m) kL o
2 IR Y. « [ mnal value @ 20 (m)
s ‘p - Iy *

instead of automotive sensors
— Issue: Continuous analysis is not possible such as moving

e Judgment Criteria

P | The phenomenon, whereby the signal from the recognition
target becomes buried in the signal from the signage board,
e o occurs in the same way in both the actual and the simulated
g | environments.

* Measure 2: Compare 3 pattern data, Vehicle only, sign only
and both
— Issue : Expansion of test/analysis workload

Actual Environment | | Simulated Enviromment ‘

PRI S g ekl
4 s

Test site
— Issue:no test site can provide a known and stable gradient

|
|
|
|
|
|
|
|
|
Type of the recognition target : a passenger vehicle : * Measure 1: Use high-resolution measuring instruments
|
|
|
|
|
|
|
|
|

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee
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For JAMA's recognition failure scenario, build some scenarios and Sim environment in
cooperation with SAKURA and DIVP®

Recognition failure scenario by SAKURA cooperation = Sim environment construction

E.2.3.2.3. Evaluation Scenario

* Traveling a road with a change in gradient (concave down)

» Ahead of the change in gradient, there is a metallic road signage board.
* The ego vehicle approaches the recognition target up ahead near the

signage board in its path.

% The situation with a gradient change
(concave down) is selected as the
representative scenario because of the
higher probability of large reflective
mntensity from a metallic overhead
structure than the road surface.

relative quq;l

ego vehicle -

Low D/U
(Change of the angle)

dimensions/reflectance
of signage N

recognition target

change in g::adient_ﬁ

For the scenario specifications of the
JAMA priority principle (mmWave Radar -
Low D/U due to azimuth change),
SAKURA defines two patterns of
scenarios, creates assets with DIVP®, and
combines them as a Sim environment.

Z

Parameters

Parameter Range

Explanation

Causal factor |Change m the road gradient

Variable

0 to 18 % equivalent

Use a road which is concave downas a
representative

Distance required to avoid

Other than
the causal

factor

Initial distance to recognition target / 5 Fixed -
= = collision
Distance to recognition target from the L
. . - s Variable |0to /
inflection point7
Lateral position of recognition target Fixed |0° Fixed on the same lane
[nitial distance to signage board 7 ; Variable |/, —5to/5+5 (m)
Lateral position of signage board Variable |-3.5 to +3.5 (m) assume the object within the neighboring lanes
. . . 4.5m (aboveroad)/1.5m . . s .
Height of signage board (to bottomedge) | Fixed (. ¢ ) According the Traffic Sign Installation Standard
c = N (roadside)
Dimensions of the signage board Fixed [2.7 X35 (m) Guidance signage on highways
Reflectance of the signage board Fixed |Measured value of the real board
Relative speed Fixed |Max. speed within ODD
Type of the recognition target Fixed |Passenger vehicle/Pedestrian Representative traffic participant/low reflectance

18% Longitudinal curve at design velocity 60km/h —

100m —
1m «—
Fixed in the same lane —

100m(vehicle-distance Ip (100m) + 0m) 105m(vehicle-distance Ip (100m) + 5m)

Om «—
4.5m -
Fixed(width:2.7, height:3.5, length:0.5) —

divp_Tgt_Guide_110A_Yokohama IC4_EXIT1km —
60km/h(ego-vehicle: 60km/h, object: Okm/h) —

divp_Veh_ToyotaAlphard —

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee
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Even though the recognition failure scenario is evaluated in the Sim environment, "No recognition
failure occurs”. In order to carry out an efficient recognition evaluation, Consider sensor FOV, etc. and
angular resolution, etc and Required the ability to design parameters that are boundary conditions.

Issues for reproducing cognitive dysfunction in Sim environment

mCognitive malfunction verification content mSim verification result
Due to the High reflection of the sign, the recognition target is buried in the Both signs and cars can be recognized (can separated)
signal and falls into an unrecognized state. — Parameter design is required to reproduce the phenomenon
]EI:'-I;"Sl"..'L"I'I |1['l'|.1.'|,!|_' 1
F Y | & '~-.'1'|'--."!:'|*-\."II-'-’iiI-.'
Sy s vehicle
L) {recOgminan targel) \
ilimensions refllectance
¥ - of signage i :
distance’'angle =" sign

height

recognition target

ego vehicle _- &
change in gradient E;l W

fo  BE——0

relative speed
¥

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee
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Awareness evaluation scenario/Sim environment is not sufficiently standardized internationally, it is
difficult to carry out activities with the same scheme as traffic disturbances, and considering the type of
Sim, conducted discussions with JAMA / JARI (SAKURA) to redefine the activity policy for FY2012

Joint TF for Safety Assurance

Background / purpose Scenario structures Sim environment Issues / discussion content

Automated driving safety principles
(WP29)

> 22
5 S5 | Performance test far
° £ 9 | AD to avaid the collision H b th.
£ & @ | withinjury or death imize
3 35 [Goal: No accident m
m v inj [Goal: Mitigation]
@
5 =2
£ o P ¥
8 2 Loarning on Resi Sup 7“ for
8 % Field Monitoring lesidual Sacial Risk'
s 5 AW |
w £
=

Preventable
Preventable Boundary

Unpreventable

Safety Evaluation F/W (JAMA)
Structured factors that affect each processing
process of autonomous driving as a scenario
system (makes it possible to specify a finite and
range).

Task Processing results Disturbance
Own position, surrounding
i traffic environment positional Perception
Perception | , ; -
information and other traffic disturbance
information
. . Traffic
Judgement | Path, speed plan instructions :
disturbance
Movement instruction Vehicle
" allocation for each ACT for
Operation sy control
achieving path and speed plan .
A i disturbance
instructions

No reasonably foreseeable preventable accidents.

Traffic disturbance scenarios
NCAP, ALKS, etc. (also carry out
parameter generation based on actual
traffic data by SAKURA ) .

Ego | dx
e

Vy

: 5

Vo

Qther

True value Sim

Simulate speed, position, distance, etc.
Verification of collision avoidance
performance.

[1] Simulate ego vehicle - target
position and velocity etc. from
“Scenario information”.

Perception failure scenarios
Evaluate the impact on safety in which
factors are added to the traffic

disturbance scenario.
- Geometry factor ="

Considered as an extension of traffic
disturbance.

[2] Simulation based on the
=+ recognition result considering
"Sensor FoV*“.

- Physical characteristics factors _
(eg spatial propagation / weather

Signal from Target(D)
-~

Rnad surface Multipath signal (U)

H-

*Vehicle motion disturbance scenario is
omitted.

N

Physics Sim

Reproduce the input / output of sensor
perception from the external
environment, reflection characteristics,
etc. Verify recognition performance.

[3] Simulate Physical characteristics
(reflection characteristics, spatial
propagation) and reproduces the input
and output of sensor perception.

Scenario

- Necessary to consider from the scenario definition
method.

- Considering the type of Sim environment, we will discuss
separately including the purpose of evaluation.

— Started discussions with JAMA about scenario
classification.

Sim environment

* [1] can be handled to some extent with DIVP®

+ Regarding [2], there are some functions that DIVP®
cannot handle (even if the shielding rate is passed as a
scenario, there is no function to reflect it as the position of
each object).

— Started discussions including scenario definition
and Sim environment function sharing on SAKURA.

Consistency verification

* The verification method / judgment criteria for perception
failure reproducibility evaluation are difficult to measure in an
actual vehicle.

— Agreed with JAMA to incorporate the opinions of
DIVP® and proceed with scrutiny.

Others (Verification purpose / judgment criteria
* Require to quantitatively define safety margin without
Collision avoidance performance(start discussion with
SAKURA).

- Activities to quantitatively define recognition
performance are required (continued with DIVP®).

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee
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Necessary to discuss the treatment of "coordinate system of sensor viewpoint" in order to proceed
with the scenario definition of recognition evaluation in scenario tool and the Sim environment.

Coordinate system classification and expected use

_-__—__--—_—_—_—_—_—_—_—_—_—q

I Sensor coordinate system

Polar coordinate system Camera coordinate system

Cartesian coordinate system

Sensor evaluation scenario definition Camera recognition performance evaluation
Radar, LiDAR recognition performance evaluation

Between cars with other cars, Collision
setting/judgment Fusion performance evaluation

E‘

/
_— _— _— _— _— _— _— _— _— _—

(72}
(/]
b
©
=
©
=
o
o
(&)
o
2
)
©
(<)
(12

B In order to perform recognition evaluation, it is
necessary to be able to do input / output in the
coordinate system of the above sensor viewpoint in
both scenario definition / Sim.

B On the other hand, the DIVP® scenario tool (SDMG)
has not yet been able to support scenario definition
based on the coordinate system.

B JAMA perception failure scenario issues example
Even if the target shielding rate in the camera output
is input as a scenario, it cannot be reflected in the
position on the target object in Sim.

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee v D I V p
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Necessary to discuss the treatment of "coordinate system of sensor viewpoint"” in order to proceed with the
scenario definition of recognition evaluation in scenario tool and the Sim environment. The measurement/
calculation error may increase in the case of a lens model equivalent to the actual machine.

Coordinate transformation

Sensor viewpoint coordinate system

Cartesian coordinate system Polar coordinate system Camera coordinate system
3 The error may increase depending
‘g on the definition method.
=
2 . . Movement of start /
3 Re'agye fartest'a" Distance and azimuth Relative g tcit”."era alngl'eé. Camera coordinate
b coordinate system calculation coordinate system IStortion calculation system
= X =~
e - - 2
‘—v /’//’\I _—’— -\
" . Cannot be converted e T LT
Addltlor) / su?tralcttllon of_apsolute directly. Cannot be converted
origin ot relative origin Required to confirm the - directly.
calculation accuracy -~----"" Required to confirm the
PSP T T calculation accuracy

Absolute

N
(]
]
©
c
©
e
o
o
($)

)
NS es ikl - Consideration of geodetic system Absolute
coordinate system Coordinate transformation coordinate system

Position coordinate conversion is relatively easy, carefully when converting the coordinates of posture (rotation) (error prone. eg,
Relative-absolute coordinate system, Euler angles - Quaternion - Direction vector + Amount of rotation, Rotation order, ad-degree)

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee . . D I V p
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Build a more efficient and highly applicable Sim environment and promote expansion of provided
value in AD safety evaluation(reflected in the FY22 study plan) by supporting the scenario definition
and Sim output including the "coordinate system of the sensor viewpoint"

Things to consider for AD safety assessment

AD Safety evaluation
- Collision avoidance performance, etc.

\4

A

Scenario system AD safety evaluation metrics
v T s |

|

Scenario definition !

- OpenSCENARIO T T EEEEEEEE
Dynamic content: vehicles, pedestrians, | | = ~ o~~~ ., T T T T -TT70

<]
Q
o
>
Q
z
5
(S
>
<
>
:
>
Py
[
>
=
c
T
>
>
o
c
s
9]
>
z

westher. ofc. | True value Sim (geometry |
- OpenDRIVE : calculation: new study) ! .
Static content: roads, signs traffic lights, etc. | For traffic scenarios and recognition scenarios : Vehicle
_______ »! (geometry factors), it can be expected to L control
I contribute to efficient AD safety evaluation by | : 5
SDM-G : supporting scenario definition and Sim output : g
: - ; including the coordinate system of the sensor | AD
L : control
- 3D data (map) Y
Physical Sim (conventional DIVP®)

Input ego vehicle - target position, velocity, and acceleration,
and physical calculation is performed using 3D data and the
reflection characteristic data.

- 3D data (vehicles/object)

:
'
= z

Spatial drawing

v
Sensor
(perception)

DIVP®-Sim-P/F

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee
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Reflected in the FY2022 activities from considering about the FY2021 issues, build a new team
for international cooperation promotion.

Scenario definition and implementation

JAMA

Safety Evaluation Framework

Traffic | Percepzon VehicleI control
FY2021 disturbance disturbance disturbance
Team Verification guidelines for sim environment validity
structure

Simulation environment construction

Automated driving system validation

Sim.
Validity
Study

Scenario I/F
Study

 DivP
External Space
; . Sensor
environment® design g
model
model model

Simulation PF

—

- 3D Data (Vehicle/Target)
 Reflection characteristic data

Sim. I/F Study

Recognition of the
surrounding environment

Path plannin
Panning |y ehicle

control

Localization Path tracking

Actual AD system vehicle

e —
- High-precision map ‘ m
data o o

ove

B Improvement of the simulator and scenario

FY2022

Activities

SAKURA Running/Measurement data

Functional | Logical _| Concrete

Scenario "| Scenario "| Scenario
<Team1> SAKURA ... DIVP

B Expantion of the scenario structure
B Definition of the geometory scenario

parameter

SAKURA | |

<Team0> m |nternational cooperation promotion

<Team3>

tools

B Definition of the perception scenario priority

| XNEW  m |nvestigation of the metrics for safety assurance

<Team2>

% o1ve [

B Investigation of the requirement for
simulation environment
B Investigation of the metrics for perception

limits
1

... DIVE ELEUET :

Source : FY2021 Year End Report of Safety Assurance Joint Promotion Steering Committee
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Project overview

B Objective Competitive Assessment of

DIVP®
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Further to defining “reflective physical characteristics-sensor model”, representing DIVP®
strength, benchmarks are set for “Connectivity“/“Database” /"international standardization”

Contents of benchmark validation < BT IRAF

Environment | Space design
model model

Automated driving model
Fusion/Control | Vehicle model

SAKURA OpenDRIVE®
2] Map data g User User
. User. % Geometric —openscenaglo® Sensor model (Ground truth) 5| control vehicle
Simulation E scenarios Difficult to validate sensing weaknesses | = model model
EnV|r0nment N ¥ (MATLAB/Simulink.et. al) ~ (CarMaker/CarSim/
| want to utilize R ASM et
|

company’s existing I'want to

OpenSCENARIO®s  OpenDRIVE®® assets and scenarios Qo develop and
- +3D model = [ Benchmark ®)] validate system
[Benchmark@) [ Benchmark ®] Connection with user and sensors

Connection with user B International standard support scenarios
scenarios (ASAM OpenX)

9 ) .
- 4 NIVP® "Environment, Space design, and Reference Reference
) [ Benchmark @) N del g control » vehicle
—~ modade

” Dlvp 0 Scenario creation [ Benchmark (D] model model
-
=

i Sensor modeling
Sensing =

weakness

R | need virtual environment
[ Benchmark 3]

data as input for sensor
Database recognition deep-learning
—\

* SDM-G : Space Design Model Generator _——
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[ Benchmark result @) : Sensor mode]
Benchmark result of Camera simulation

B BE)ITRAY

CarMaker VRX PreScan

Classification Phenomena 101 2021R2 2021.2
Source General light source (vehicle lamp, etc.) @) O O © ) ©: supported (W!th actuallv_erif!cation)
O: supported (with no verification)
Source Radiance of solar O O O © A: partially supported
Source Radiance of sky X X A © X : unsupported
Source Indirect light @) O O © X:investigating
Reflection, diffusion, transmission on the
object surface = O = @
Aging of the object surface X X O
Fouling (Target) X X A
Scattering(Participating medium) O X @)
Sensor Effect of vehicle dynamics @) A A O
Sensor Effect of temperature characteristic X O X X
Sensor Aging of the sensor X X X X
Sensor Lens distortion O O O O
Sensor Lens flare O X ©) O
Sensor Ghost X X X X ©)
Sensor Fouling (Fr Glass) VAN X A O (raindrop) K&

Items that shows the superiority of DIVP®

(@ Only DIVP® js to verify the actual machine.

@ CarMaker: only supports reflection and transmission, Prescan: only supports reflection
VRX: only supports radiance of sky.

@ Only DIVP® responds to the effects of sensor deposits
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[ Benchmark result @ : Sensor modeling)
Benchmark result of Radar simulation

B TR
Classification Phenomena CarMaker ~ VRX PreScan DIVP® ) -
10.1 2021R2 2021.2

Source Other vehicl radar (intrferenco) P S O supported (with actual verication)

Reflection, diffusion transmission on the O: supported (with no verification)
object surface A partially supported

Aging of the object surface TSNS\ ® = ot

Optics Fouling O(ramdrop) 3 »Kinvestigating

Optics

X
X

Optlcs Phase/polarlzatlon change during reflection

____

Propagation Mult| reflection/transmission

O P>
X @R
X NN

X
X

JAN JAN YAN ©)
Propagation Scattering(attenuation), interference in space O X O ©
Propagation Doppler O O O ©
Propagation Micro-Doppler O O O ©
Sensor Radio source (reproduction of modulation A o o ©

method)

Sensor Effect of vehicle dynamics @) A A O
Sensor Effect of temperature characteristic O X O X
Sensor Aging of the sensor X X X X
Sensor Fouling X X X X
Sensor Internal reflection X X X X J

Items that shows the superiority of DIVP®

(@ Only DIVP® is to verify the actual machine.

@ Only DIVP® supports reflection, scattering and transmission

@ Only DIVP® responds to the effects of extraneous matter and phase / polarization changes during reflection
@ Only DIVP® supports transmission
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[ Benchmark result @ : Sensor modeling)
Benchmark result of LIDAR simulation

= N
CarMaker  VRX PreScan DIVP® l( ’?L....m’.!l-:@,' _..,,,..I; T

10.1 2021R2 2021.2 ©: supported (with actual verification)

\ O: supported (with no verification)
A partially supported

X : unsupported

Classification Phenomena

Other vehicle light source(interferences)
Other source(halogen lamp)
Radiance of solar

X
X

X
©
©) %:investigating
@)

-

X X B4

Radiance of sky
Reflection, diffusion, transmission on the object
surface

Aging of the object surface
Fouling

> X X B3

>

©(asphalt) gy
©(raindrop)

x BEARdDIIoleloliolie] X X O X X BN

X X

AN X
Propagation Multi reflection/transmission @) @) ©
Propagation The cross sectional area of a laser beam O @) ©
Propagation Scattering in space(attenuation) O O ©
Sensor Own light source X O ©
Sensor Scanning X @) ©
Sensor Effect of vehicle dynamics O A O
Sensor Effect of temperature characteristic X X X
Sensor Aging of the sensor X X X

X

S
Sensor Fouling ©(raindrop)

X

Items that shows the superiority of DIVP®

(@ Only DIVP® is to verify the actual machine.

@ Only DIVP® supports the radiance of sunlight, radiance of sky light, reflection / scattering / transmission on the object surface, influence of deterioration,
attached matter, multiple reflection / transmission

@ Only DIVP® responds to the effects of sensor deposits

60  FY 2021 _Year-end report %& D I V p




[Benchmark results®: Summary of sensor models]
DIVP® Modeling for Consistency Validation based on experimental measurements only

B HE)IIRAY

1. Sensor Model (Evaluability of sensing weaknesses, Sim performance per sensor)

IPG ANSYS . Siemens

CarMaker VRX PreScan DIVP® Features
(10.1) (2021R2) (2021.2)

@ Consistency verification based on experimental measurements
@ Reproduce the reflection characteristics based on the sensor
Camera O O O © principle
(CarMaker: reflective, transmissive; Prescan: reflective only)
@ Responding to the effects of sensor deposits

@ Consistency verification based on experimental measurements
@ Reflect, scatter, and transmit
Radar O JAN O © @ Corresponds to the effects of deposits and changes in phase and
polarization during reflection
@ Support Transparency

@ Consistency verification based on experimental measurements
@ Corresponds to the radiance of sunlight, radiance of sky light,
LiDAR A A O © reflection, scattering, transmission on the surface of objects,
effects of degradation, and deposits
® Responding to the effects of sensor deposits

Total O A O © -
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[Benchmark results®: Summary of scenario generator]
Confirmed that the Ul is easy to use, and scenario creation is as efficient as the competition.

2. Scenario Generator (Ease of handling Ul, scenario generator function)

IPG

CarMaker
(10.1)

ANSYS
VRX
(2021R2)

Siemens
PreScan
(2021.2)

B HE)IIRAY

B screen configuration
(Easy-to-understand
settings and ease of
use)

B Ease of creating
scenarios
(Validation based on
the time required to
create a new NCAP
pedestrian jumping
scenario)

B scenario reusability
(Partitioning of
settings/parameters,
etc.: external file
storage, etc.)

A
Setting of running track and
running speed is different
window.

(@)
30 minutes to 1 hour

@)
Map
Vehicle setting
Sensor Individual Parameters

O
Collapse settings into one
window

X
1~ 2 hours
Map creation is heavy
DS and AP have different axes

(@)
Map
Sensor Individual Parameters

O
Collapse Settings into One
window

(@)
30 minutes to 1 hour

(@)
Map
Sensor Individual Parameters

©)

Collapse settings into one
window

©)

30 minutes to 1 hour

©)

Map

Running track
Vehicle setting

Total

O
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[Benchmark results@®: Summary of database]
Underperformed by competitors in terms of asset count

3. Database (Enrichment of driving environment database and assets)

IPG ANSYS Siemens
CarMaker VRX PreScan
(10.1) (2021R2) (2021.2)
1 ® Map 31 12 0 12
2 B Road sign Eight countries Six countries Four countries One country
(Signal) 16 1 36 1
3 B Stationary target 583(*1) 76 117 13
(Buildings, etc.)
4 B Moving target 536(*2) 63 83 17
(Cars, pedestrians, etc.)
5 B Weather 3 1 2 3
(Clear, cloudy, rainy) (Clear) (Clear, rain.) (Clear, cloudy, rainy)
Total © O O A

*1: Buildings (Large, Medium, Small), different colors, poles/bus stops/garbage bags/cardboard boxes and other small items
*2: Multiple vehicle manufacturers (including different colors): approximately 400, pedestrians (Adults, Children, Clothes)
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[Benchmark results@: Connectivity summary] Confirmed superiority of connecting to
general scenario/sensing weakness scenario DB, also looking to promote differentiation.

4. Connection (Connection with general scenarios (Geometry, traffic flow, etc.), 1(BZRNIPAT
and connection with reflectance property definition data/sensor models)

IPG ANASYS Siemens
CarMaker VRX Prescan
(10.1) (2021R2) (2021.2) FY22
B Connecting to General Scenarios O — A X A @)
(Geometry, traffic flow, etc.)
B Connection to physical property data file X A X O O O
B Connection to the sensing weakness X X X — A
scenario DB Start of DB
construction
Total A AN A X AN O
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[Benchmark Results®: Summary of International Standardization] Gradually promoting OpenX
compliance, including competition. DIVP® to accelerate response by working withSAKURA

B EETRAY

5. Standardization of association (response to international standards, etc.)

DIVP®

IPG ANASYS Siemens
CarMaker VRX Prescan
(10.1) (2021R2) (2021.2) FY20 FY21
B Open SCENARIO O — O X A O
(Logical Scenario)
m Open DRIVE O O O O O O
(Road Networks)
B Open CRG O @) X X X O
(Road Slope)
B 3D models OBJ DAE FBX OBJ DAE DAE IVE OSG FBX FBX FBX
KNZ 3DS DXF OSGB OSGT
Total O O A X A O
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[Benchmark results®: Summary of commercialization] Enhanced connection with user
models by supporting MATLAB/Simulink, FMI/FMU, etc. The true value to be strengthened

B CEITRAY

6. Commercialization (responding to various user use cases)

IPG ANASYS Siemens
CarMaker VRX Prescan
B true value output O — A X A O
(Geometry)
m FMI/FMU @) O @) X @) @)
(User Model Connection)
m MATLAB/Simulink @) @) @) X O O
(User Development From 2018a From 2015b
Environment) 2020b 2019b
m HILS O A @) A A A
Total © O O X AN O
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While superior in terms of precision sensor models, database, connectivity, international
standardization, DIVP® commercialization was inferior to long-established European tools.

Summary of Benchmark Results

IPG ANSYS —e— Siemens —e=— DIVP-FY21 = #= DIVP-FY2_

1. sensor
model

6. 2
commerci Scenario
alization Generator
5.
internation 3
al .
standardiz Database
ation

4.
Connectivi

ty

1. sensor model

2. Scenario Gen

3. Database

4. Connectivity

5. international
standardization

6.
commercialization

Current status

Consistency with the actual
environment has been verified
based on experimental
measurements.

Ease of handling Ul and efficiency

of scenario creation are the same as

the competition

Assume that the number of assets
and the general scenario database
are inferior to the competition

Connectivity issues with general
scenarios (Geometry, traffic flow,
etc.) have been addressed in
compliance with the standard IF

The progress of Japan and
Germany VIVID, and the results of
DIVP® are being reflected in ASAM
OpenX (scenario)/OSI (sensor).

Lack of user experience due to
lateness

B EETRAY

Next step

Aiming to systematize safety
assurance based on sensor
validation performance

Improve usability based on
customer needs

True value Sim. enhanced utilization
of user scenario DB, enhanced :
asset continuation in connection

Establish connectivity with the
Sensing Weakness Scenario DB
and promote further differentiation

DIVP® will accelerate its response
through collaboration with the
SAKURA project.

Enhancements to the true value Sim. :
that the user currently needs (and :
enhancements to toolchain

connectivity enhancements)
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Project overview

W Future plans
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The modeling elements necessary for general road Validation using virtual space are
arranged and development isin progress

Extension to general road validation scenarios ASEILYVarBRaH

MITSUBISHI PRECISION CO.,LTD.

Scenario Environmental model

Asset

Sensor Validation Odaiba Scenario Package Pedestrian's belongings Motorcycles and Special vehicles

3D geometry

Intersection
Reflection

characteristic

Motorcycle sneak

Light source
characteristic

Behavioral model Traffic lights and signs

4, Y

e ot m
g
Ly <
m— mJ -
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24/32 of FY 2021 end assessment packages and 13/25 of Odaiba community packages were
modeled. Update needed based on user needs and international cooperation

Scenario Package Construction

FY2021 FY2022

April - June July - September October - December January - March April - June July - October -
September December

OEM/Sensor Maker Monitor Assessment November: Coastal area demonstration experiment (Step 1/Step 2)
November: SIP-adus work shop

Milestones )v April: Start of business

Euro NCAP Euro NCAP Euro NCAP Euro NCAP

* Pedestrian (When going straight, there - Pedestrian (There was a = Pedestrian (There is a = Against a bicycle (There |

is a pedestrian crossing, a car shadow, pedestrian crossing when | pedestrian crossing when | is a person who is |
|
|

day/night) going backward) turning left and right) proceeding in the same
CPEA/CPNA /CPNC /CPLA CPRA CPTA direction when going

|

|

A t :

ssessmen . . . = Car (there is another car || - Car (Oncoming car straight . [

ackaqe = Against a car (when going straight, when éwitching lanes) e t(urning Iefstllright) CBL?A ) I Continue to study the o

P g there are other cars) LSS - Road Edge test/Solid | CCFtap development of further scenario

Safety verification CCR test/Oncoming vehicle - Bicycle (When going - Bikes (Straight, turning j packages after FY 2023 [

s}:;enario Others straight, there is a right and left, switching I |

(NCAP/ALKS, etc.) ALKS pedestrian crossing, and lanes) I :
|

|

- Cut-In the car shadow is seen.) CMR/CMF/LSS — Oncoming
= Cut-Out CBNA/CBFA vehicle and others % ________

Camera Camera Camera Camera Camera

White Line Misrecognition by Street Tree - Adtrak's mistaken identity || - Pedestrian overlooked by | * Misunderstanding due to * Snow (details TBD)
Shadow/Reproduction of Light Distribution of - Unawareness of low floor | raindrops and wipers Wal\tllertho'sé'lng
q ang q q i 0 A = iMotion blur
Signal/Non-recognition of Blurred White Line vehicles , specular reflection . Signal (flicker) .
Odaiba ) * Tunnel (for general light LiDAR LiDAR
. LiDAR ) ™ Misunderstanding due to - Misunderstanding due to suspected
communlty Recognition rate of black leather pedestrians/road Millimeter-wave rainfall probability snow hoisting
package surface with thermal barrier coating/mistaken Millimeter-wave * Improvement of - puddle ghost » Undetected frozen surface
recognition of sunlight and highly reflective objects * Tunnel Multipath microDoppler recognition » mistaken recognition due to
: i 3 tructure performance water winding Millimeter-wave
Reflect sensing Millimeter-wave uppers o TR .
weakness scenario Signal strength due to road surface w - - Undetected due to ice on emblem
 Decrease in recognition rate

fading/Misrecognition of road surface due to heavy rain
clutter/Separation of objects with the same distance

% OlViP
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Scenario packages for reflection characteristics, light sources, and white lines are
complete.Expanding to include rain, multi-path ghost testing, snowfall, and motion blur

Developed and planned environmental conditions ASEILYYavmAaH

MITSUBISHI PRECISION CO.,LTD.

Developed Experiment, modeling

Rainfall

Backlight A white line in the shade of a tree _ _ o .
(Raindrops, Spatial Damping/Scattering, Doubt)

Snowfall (+ snow)

Change in reflective properties Night headlight
(Thermal barrier coating, black leather)

Source : Kanagawa Institute of Technology
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Model and verification of cars, pedestrians and traffic signs as basic models are complete.
Expanding to special behaviors and shapes, ie. motorcycles, special vehicles and animals

Developed and planned assets ASEILYVarmNGH

MITSUBISHI PRECISION CO.,LTD.

Developed Experiment, modeling

Passenger vehicles (11 models) Traffic signal Pedestrians and their belongings Motorcycles and special vehicles

Source : MITSUBISHI PRECISION CO.,LTD.
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Completed modeling of camera, LiDAR, and millimeter-wave reflectivity for basic materials.
Modeling changes in reflectance characteristics associated with environmental conditions

Developed/Planned Materials ASEILYVarBRGH

MITSUBISHI PRECISION CO.,LTD.

Developed Modeling In Progress

Wet road surface

Vehicle paint, glass Road surface material (Asphalt, concrete, etc.)

NCAP dummies Road signs and eye markers

\

Source: SOKEN, INC. Kanagawa Institute of Technology
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Issue identified in the calculation speed of the camera due to detailed physics simulation.
Each sensor output bears time stamp corresponding to simulation time

Efforts to Improve Calculation Speed

Current status Timestamp Synchronization (working image)
Sim Period
imestam 0.0 0.1 02 03 04 05 06
fi :0.01
equency: 0.01 soc I SyRYEN R AT RN R A A
LIDAR - Method : 128 pivoting lanes -
. . ) - Millimeter-wave | VvV | Vv \ 4
* Number of measuring points : 2.3 million x1 frequency: 0.2 sec - -
- - S 0.2 0.4 0.6
Y points/second (real-time) : -
- Frame rate: 10 Hz
Camera \ 4 \ 4 \ 4 \ 4 Vv vV
Millimeter - frequency: 0.1 sec 0.1 0.2 0.3 0.4 0.5 0.6
wave
- Detection range : Horizontal = 30 deg. 2 Fusion
- Frame rate: 20 Hz Camera + Millimeter \ 4 Y \ 4
-wave
Camera : .
Vehicl
. Resolution  :2896x1786 rou e rncton I AN RURRARN LORRARNR LORRRRARR ARRRRARRL ARNRRRRRE RRARNA
; * bit depth :24bit RGGB x30~
E - Frame rate: 10 Hz
The position and posture of the vehicle are carefully calculated to

improve the geometric accuracy of the sensor output.

Each output is time synchronized with a timestamp, allowing ClosedLoop vertification, including Fusion and later.
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Model improvement and parallel distributed processing are planned to improve calculation
speed. By the end of FY22, company aims to double speed of Millimeter-wave Cameras.

Efforts to Improve Calculation Speed (Millimeter-wave cameras)
Model improvement Parallel distributed processing
B Parallel distributed processing

on a sensor basis
B Ray Density for FOV B Request Meshing for Accuracy
-
m i

B Parallel distributed processing
on a per-process basis

Sparse = Fast

Dense = Slow

B Target Leveraging Composite Models
by Characteristics

Reflector model

Scatterer model
T . By
Terd e My

Tiar3 s Py

T Gy e
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Project overview

B Provision of business based on research
results
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We are planning to launch a trial version in early FY 22 and a production version in the
second quarter of FY 22.

[Under consideration] Provision schedule of DIVP® Nihon Unisys, Ltd
Delivery schedule Proposed product package
FY21 FY22

: E B Scenario Tools (SDM Generator)
: s Launch of DIVP® business Simulator body
: H B For cameras, LiDAR, and millimeter -

i B Basic set
pianningd Proparationd waves

» Space design model

v January April October
; : -
1
1
1

% Coastal area demonstration experiment

o , > Reference sensor model

7 (portal site) _ :

> : H

i i % Waterfront demonstration experiment (practical version)

(7] T >

2 : o ] B Sensor Opt B Product sensor model

a ! i ¥Beginning of Fiscal 22

E ! i DIVP® Trial Start

=3 : P - > :

= i Product Trial Period m  Additional Targets

o | 5 (Additional vehicles, obstacles, etc.)

i ] "

5: ! %FY 22 2Q and beyond gjj; ::i%t - m  Additional Maps

S : DIVP? Product Launch P*g (Examples: C1, Odaiba, Ariake)
1 H

v
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Use the DIVP® Toolchain for streamlining the AD/ADAS System Evaluation Process of
Reproducing Sensor Weaknesses, Creating Scenarios, Analyzing Results and Evaluating

|

®
o N T
|

DIVP® Total Toolchain (Plan) I canderd model R P>
Use FOT data B Automate results

Set various types of weather conditions and| |Highly faithful simulation mimicking physical behaviors processing

traffic conditions Optimize PDCA cycle

Sensor Models o
Scenarios Environment Models : - Control FITOICEES
Perception Recognition Model Results
:

P WAL
Srape pata | Prpery ks Simulation
User scenarios S R e RO, i) roperties, etc.)
FOT Dat Scenarios prop Sl results
ala
Vehicle

motion
models

EBRZLyV/arikta
MITSUBISHI PRECISION CO. LTD Parameter

search
tools

Scenario Creation Tool g
selile Cloud version

DIVP®-SIM-PF

Nihon Unisys, Ltd

A

B Evaluate AD/ADAS control robustness, optimize Al (recognition learning) development and evaluation cycles, use FOT Scenarios
B Accelerate the process of creating scenarios and analyzing results for evaluation, automate the process

o3
535
m @
==
® @
a3
®
=,
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SDM-Generator, product to create scenarios and environment models for space design, can be used for
predicting external evaluations conducted in compliance with NCAP and other vehicle development &
design certification programs.

Product Details (plan) : SDM-Generator A=mALVayBRaH
MITSUBISHI PRECISION CO,,LTD.

z .

g B SDM-Generator B Implementation Effects

o Prediction of external evaluations by certifiers based upon NCAP,

---------------------------------------------------------------------- etc. :

,':"l SDM-G that efficiently uses scenarios of NCAP, etc. can reduce
g a W Create scenarios/environment models for simulation workloads by approx. 23%
Q g’- B Convert scenario data owned by customers ]
s 3 B Implementation Example
B o See below the implementation example chart
3
3 B Support ASAM standardization Customers. ~ SDMG 3D model 7
< +  Support ASAM OpenDRIVE, road driving.enviro.nment — o

- Support ASAM OpenSCENARIO, scenario environment data OpenDRIVE

B Support FBX, general asset data format Customer 3D opens(;E,quo>
model

B Support importing measurement data

Parameter Simulation
search tool resu

C
@
®
m
X
)
3
=
®
7]
3
=
)
3
@
3
-
)
=3
o
3
%
®
o
-
@
N

) ® Enable format conversions and deal with customers’ asset and
6? § scenario data in formats supported by DIVP® Simulation B NCAP Scenario Example
S @ (*) Data types supported for importing and processing are
ﬁ = limited. This limitation is subject to future improvement.
m ______________________________________________________________________
o 0
L © HW dSPACE
c
8 @ B MathWorks
g m ARC, etc.
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DIVP® PF (Cloud version), product that enables and evaluates space designs based upon scenarios
defined by SDM-G Nihon Unisys, Ltd

B |Implementation Effects

+ Enable tests equivalent to tests based upon actual sensors mounted on
vehicles, attributable to highly faithful space design
= Reduce tests that are based upon actual sensors mounted on vehicles,
reduce an entire workload by early detecting problems
= Strengthen robustness by confirming patterns that are dangerous and
hardly reproduced

* Reduce test durations by concurrently executing massive simulations
= Reduce robustness test durations, detect early problems identified in
massive tests

» Enable sharing issues easily as a result of intra-company and inter-company
data sharing

Product Details (draft): DIVP® PF (cloud version)

aweN

m DIVP® PF

Enable space designs based upon user-defined scenarios through
the use of SDM-G and implement evaluations

suonoung
]

B |Implementation Example

@ massive test implementation phase for developing sensors (perception,
recognition)

@ massive test implementation phase for control models and vehicle models

| Input
+ Login (authenticate, authorize)
+ Scenarios (obtain, register, update)

Arewwng jonpoud

110 « 3D models (obtain, register, update)
+ Sensor models (obtain, register, update)
u Output
» OQutput results of each sensor of specified scenario

I. SOMGenerator 'll Simulation Platform '

Test Implementation Structure t t t t

c
@

o

m
X

Q

3

S
®

7]
—
3

S
)

3

]

S

-
)

=3
o

S

%
@

0

—*
&

(D u nghly falthfu' Space d_eSIQn . . . . I D @ @ E ine/Evaluat (*) Upload to the Cloud own models of
o s u Support concurrent simulation executions of gigantic amount of data (Image Diagram) xamine/Evaluate . ion, recogrition, control and veice.
(1) ] Enable cloud tool merits
s
8_ g » Optimize costs of creating and operating (using, maintaining)
c 5 erIVI-rOn ments . . gg}?fﬁmary Examination Sg:?ﬁ;::r;?oegn sive .
Q » Easily share data intra-company and inter-company of Vehicle Performances Actual Vehicle Evaluation
:gl 9 ______________________________________________________________________ g;{:tceig‘cation Designs /@ D”VE”E% ]
Q 1.
H 3 r I A Ji
% 8 . CarMaker Module Functions Design I Qﬂdula Verification /
(=
n = m ANSYS, etc. Development Phase Use — =
prs (Image Diagram) Prototype
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DIVP® PF (Simulink version), product that enables and evaluates space designs based upon scenarios
defined by SDM-G

Nihon Unisys, Ltd

Product Details (draft) : DIVP® PF (Simulink version)

B Implementation Effects
+ Enable tests equivalent to those that are based upon actual sensors

Z mounted on vehicles, attributable to highly faithful space design

o = Reduce tests that are based upon actual sensors mounted on

?D m DIVP® PF vehicles, reduce an entire workload by early detecting problems

= Strengthen robustness by confirming patterns that are dangerous and
______________________________________________________________________ hardly reproduced

M + Enable efficient use of the existing assets by using own development
o ‘::; ) ® ) environments
3 F B Read in DIVP® scenarios =>In|tensify tge efficiency by also using cloud version if many tests are

= ) . ) implemente
3 = B Execute space designs for scenarios and evaluation % B |mplementation Example
Q 7] @ Examine and evaluate in a case of developing sensor (for perception,
7)) m recognition) MBDs
[ § (@ Examine and evaluate in a case of developing control model/vehicle
3 3 model MBDs
= B Input ©
= . . . o * ;
< « Scenario (via SDMG, Automated Driving Toolbox) ® ( )OWH(EA?/_I?L?&?SGP’[ Izlp\{(lgonment

. T . . = imulin
/10 + Light distribution properties, Reflectance properties 3
: I
» Space design results of specified scenarios 2 . SEMEEnErEor
=
______________________________________________________________________ = Test Implementation Structure t t

(D u Hithv faithfu' Space deSIQn 6. p H H (*) Upload to the Cloud own models of

= W High adaptability to a development environment of each company S (Image Diagram) @ @ Examine/Evaluate [ re e e e onvoranc veick.
3 (1) through the use of Simulink o
o = (Usable only by adding into the MBD environment of own company) (*) =h " :
Q- (Q H H H H H H H ® Comprehensive
c = The premise is that a Simulink environment is obtained and an o By Examination Verification ;
Q environment with MBD engineers is obtained. 71 of Vehicle Perfomances Actual Venicle Evaluaton
T e [ gygsgﬂ:at_m_n Desigrs Integration Verification
() (@)
] o
E -g . CarMaker Module Functions De? n Module Verification
® ®
) =  m CarSim, etc. Development Phase Use \""/.l |

2 (Image Diagram) Féenpe
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Parameter Search Tool can automatically search the environmental parameters that occur
sensor weaknesses and can utilize ODD caused by sensor system.

Product Details (draft) : Parameter search tool

Arewwng jonpoud

U
N
o
<%
c
o
-+
o
o
o
-
S
o
)

Z
S M Parameter search tool
®
o B Search for environmental parameters that cause sensor
= weaknesses using evaluation equation and optimized algorithms
-
= B Automatically performs from scenario creation to simulation
7 according to evaluation conditions

B Input (User sets)

» Search parameters  Evaluation function

110 *Condition setting is easy with the sensor weakness estimation engine

B Output

- Sensor weakness parameter search results

e
® B Automatic parameter search in DIVP® simulation environment
,3 *Expansion of algorithm types will be improved in the future
=
o T
g B modeFRONTIER
S  ®m HEEDS
=5
—
o B Matlab/Simulink etc.
(1)

i&

(FEAHR)

e.g) In case of Scenes of sensor system

examination and evaluation
B Before : Manual search by user

8
®

Randomly search for conditions caused by sensor

weaknesses (Recognition failure)

*Time, sunshine, weather (rain, fog), road surface conditions, objects, more ...

Parameter search time can be
— reduced by 60 to 90% e 0-
[

BMAfter : Automatically searches

S @ Sensor weakness Conditions
ensor estimation engine and range
weakness DB

Predict

Set up
Conditions
ittt nltt o can be set
manually
Parameter
SDMG
Search tool
Automatically search _ l ~ Results
w0 'i&’
o8 TN L.
e DIVP R
o =ea ;}2’3’5.,‘.
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DIVP® Data Analysis Tool is a simulation analysis tool that can read simulation result files
and analyze various time series data linked with sensor images.

Product Details (draft) :

Arewwng jonpoud

U
N
o
<%
c
o
-+
o
o
o
-
S
o
)

aweN

suonoung

/10

sioyjadwony Yjbuasg

Data analysis tool

W Data analysis tool

B Load DIVP® simulation results (rosbag)
B Linked display of simulation time series data and image data

B Calculations, filters, feature extraction of time series data, etc.

B Input (User sets)
- DIVP® simulation result file (* .rosbag)

B Output
* Analysis results

B DIVP® simulation analysis results file contains bulk loading and
processing of vehicle, environment, sensors and other data.

B Only the data and images required for analysis can be selected
and load. (Reduction of analysis data capacity)

B Excel, DIAdem, UNIPLOT etc.
B Matlab, Python etc.

& Ff

(FEAHR)

e.g) In case of Scenes of sensor system

examination and evaluation ® 9

M Before : User prepared confirmation tool for each m
data and read and analyzed the data.

-
..- *.rosbag
L

Simulation result

Time series data > ‘mﬂ",

User preparation & production

- Refer to using RosOS

= Graph with Python / Matlab

* Manually adjust the time series
for each sensor

. 20 to 30% reduction in overall analysis man-hours
Bulk loading (Reading is reduced by 80 to 90%)

@ O-
BAfter : Load one-shot analysis data and display R
linked to analysis data to fit DIVP® (* .rosbag)

Data analysis tool

e Operations, filters, -
e s s ] quantification, etc.

= -~ Recognition data

e

Save analysis conditions such as operations, filters, feature extraction and
quantification, and share conditions among users.
Repeated analysis is possible under the same conditions

Channel list : time series data

83

FY 2021 _ Year-end report

®’ DIvP



Outcome
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DIVP® Design

Vehicle
i opleration behaviour
.........................................----------------------------------------------- -----

3 Meastir it Validation . - egsurement apd Validatiop .
. m Wﬁeasurement and validation methods t%’aatgsuppo cons:sfency SOKEN
.

Environmental model Sensor model
Environment Test Data Generation Space design Perception

External world

3
o
S
—

Virtual modeling based on
physical phenomena

UOJIAUD

Performance verification
B ntrinsic performance
Autonomous B Performance limit

driving model v' Sensing weakness
v Traffic disturbance

Recognition

uy

:. : ¢ NI EE NN NSNS NN SN NSNS NSNS ENEEEEEEEEEEEEEEN, .“--------------------------------------------.0 v Human error

u n N - . Y 5 - :

: : Pl AsEzzzazmnas L SamiSemisondusier :

: : ENEN. o ICERITRAY

4 E g 3 S erten - isible lig| . R HITACHI | Fusion .

i = - Path/Raytrace = perception | Inspire the Next } =

3 1 N ¥ : 3 _

- N < E : nl "' "Scenario package" 2 3 Radar M Sensor.model highl e i X:::rliiur

] 3l o [ for fensor valldarion =t with actual phenomena . =

: . - u ; . :!“ lest Data o : |~ | :

: ! BB ceon o0 - DENSO E _

] TTDC N S E e L e ’ ¥ ' ;

. > 3 - ' Nihon Unisys, Ltd 2= .- = p R riTsumekan  |a

4 7 . ~ E TETET ¢ SOLIZE y n “'"l““ onNneer ’R b

3 F T : : : : ub :

il =T* % e I "j["‘::l'f"";“:51’33""‘. Lenn ; llﬂ am ll‘ EgEEEEEEEEEEEES
.IIIIIIIIIIIIIIIIIIIIIIII Ihlm‘:ﬂ I:’:I',IlIIIIIIIIIIIIIIIIIIIIII !m..... ITII@;@#IQLTIIF-:-:-IVIIIL%I&Q ..ﬂ).h..ﬂ.J..mTiaﬁtdm[br.J...............’.
\YA Platform with standard I/F and connectivity to diverse assessment environments
i I #RIIIRAZ Nihon Unisys, Ltd :
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Outcome

B "Scenario package" for sensor validation

B Scenario package
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In FY 2020, in addition to improving simulation accuracy based on consistency verification,
Virtual-PG (Proving ground) will be developed to reproduce simulations of NCAP protocols.

Virtual-PG Expansion Policy

Spread Use Case Roadmap

Assessment package

B Spreading awareness of platform effectiveness through "safety"

assurance that are shared by all industry players Safety verification for accident reduction
B The test protocol was reproduced based on accident data.

Safety assurance simulation is possible.
» Generation based on accident analysis (Especially casualties, general

» roads)
2 » Generation based on highway (automatic driving) driving state data
Q
E
' % Prioritize from investigation of Eur-NCAP protocols generated based
' o on accident data
\
Q
\ 1
performance \ § Odaiba Community Package
S
_g Verification of safety performance and robustness
g B Reproduces the Sensing weakness input conditions.
S Enables robust simulation in Real World.
Qa » Unfavorable environment due to each sensor detection principle and
electromagnetic wave band used
Fundamental safety Basic safety performance that will
performance that all automobiles serve as a benchmark for
should have in order to reduce consumer confidence in
serious and fatal accidents autonomous drivin
g Prioritize by DIVP® Consortium suppliers and OEM communications
DIVP® scope
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Reproduced AD/ADAS safety verification protocols such as NCAP as an assessment
package.The Odaiba Community Package defines validation scenarios based on actual map.

® - L]
DIVP®- Scenario Package W April: DIVP® Business launched

FY2021 FY2022

April - June July - September October - December January - March April - June July - October -
September December
Euro NLArF g - ™

Euro NCAP
w avl

Assessment
Package
Safety verification

scenario
(NCAP/ALKS, etc.)

Sensing weakness scenario
Odaiba
Community
Package

Robustness
assessment scenario

A faded white line  Thermal barrier coated road surface Backlight

Source: MITSUBISHI PRECISION CO., LTD., Kanagawa Institute of Technology
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24/32 of FY 2021 end assessment packages and 13/25 of Odaiba community packages were
modeled. Update needed based on user needs and international cooperation

Scenario Package Construction

FY2021 FY2022

April - June July - September October - December January - March April - June July - October -
September December

OEM/Sensor Maker Monitor Assessment November: Coastal area demonstration experiment (Step 1/Step 2)
November: SIP-adus work shop

Milestones )v April: Start of business

Euro NCAP Euro NCAP Euro NCAP Euro NCAP

* Pedestrian (When going straight, there - Pedestrian (There was a = Pedestrian (There is a = Against a bicycle (There |

is a pedestrian crossing, a car shadow, pedestrian crossing when | pedestrian crossing when | is a person who is |
|
|

day/night) going backward) turning left and right) proceeding in the same
CPEA/CPNA /CPNC /CPLA CPRA CPTA direction when going

|

|

A t :

ssessmen . . . = Car (there is another car || - Car (Oncoming car straight . [

ackaqe = Against a car (when going straight, when éwitching lanes) e t(urning Iefstllright) CBL?A ) I Continue to study the o

P g there are other cars) LSS - Road Edge test/Solid | CCFtap development of further scenario

Safety verification CCR test/Oncoming vehicle - Bicycle (When going - Bikes (Straight, turning j packages after FY 2023 [

s}:;enario Others straight, there is a right and left, switching I |

(NCAP/ALKS, etc.) ALKS pedestrian crossing, and lanes) I :
|

|

- Cut-In the car shadow is seen.) CMR/CMF/LSS — Oncoming
= Cut-Out CBNA/CBFA vehicle and others % ________

Camera Camera Camera Camera Camera

White Line Misrecognition by Street Tree - Adtrak's mistaken identity || - Pedestrian overlooked by | * Misunderstanding due to * Snow (details TBD)
Shadow/Reproduction of Light Distribution of - Unawareness of low floor | raindrops and wipers Wal\tllertho'sé'lng
q ang q q i 0 A = iMotion blur
Signal/Non-recognition of Blurred White Line vehicles , specular reflection . Signal (flicker) .
Odaiba ) * Tunnel (for general light LiDAR LiDAR
. LiDAR ) ™ Misunderstanding due to - Misunderstanding due to suspected
communlty Recognition rate of black leather pedestrians/road Millimeter-wave rainfall probability snow hoisting
package surface with thermal barrier coating/mistaken Millimeter-wave * Improvement of - puddle ghost » Undetected frozen surface
recognition of sunlight and highly reflective objects * Tunnel Multipath microDoppler recognition » mistaken recognition due to
: i 3 tructure performance water winding Millimeter-wave
Reflect sensing Millimeter-wave uppers o TR .
weakness scenario Signal strength due to road surface w - - Undetected due to ice on emblem
 Decrease in recognition rate

fading/Misrecognition of road surface due to heavy rain
clutter/Separation of objects with the same distance

% DIV
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Scenario packages for reflection characteristics, light sources, and white lines are complete.
Expanding packages to include rain, multi-path ghost testing, snowfall, and motion blur

Developed and planned environmental conditions

Developed Experiment, modeling

Backlight A white line in the shade of a tree : s Spai . Snowfall (+ snow)

Change in reflective properties
(Thermal barrier coating, black leather)

Source : Kanagawa Institute of Technology
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Modeling and verification of cars, pedestrians, and traffic signs completed.Expanding to
models with specific behaviors and shapes, i.e. motorcycles, special vehicles, and animals

Developed and planned assets

Developed Experiment, modeling

Passenger vehicles (11 models) Traffic signal Pedestrians and their belongings Motorcycles and special vehicles

Source : MITSUBISHI PRECISION CO.,LTD.
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Completed modeling of sensor reflectivity for basic materials used in vehicles and maps.
Modeling changes in reflectance characteristics associated with environmental conditions

Developed/Planned Materials

Developed Modeling In Progress

Wet road surface

Vehicle paint, glass Road surface material (Asphalt, concrete, etc.)

NCAP dummies Road signs and eye markers

\

Source : SOKEN, INC, Kanagawa Institute of Technology.
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Odaiba Virtual Community Ground to be constructed to evaluate sensor malfunctions in a
real traffic environment.

Development Virtual PG/CG S=EILYVavmRal

MITSUBISHI PRECISION CO., LTD.

Community Ground

(Odaiba, Metropolitan Expressway C1)

Proving Ground

System malfunction Environment

Daiba District Ariake North District

Large—scale Rainfall Simulator of the NIED Metropolitan Expressway Ci

j B

NCAP

Versatile Urban Area of the JARI

real traffic environment

Source : MITSUBISHI PRECISION CO.,LTD. . . D IV p
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In FY 2021, the Ariake district was established as a Virtual Community Ground to be utilized
for further demonstration experiments.

Virtual Community Ground developed in FY 2021 Aﬁf,;zzgggﬁgﬁgg

Community Ground
(Odaiba Metropolitan Expressway C1)

Ariake North District

Peestrian traffic

Traffic signal for automobiles .
signal

Push button

Ariake South District

W

— Y \ P

7L \\ 1
7 ;m W

A-f-j/ i \ WA —

‘,\

...._ Y g]"

,,/_-.’ - ‘-...--—-
— — S Bus stop Pedestrian bridge

-

Source : MITSUBISHI PRECISION CO.,LTD
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Building high-precision map assets from actual measurements

Measure with map accuracy required for simulation

DIVP® request

Reflection intensity

information ° °
Color information o o
Resolution 1 cm horizontal > Horizontal 6cm
Resolution 2400x2000x3@24bits 2400x2000x3@24bits
Installed number 3-cameras 3-cameras
Onboard information Include > None
Data measured by DIVP® Existing SIP instrumentation data

S =m ALY YarmRSH

MITSUBISHI PRECISION CO., LTD.

Measurement data

Vector data

In the general traffic environment, it is difficult to create maps because there are many defects in point cloud data, such as parking vehicles, and poor measurement.
By creating vector data from measurement data, the creation efficiency was improved by partially complementing missing point cloud data and poor measurement.

Source : MITSUBISHI PRECISION CO.,LTD
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Developing Ordinary Vehicle Assets to Reproduce Actual Traffic Environments

==ZLY YayHait
Developed Assets "‘Mg.ﬁﬂaﬁiéﬂ’éaﬁm

Created: 13 units FY 22 Completed: 56 units

Source : MITSUBISHI PRECISION CO.,LTD.
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Provision of large vehicles, motorcycles, and pedestrian assets to contribute to the
reproduction of sensor malfunctions and sensing weakness

Developed Assets S =Em LY VasBRaH

MITSUBISHI PRECISION CO., LTD.

Large vehicle Two-wheeled vehicle, pedestrian

Created: 4 units, When FY 22 is completed: 11 units Created: 4 units, When FY 22 is completed: 33 units

-stop [turn left]

J -Walking while looking at a

. . . . " . smartphone
Utilized to improve millimeter-wave micro-Doppler Used for false recognition by specular materials P
recognition performance

Supports a variety of motions
-walking

-running

-stop [turn right]

Source : MITSUBISHI PRECISION CO.,LTD.
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Validating sensor recognition for false detection and non-detection using roadside objects
and obstacle assets, as well as the construction of actual traffic environments

Developed Assets S =Em LY VasBRaH

MITSUBISHI PRECISION CO., LTD.

Roadside objects and obstacles

Created: 6 units, When FY 22 is completed: 31 units

Use of false recognition in low-reflection targets ;

Use of false recognition of road clutter

Source : MITSUBISHI PRECISION CO.,LTD. . . D Iv p
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Future plans for asset expansion

An example of an asset being prepared [* Image under development] AEE},;Z?;E;’,&&%E

Vehicle Motorcycle Motorized bicycle Bike Pedestrian

Special vehicle

Large/Standard
Motorcycles

Type 1/ Type 2

q . Pedestrian
motorized bicycle

- . q Large/small special
Large/Medium-sized vehicles motor vehicles

Tank truck Road roller

Adult bicycle
Bike with children

Road bike

Large motorcycle Scooter

Bulldozer Military vehicle

Agricultural tractor

Track

6t track Patrol car Children

ag

Specific motorcycles
(tricycles)

Semi-trailer Truck mounted crane Garbage truck Big Scooter Older people Raincoat

¥

Black school bag

Car carrier Low-floor trailer

Electric kick board

Microbus Adtrack Excavator loaderr Mixer car Stroller

il

i

il
0 Wl

construction equipment Road obstacle Other

Signboard Road safety supplies Parked vehicle Falling object Flying object

Traffic guidance

\

il s

hildren’s bike
Large animal

E (>
Boar

Large dog

Construction sign Safety cone Security light Small vehicle Cardboard Lying down

Tiger fence Cushion drum Beacon Board Animal carcass Soccer ball

Vehicle entrance and

Large vehicle Raccoon dog

Guidance robot
Guided display
Arrow plate
Triangular display
plate

Barricade Track

.
L.l

-

Stepladder Small dog

&

Road pole Accident Utility pole Flare light Plastic bag

vehicle/broken down
vehicle

Cat's Eye Fallen tree Aluminum bag

Curve Mirror Tire

i

Source : MITSUBISHI PRECISION CO.,LTD.
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High definition polygons reproduce the internal structure for the millimeter-wave radar,
where reproduction of internal structure reflection transmitted through object surface is key.

Laser measurement to produce a model that can guarantee accuracy AEEZLYYa RS

MITSUBISHI PRECISION CO., LTD.

Laser measurement Polygon modeling

o
(4]
=
=
)
o
3
3 o
® 8
gg%
3@
=
39
:U’
= O
7 o
o
=]
Q
(¢)
-
[
=k

Source : MITSUBISHI PRECISION CO.,LTD.
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Photographing targets from various angles using optical imaging equipment, and analyzing,
integrating, and modeling data

Use of photogrammetry tegh_nology to create m_odels of targets with indefinite 4 =g >3 mxan
shapes and large targets difficult to measure with laser MITSHBISHI PRECISION £, ET5.
Shooting from multiple points Modelling by photogrammetry

Useful for modeling balloon cars and
NCAP dolls that change shape every
time they are assembled.

OFBADGT2IPG  OFGAOG73JPG  OFGADGT4IPG  OFBADSTSIPG  OFGADGTEIPG  OFBADSTZIPG  OFBADGTSIPG DFGADSTIIRG

o - =1 Tt Ty — 35

OFGADG90JPG  OFGADG91JPG  OF6AQG92JPG  OFGADG93JPG  OFBADGO4IPG  OFGADGISIPG  OFGADGISIPG OFGADGITJPG  DF6ADGIBIPG

juawainseaw
juawdinba Buibew jeoanndo uo paseq Buijapo

OF6AD709JPG  OFGADTIOJPG  OFBAOT1TIRG OFBAOTI4IPG  OFGADTISJPG  OF6AO7IEJPG  DFEAOTITIPG

Large vehicles and other objects that
are difficult to measure with laser
can also be used

0F6A07I3PG OF6A0T34IPG OF6A0T35PG BFEAOT36IPG

OFGAO747JPG  OFGAOTBJPG  OFGAQ749JPG  OFGADTSOJPG  OFBAOTSIIPG  OFGAOTS2JPG  OFGADTS3IPG  OFGADTS4IPG DFGAD7SSIPG

OF6AO766JPG  OFGAOTETJPG  OFGAOTGBJPG  OFBADTESJPG  OFGADTZ0JPG  OFGADTZIUPG  OFGADTT2JPG  OFGAO773JPG  DFEADT74IPG

Source : MITSUBISHI PRECISION CO.,LTD.
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Outcome

B "Scenario package" for sensor validation

B SDM-Generator

102
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Space Design Model Generator (SDM Generator) Development generates test environment
for performing safety assurance in virtual space by using database of driving environment.

M=m ALY YasmSH

MITSUBISHI PRECISION CO., LTD.

Development Objectives and Comparison with Other Companies

B Development objective
Construction of scenarios incorporating physical property information to evaluate perception and recognition of sensors, etc.

Also supports true value information output to evaluate vehicle position

B Comparison with other companies
Comparison with other competitors - We confirmed that the Ul is easy to use and the scenario creation efficiency is

similar to the competition.

B Screen configuration
(Easy-to-understand settings and
ease of use)

IPG
CarMaker
(10.1)

A
Setting of running track and running
speed is different window.

ANSYS
VRX
(2021R2)

o
Collapse Settings into One Window

Siemens
PreScan
(2021.2)

o)
Collapse Settings into One Window

DIVP®

o)
Collapse Settings into One Window

Ease of creating scenarios
(validation based on the time
required to create a new NCAP
pedestrian jumping scenario)

(@)
30 minutes to 1 hour

X
1~ 2 hours
Map creation is heavy
DS and AP have different axes

)]
30 minutes to 1 hour

)]
30 minutes to 1 hour

Scenario reusability
(Partitioning of settings/parameters,
etc.: external file storage, etc.)

(@)
Map
vehicle setting
Sensor Individual Parameters

(@)
Map
Sensor Individual Parameters

)]
Map
Sensor Individual Parameters

o)
Map
Running track
vehicle setting

A

A

@)

©)

Source : MITSUBISHI PRECISION CO.,LTD.
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Advantage of DIVP® sensor validation lies in physical properties added to the environmental
model and the input/output. Development of true value output function is underway.

Input/Output and True Value Output in SDM-G Aﬁﬁ%ﬁﬁi‘ﬁ!&

Scenario description 3D models Vehicle motion
» Dynamic Content (maps, targets) ' ’ model
(OpenSCENARIO)

o Stgtgl\%“éegé aracteristic Generation of assets having physical 1
(Open CRG) (szfeft’i've properties to be provided for sensor
Properties, etc. validation

Environment and
. ; Sensor Sensor :
g space design > . " mag Sensor Fusion AD control
i perception recognition
$ .
|

! |

- ______________________ S R |

Simulation

Source: Materials provided by Nexty Masui D I V p
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Space Design Model Generator (SDM Generator) creates and manages scenarios for DIVP®
simulators by placing vehicles and targets in virtual space environments.

Key Features of SDM Generator "523.!;?32:;‘!’52‘;35.

SDM Generator

Environment model creation function Scenario creation function Asset editing features

screen example

=

mOptional Road Model Creation mOpenSCENARIO import/export mAssign a DIVP® material to an asset.
3 mRoad model creation from OpenDRIVE data mlmport of driving data by GPS or IMU mReviewing Asset Control Information
L
% mArrangement of road markings, road signs, buildings, mArrangement of own vehicle, other vehicles, persons, mAsset confidentiality
& etc. etc.
>
g mControl settings related to event/condition judgment

Source : MITSUBISHI PRECISION CO.,LTD. ” D IV p
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Developed function that can flexibly create necessary traffic environment models, enabling
reproduction of various scenes

: : =E LY Yaz kSt
SDM Generator Environment Model Creation '\Mg;{,ggggﬁgoﬁm

Sceneinew scene] Projectinew project] - SOM Generator - o x

e = Development of driving environment model functions

Ty W TR Y- FEuk ALT debug test

R-=lHHI e .
S : LEh— — = TT— ~* Supports ASAM standardization

o x Position X 148.806 + . .
:'5:.‘;:’::.;“(.,, ® ;== -+ mRoad running environment
;é}’:,:‘.‘;“‘“.’emzm 3 B | coion s pooues -+ * OpenDRIVE Data Import/Export

Li‘nn ture Roll 00 [de; -+
: E;:;;;?‘;j 2 Yoo e -+ * FBX Import/export format assets
. PointFeature (38)

Scale X 14 51 . =
s A : v 1% -+ Virtual Environment Create
Z 1.00 - *

mCreating a Driving Environment Model Using the Mouse
* Plotting Control Points, By Entering Parameters, Creating Road Alignment
Data, Creating

¥ 4lr 2D Editor % | ¥ & nAsset Browser @ Asset Preview

s . * Road specifications from the library, Textures, etc. Set by selecting.
» Select and place road markings, road signs, roadside features, buildings, etc.
Ve o m from the library

- Set white blurred lines (automatically generated by specifying 0 ~ 100% peel

Sample_Co Sample_Dra Sample_Fen Sample_Fen Sample_Gur Sample_Gur Sample_Hy Sample_Pla Sample Pla Sample Pla Sample_Pla Sample Pla Sample_Pla Sample_Pla I'at e)

¥ Diog

Ko B9 waring 09207 B i S v et ) mOutput of the driving environment model
: « Assets (FBX format), and OpenDRIVE, Output data in pairs

(R

(Automatically generated with 0 ~ 100% peel rate)

*Integration of white lines and
realization of water gradient

*Generating OpenDRIVE Data *Realization of blurred white lines

Source : MITSUBISHI PRECISION CO.,LTD.
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Currently placing vehicles and targets, creating scenarios for DIVP® simulator, developing
editing functions, and using them to create assessment scenarios such as NCAP

SDM Generator Scenario Editor

SOM Generator  (sample logical.cmi)
ERZIETE A

05 R S5Se = MR SIUARS
YHUAER: logicalscenario v Qe 0

+ & 3
[ e

* logicalScenario

N

ERNRY 3, £RB 30

e
431.56,-207.82,24.88)
0.46,3.29,5.67)

¥ 5#(divp_alphard_front (¥ @&(divp_prius_0) v #7920k
£l 5 s 3 W INHRID
HRES 0 ERES: 0 001 _divp_prius O
= S 002 prius.1
8 10,00 B 2000 »ae
B/ 5000 B | 60.00
3 10.00 1% | 20.00

*Logical scenario/concrete scenario

editing function

TEINRBABRT

AUHd  event 2) + &
g
(455.35,213.34,24.93)
0,03,822)
—b = route 2)
‘ \ Ao aE Ly B

oK Fyven  Am

X 458340343 - +
Y o213.269252 -
Yaw i 0000000

Z—h: 2901

BB hkSys

Blfa: ctrl¥—+ K5y
ERAEABE: 5Ty

ERHR
TR RRHRL

*Scenario editing using
OpenDRIVE data

S =m ALY YarmRSH

MITSUBISHI PRECISION CO.,LTD.
Developing a scenario creation/review environment

Standardization support
mScenario environment
* OpenSCENARIO Import/Export
* 1/0O of the proprietary (including complementary) scenario file (XML)

Various scenarios incorporation of
mIincorporation of experimental data

* CSV data Importing
mincorporation of various scenarios
 SAKURA, Customer-Name Creation Scenario, OpenSCENARIO, Import

Setting Up Your Own Scenario
mConfiguring Routes and Events
* Way Point, OpenDRIVE, Setting a driving route along a route
- Select and place your own vehicle, other vehicles, people, etc. from the
library
« Setting of controls related to various events/conditions such as
speed/acceleration
mSetting Environmental conditions
* Weather (rain, snow), time (sun position), etc. depending, sensor failure
scenario, setting
Review various scenarios
mUse the Play button on the GUI to check the scenario
* On the driving environment model, in real time, in preview
mCombined scenario linkage with traffic environment model (future response)
 Traffic lights, switching, other vehicles, running and people supporting

Source : MITSUBISHI PRECISION CO.,LTD.
107 FY2021 Year-end report

independent control such as walking
®’ DIvP



SDM Generator can easily check materials and assign different materials to assets, which
can be used for various verifications

SDM Generator asset Editing Capabilities AEE.;ZZ;;;E?‘:E

FeyrBRTLE2—~

B Development of material editing functions

P

Change Material

mMaterial Assignments
- Assign materials from GUI and use DIVP® PF
* Quick preview of assignment result on screen is available.

Material Quick Edit

mSupport for quick material editing
* Quick preview While viewing Editable

Confirm Asset Control

mReview controls set on asset
* naming conventions and tree structure switching, part-by-part
rotation,

Ability to check animation controls

Custom Convert to Format

ﬁﬁ = o mFor concealment and Conversion to original form

» Support for custom format conversion

*Change Material Assignment *Edit Material

Source : MITSUBISHI PRECISION CO.,LTD. .. D IV p
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By supporting international standards as Input/output, it can be connected to various
simulators.

Support of international standards SE=EZLYVaymXait

MITSUBISHI PRECISION CO., LTD.

SOM Generator  (new_scenario .« - o X
AmmzrL wove OpenDRIVE®
anaging the road shead
= S e = EEREEE SFUF RS 7 T NERASET
— O DRIVES FFUARR ¢ logicalScenaria_1 a5 a o o 0 | v wa
[} pen
-8 g th omdsread + o |
X : .
= g - 497.467287 + FBX O
+ logicalscanario_1 g 20 o0 Rl DIVP® Simulator
) Yaw © 0.000000 -+
<
)
| 2DIRATIRBIESE
qc’ AR @ | Z—b: AgO—JL
BE: RIS
e _— @ Bif : ctrlf— + kS v
c » mapl REGE~BE: FTLIY9Y
DIVP® Material
2 sELLcds < :igﬁﬁ FEF (d fe_0)
= - :RYTEF M (id : divp_jtown_simple_
> "ﬁfg ’:Zu';lo% - xyz : 0.000000,0.000000,0.000000
I.ﬁ FBX ¥ divp_NcapBye. extrems. low. 1 ® v oRGYsiE
» divp_NcapDoll_extreme_low_1 & xyz: 490.120107,-235.122985,24.686062
v #RAES <k (id = event_2) |
v A MEE =
L=
> R rE ®
- MR DIVP® Assets
* divp_alphard_front_0 ®
A RARE 3, A 36
| » AFTzIR i B A (divp_prius_0) || {i B (divp_prius_0) |
) || e | o | q
&S RBEH AT 3B AT =SB | Other simulators
OpenSCENARIO | [4nrzmip I Roll Pitch Yaw | [x v [z |
e e o et | sivp_privs 0 v | 001 | 0000000 | 000000 ¢ | | 001 501640712 [ -217.4a448 | 2495576 |
|'002] divp_NeapByc ext ¥ ‘ 002 | 0.000000 | 0.000000 10.000000 ‘ G2 495 3054740 -217.10024 24.952739 1|
| 003 | divp_NeapDall_ex ¥ 1 JE&EM 0.000000 [ 0.000000 [ 20.000000 |] uas| 486.265882 ‘ 21623239 ‘ 24.948440 !
. | > mz || 004 | 0.000000 | 30.000000 \ > omE | DIVP® Scenario
running data | ‘ S ‘ |
|

Source : MITSUBISHI PRECISION CO.,LTD. .. D IV p
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Outcome

B Space and sensor model highly consistent with
actual phenomena
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Simulation modeling predicated on mathematical model based on principles. Consistency
verification was carried out by comparing experiment and simulation in sensor output.

Modeling approach

Steps Details of implementation

Implementation step

B Real physics modeling
v' Mathematical modeling of physical phenomena
in the real world
v’ interface design

B Real physics based simulation model
v" Simulation modeling of mathematical model
v Design Competitive Advantage

B Verification & Validation
v" Verifying Virtual vs Real Consistency
v" Verification of extrapolability based on Verified
modeling

Understanding the principles of each sensor

Function assignment for each part
interface design

Design the simulation model

DIVP® Design for Advantage

Basic operation verification

Extended operation verification

e
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Virtual modeling of physical phenomena is based on sensor detection principle and
modeling of image. Sensor interior is virtualized for precise perceptual output.

Example of Camera Detectlon Pr"‘]ClpIe HITACHI Sony Semiconductor Solutions DENSO SOI(EN p'oneer

Inspire the Next Corporation

%\:amera Radar LiDAR
PG -

In addition, the sensor interior is precisely virtualized for precise perceptual
output.

Target object

Environmental image

Sony Semiconductor Solutions
Corporation

2 Photoelectric conversion i
= (Photoelectric conversion)
e Signal processing
(Raw Signal Processing)

Front window Lens Image sensor ISP */Recognition

Input

Interior of the sensor

* Image Signal Processor
Source : , MITSUBISHI PRECISION CO.,LTD., SOKEN, INC, Sony Semiconductor Solutions Corporation
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Model modeling was conducted based on principle of sensor detection and physical
phenomena, and consistency was verified by matching with the actual vehicle test results.

Verification Efforts Sony Semc o arsion cuters  HITACHL  penso SOKEN fProneer

L t '

Environmental model Space design Sensor model

v

)
-]
o
£
]
L
o
>
£
S
®
S
=
3]
<

Virtual model

Allocation of improvement
requests Study Based on Sensor Output Comparison

Consistency Verification and Reinforcement

Verification

Source : DENSO, INC, HitachiAutomotiveSystems, INC, PIONEER SMART SENSING INNOVATIONS CORPORATION D Iv p
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Outcome

B Space and sensor model highly consistent with
actual phenomena

B Camera

114
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[Camera Consistency Verification] By shifting indoor validation environment, proving
ground, and general road environment, error factors are clarified and accuracy improved

Consistency Verification Flow of Camera Perceptual Output

@ Camera perception model simplex verification
- Indoor Assessment Environment

@ Camera perception model + Environment
model verification
- Proving Ground Environment

@ Camera Perception Model + Environment model
verification
- General road environment

+ Verification of a single camera physical
model using a light source capable of

measuring spectroscopy and luminance,

and a subject

+ Validity verification of various assets
and spatial drawing settings in a proving
ground environment where
environmental conditions can be easily
set

» Feedback to the environmental model
part by factor separation with the
camera perception model

» Various asset settings based on the
general road environment, validation
of malfunctions (Backlight, bad
weather, etc.),

» Feedback to the environmental model
part by factor separation with the
camera perception model

SSt e eErporsion
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[Camera Consistency Verification] By comparing camera's perceptual output, scenes and
places causing differences are identified, and factors are fed back for improvement.
Soltione Lorparstion

Process Flow of Real Machine Photographing and Simulation in Consistency Verification

» Comparing sensor model output results with actual camera shooting results using RAW data
» Compare the data to identify the scene where the difference occurs, where it occurs, and what causes it.

Environmental model Spatial model Sensor model
Nara < erle on 0Q 0
(. )
Real mark Real space Camera Module + EVB e—-»
\- M
match verification

|

Recogn
: 3D Polygon Model_ _ Ray tracing Sensor model ition
with measured reflectivity

engine

\_ T 7y J T
2 Camera Perception Model + Environment Model (1) Camera Perception Model Verification Points
verification block verification block
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[Camera Consistency Verification]During consistency verification, factors that cause errors
are extracted and consistency verification is conducted based on these factors.

Configuration of Camera Perception Model and Error Factors Stioneearparsion

optical model .
image sensor model

Target {?\ .
ﬁ U/ [ g g, | A D Ao
i E—

— \\- | / - .

i .- :
Lens IR-cut OcL Color Si Pixel Column Raw Signal ISP

Filter filter substrate circuit  processing Processing

OCL Color Column processing RAW Signal
(On Chip Lens) Filter Processing
B Spectroscopy m Light collection B Spectroscopic B Quantum efficiency B In-pixel circuit B Analog gain B HDR Synthesis
Error factor B Projection data factor property ® Noise
B Shading

B Color reproduction B Brightness m Color reproduction B Brightness B Signal level B Signal level B Halftone expression
H Pixel misalignment ® Noise Level
Error affected area B Brightness
distribution
m Large Small Large Large Small Small Large

Source : Sony Semiconductor Solutions Corporation .. D I V p
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[Camera Consistency Verification] Perception model is independently verified in indoor
environment by comparing measured data with simulation results.

n _SenEconductor
utions Corporation

Consistency Verification of Camera Perception Model (Optical Model + Sensor Model)

Validation procedure Validation result
® Shooting a subject with an actual camera and acquiring RAW data ® The signal level of each color pixel in RAW data (Bayer
® Measuring the spectral radiance value of the subject and creating simulation input data based on the array) is compared.

measured value ® Check that the difference between low brightness and

® Execute the simulation (SIM) using the input data and obtain the output results in RAW data format.
® Comparing pixel values for each color R, G, and B of RAW data between the real machine data and SIM
results

high brightness region is within about 20%.

Evaluation with color chart

Validation Result

) e

Evaluation with pattern box

«Evaluation with two different color
temperature

Source : Sony Semiconductor Solutions Corporation . . D I v p
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|
|
|
|
' 2
. L : Color chart < 2
.‘ | > / 4
: Artificial sunlight lamp © L . : zp
| White LED E 9 Pattern Box Y’fx
& | S5 4 g
\ (] [ ® Rm
Y. | @ £ E Color Chart o
3200K 5500K | 2 ,"’ (Artificial sun light) . B
o o l Color chart -Camera E: o o Rm2
Ao | *Spectral radiance meter & ) ),/’, Color Chart . ij
N\ | = =il (White LED) it~
./ | ] | 7 / —— 8B (Y=X)
| 0.
I 0 4 8 12 16 20 24
l Real Image Signal Level (22X bit)
|




[Camera Consistency Verification] Verification is performed in a system that combines
camera perception model and environment model in an outdoor environment

Comparison with Real Equipment - SIM

SSt e eErporsion

Image acquired on real camera Simulation (SIM) results Consistency of asphalt areas (Sim/Real)

Actual Camera Results (after development) SIM result (after development)

EbEE (SIM/ZE )

11

ERY
07 ui
o T
i II I I "l

i SIM
o Ratio average
o I (SIM/ Real)
-1 I I || = I L ol : R 0.84
= 1 oln ol = e ke A 0.60
B 0.61
Image acquired on real camera Simulation (SIM) results Image acquired on real camera Simulation (SIM) results

Consistency of sky areas (Sim/Real) Consistency of vehicle areas (Sim/Real)

E LR T T
_—-/?E".; — -

~

FE 52 (SIM/ 524

o
07 R
04
03 us
01

teE(sim/EE

Ratio average i - Ratio average
s II " e II . (SIM/ Real) o ‘ o . (SIM/ Real)
=g ]S a7 TR e SIS ITE e
AL ||| || | LI || il | z T A ||| II III III - |‘| ]| I ” i o 19
B 0.96 B 1.13

Source : Sony Semicopdyictor. Solutiang Corporation

validation results: The average value for each asset must be consistent with a difference of approximately 40% or less.

Source : Sony Semiconductor Solutions Corporation . . D I v p
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[Camera Consistency Verification]Each part of NCAP pedestrian dummy was verified to
ensure consistency of the assessment package.

Consistency Verification Result of NCAP Pedestrian Dummy St oneeerperation
Results of real machine shooting SIM Results Consistency verification result of NCAP pedestrian dummy
Development
result — | — 1.6
' 1.4
1.2
1
0.8 mR
0.6 mG
0.4 mB
0.2
0
Head Upper body Lower body

Signal level ratio (SIM / Actual machine)

validation result

Check that the head, upper body and lower body match
within approximately 40%.

Source : Sony Semiconductor Solutions Corporation . . D I V p
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[Camera Consistency Verification] Nighttime NCAP pedestrian dummies and headlight
characteristics were verified for each part.

SSloti e EaTporstion

Consistency between NCAP Pedestrian Dummy and Headlight Characteristics Verification Results

Results of real machine shooting SIM Results Non-irradiated area Irradiated area
A A
r N A
Development 14
result 19
1 fr—
08 ol ] 1 ] |
i _ o
0.4 | 1 i ] i _
| | | | |
i ] | L] ] ] | ] |
70 21 ) 3 Kra

Sim / =4
R E9ME 0.527 1.03 1.03 :_ 0.942 0.439

Validation result

The difference between headlight irradiation and non-irradiation
areas was about 40%.

Challenge:

The cause of the difference in road surface brightness is being
investigated, whether it is due to road surface reflectance data or
headlight characteristics.

Source : Sony Semiconductor Solutions Corporation . . D Iv p
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[Camera Consistency Verification]Verified road surface model as consistency verification of
Odaiba driving scene

Asset Model Verification Example: Odaiba Road Surface Consistency
Verification Result

SSt e eErporsion

Results of real machine shooting SIM Results Results of consistency verification of Odaiba driving scene
Development
result normal road highly reflective
35 /] surface \ ] surface

N

[

2.5
1.5
0

Signal level ratio (SIM / Actual machine)

RAW data

Validation result

Normal surface:

- Make sure the differences match within about 40%
High reflecting surface (reference):

- Application of reflectance measurement data is not
being considered.

Source : Sony Semiconductor Solutions Corporation . . D I v p
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Outcome

B Space and sensor model highly consistent with
actual phenomena

B Radar (Perception)
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The implementation of the millimeter-wave Radar model was completed and simulation was
sublimated to enable validation of physical phenomena.

Radar Simulation Results DENSQO SOIKEN Nihon Unisys, Ltd
Time :4.07

Source : SOKEN, INC
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|Raldal ImMOuUciify)] Dy cvailuatiiilg uic rurncuoris OfF e slimuiator siep vy slep, cacll rnierarciiy
(sensor model, asset,
Propagation Model) Issues

Consistency Verification

Step

Purpose of the verification

SOKEN

Confirmation characteristic

MinebeaMitsumi Group

Nihon Unisys, Ltd

Validation index

Join Behavior
Check

Pre-verification
(Stationary
Objects)

Basic
verification
(Movable
Objects)

Failure
reproduction
Verification

Scalability

verification

B Validation of Defined I/Fs and Verification of
Perceived Output for Point Wave Sources (Corner
Reflectors)

Distance, speed, bearing and
signal strength

antenna directivity and circuit
noise

Emblem Error

Distance, speed, direction and signal strength in anechoic
chamber

Direction dependence of signal intensity and signal
intensity distribution of noise

azimuth measurement error

T —
FY 21 Scope

B Verification of basic single targets (Prius, NCAP
dummy persons, bicycles)

B Verification of spatial attenuation due to rainfall and
clutter generation due to raindrop scattering

clutter

B Verification in actual traffic environment

B Verification of targets (manholes and corrugated
cardboard) that are prone to false detection and
non-detection by millimeter-wave radar

- :

Reflection intensity and reflection
point distribution

Multipath due to road surface

Micro doppler

azimuthal separation capability

rain attenuation

Orientation Dependence of Reflection Intensity and
Reflection Point Distribution

Distance dependence of corner reflector signal intensity
Signal Strength Distribution in the Speed Direction by
Pedestrian Swing and Tire Rotation

Increase in the number of antennas and azimuth
separation capability by MIMO

Spatial attenuation relative to precipitation

Raindrop shape distribution and clutter distribution

B Snow attenuation, road clutter

B Reflection intensity and reflection

point distribution of peripheral
structure

Multipath with Tunnel Walls

Spatial attenuation, clutter intensity and distribution for
snowfall

Signal intensity distribution for distance, speed and
direction of tunnels and overpasses

Occurrence of ghosts on overtaking vehicles

125 FY2021 Year-end report
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Average RCS in horizontal plane confirmed to match of approximately 3 dB or less.
Consistency of detailed angular characteristics remains an issue.

Angular Characteristics of Radar Cross Section SOKEN

n-plane ~ NCAP Doll NCAP Bicycle Prius

average

) ) 62 .5 159  -1.0
dBsm]  °% 23 6 5.3

Source : SOKEN, INC
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CONmrmed o imatlll O1 approAlimniately v..im Or 1Cs5-s.
Discrepancy of reflection points on the far side with respect to the direction of observation
is an issue.

SOKEN

Angular Characteristics of Reflection Point Distribution

Test environment

Test Results

|:> Direction of observation @®Measurement (imaging radar)
A Simulation

imaging
radar

Source : SOKEN, INC
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111C RCCCIVEU sigrial strergtl varic willl distaliCe arid uie imdaatmuir pedn icvel cifTor was
confirmed less than 5 dB.

Differences in depth of depression of received strength is an issue.

Multipath fading due to road surface SOKEN

Test environment

Test Results

0
_-m.___ H =F-10 | + simulation
—— 1 _ 93 o0 L ° experimental
i . i - 3 : ﬁ _30 i
S 40 e
5 50 ﬂ‘f,
72|
= *%e Ky 5dB
mmWave Radar corner -&_60 .“:3::; * “x
Reflector w10 ° | ¥ v v
© © 20~100m > 20 40 - 60 80 100
10km/h distance [m]

Source : SOKEN, INC
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A pedestrian motion model was constructed.
The consistency of micro doppler pattern in Range-Velocity Map was confirmed.

Micro doppler (Pedestrian Walk Cycle) SOKEN
Experimental Result Simulation Result

20.0

20.0

17.5 17.5 —
=
[23)
15.0 15.0 =,
=
e 12:8 — 125 &
E E e
© 10.0 Py L.
& @ 10.0 =
= = =
= 55 ] =70 &b
- 7.5 ]
b
5.0 5.0 H 2
-80 8
2.5 25 2

0.0 = — 0.0 =90

10 -5 0 5 10 -10 -5 0 5 10
velocity [m/s] velocity [m/s]

Source : SOKEN, INC . . D IV p
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A rotational motion model of wheels was designed.
The consistency of micro doppler pattern in Range-Velocity Map was confirmed.

SOKEN

Experimental Result Simulation Result

Micro doppler (Wheel Rotation)

Test environment

h
(=}

received signal strength [dBm]

20km/h >

Target C:D 30km/h >

Source : SOKEN, INC . . D IV p
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In order to improve the azimuth separation performance, radar technology was updated to
recent trend technology.

A new Radar Sample (NXP) with MIMO Function was Launched and Signal Processing was also Modified. wineseamitsumi croup

DIVP® Radar Technology until last year Updates made this year
Time axis Time axis
(Velocity Axis) (Velocity Axis)

Data used for R-V

mapping
i RadarCube RadarCube
[N
ngpling axis g7 AN ‘\\ Sampling axis
(Distance A(i ! (Distance Axi\

antenna axis
(Bearing Axis)

antenna axis
(Bearing Axis

Data used to create the

XY map
* The volume of the measured data (RadarCube) is slightly small. | - The volume of the measured data (RadarCube) was enlarged.
ADC Sampling Frequency = 12.5 or 6.25 Msps ADC Sampling Frequency = 20 Msps
* Virtual Antennas = 1 x 4 = 4 (non-MIMO) * Virtual Antennas =3 x4 =12 (MIMO)
» 3D RadarCube to 2D signal processing - 3D RadarCube can be converted to 3D signal processing (peak search)

Source : U-Shin Ltd. . . D Iv p
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In order to improve the azimuth separation performance, the radar technology was updated

to recent trend technology.

Flow of 2D radar signal processing(1/4)
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Source : U-shin Itd.
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In order to improve the azimuth separation performance, the radar technology was

updated to recent trend technology.

Flow of 2D radar signal processing(2/4)
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Source : U-shin Itd.
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In order to improve the azimuth separation performance, the radar technology was

updated to the trend technology.

Flow of 2D radar signal processing(3/4)
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In order to improve the azimuth separation performance, the radar technology was
updated to recent trend technology.

Flow of 2D radar signal processing(4/4)
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As a result of the basic experiment at jTown, it was confirmed that the of
soxen IShin

azimuth separation performance was improved by MIMO. MinebeaMisum Group
T . . . . . oint cloud (BEXEHEfT) Point cloud (ARZEHT)
Definition of direction separation function, estimated so—— SRR g | @ e |
. - = 40 08 40 0.8
distance limit, test result s / h oo | = . . 30m 0
:20 0.4 :20 0.4
E /m i 10 \/ 02 10 \/ 02
Reflecti L - 4 w0 T o w0
eA ection L 6.12m b % o] X ]
1 1 1 1 50 1 50 !
40 08 40 o8
Purius Purius 30 / \ 06 £ 30 / \ 06
I;2[;} 04 ;20 0.4
10 02 IO 02
0 ‘ i Q 0 a
6.12) - d | w d 1
? 40 08 40 08
_ —9 _ 458 o / \ 1 / \ :
tan (—) > 20 ar | > 2 04
2 IEI 02 I[) 02
: 40 -2IU EIU 4I0 : X —:10 -2I0 20 40 °
Radar - : am o — ] 50 : x,[m} . : |
40 08 40 08
4 antennas 12 antennas = 30 a6 E30 06
(non-MIMO) (MIMO) = al = 04
Theoretically, the beam width when a null Beam width © 34 deg 9.2 deg 2 \y 02 10 \y 02
point is generated when a single beam is L sam =T | sse T A e X4 -l I 5
completely inserted between objects is called it DA =
"azimuth separation performance”.
Distance L expected from theory Non-MIMO mode (4 antennas) MIMO mode (12 antennas)

Source : SOKEN, INC , U-Shin Ltd. . . D Iv p
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The resolution improvement of radar image was confirmed even in the real environment of
complicated urban area.

Test result in residential area simultaneously capturing numerous obstacles !_I:!Ell!ll
inebeaMitsumi Group

NXP MIMO radar for DIVP, file="config10”

radar.config=10, frame=201
3D Point cloud (Standard algorithm)

Point cloud (Standard algorithm) ] \

0.8
0.6
0.4

- 0.2
X [m] )

Heat map (Standard algorithm)

Y [m] 0 “10 ¥ [m]

R-V map (Standard algorithm)

Heat map (FYI: U-Shin algorithm)

R [m]
o N NN (=] [= =]

0
V [km/h]

Source : SOKEN, INC , U-Shin Ltd. . . i ' Iv p
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Idpdlidl atterniudtiorn GQue 10 raill was Cslimialced 1MoOIT raindrop sriape disropuuorl usiing
attenuation model based on Mie scattering equation.The estimated spatial attenuation
values was confirmed to have an error of less than 20%.

Rain attenuation SOKEN

300
e simulation

S Corner - g 250 [ w experimental v
reflector _ '

= ®
E 200 n
™~
m a v w
= 150 | ®
n
'MR{ 100 F : i :
= a -
50 F ©
T g
0 [ ] 1 ] 1
0 100 200 300 400
40m &% & Fe7K E[mm/h]

Validation of the relative reflection intensity under
rainless conditions

Source : SOKEN, INC ? i ' IV p
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Millimeter wave radar measurements confirm that rainfall causes clutter in RV maps.

Rain scattering SOKEN

100 -8

D
=)

80

&
received signal strength [dBm]

60 -1

range [m]

|
~l
(=]

|
2]
o

-10 -5 5 10 —-10 -5 0 5 10 0
velocity [m/s] velocity [m/s]
no rainfall set precipitation
30mm/h

Source : SOKEN, INC ’ D I V p
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Liutiel dislrnoutiorn wds coslimiatel 1M OIT raifniarop orfqape distriputiorn uvsirng a scatering modadci

based on the Mie scattering equation. Measured and simulated clutter distributions were
verified.

Rain scattering SOKEN
Experimental Result Simulation Result

ez 100

K

7 -50
80 SRR
T 60
=
[+
—

received signal strength [dBm]

-10 -5 0 5 10 -10 -5 0 § 10
velocity [m/s] velocity [m/s]

Set precipitation: 30 mm/h

Source : SOKEN, INC
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The consistency of the millimeter-wave radar model was confirmed, and residual problems

were extracted.

Concordance confirmation result of millimeter-wave radar model

Angular Properties of Reflection
Reflection intensity Intensity (RCS)

spot distribution Angular characteristics of reflection
point distribution

Error of in-plane mean RCS less than or equal to
3dB

Reflection point distribution with a distance error
of 0.2 mor less

SOKEN  Ninonunisys,.ta  [IS3HRiNN

MinebeaMitsumi Group

SUIIEUT L Check item Consistency can be verified Current issues — Proposed measures
characteristic

B Consistency of detailed angular properties
B Coherence of the distant reflection points of the
target
->Considerations such as multi-pass, glass
transmission, etc.

Distance dependence of received

Multipath signal strength

Coincidence of peak generation positions
Peak signal level error: 5 dB or less

B Consistency in the depth of the dip in the signal
level
->Review of low elevation reflectance of road
surface

Signal strength distribution in the

MicroDoppler velocity direction

Micro-Doppler pattern due to pedestrian walk
cycle and wheel rotation is almost identical.

Confirmation of improvement of
azimuth separation performance by the
number of antennas

Azimuthal separation
capability

With the increase in the number of antennas due
to MIMO, the azimuth resolution is improved
almost as theoretically.

H  Due to the performance limit of the
experimental radar (NXP), phase
compensation is not possible up to £ 50 km/h.
->Consistency verification is performed within
this range.

Relationship between precipitation and

Rain attenuation )
attenuation

Orientation estimation errors are generally
consistent.

B Coherence verification in natural rain

Rain scattering Clutter generation distribution

The clutter generation distribution is almost the
same.

B Consistency verification in XY distribution

Source : SOKEN, INC , Nihon Unisys, Ltd, U-Shin Ltd.
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Single radar function (number of channels, frequency, modulation method) supported. Plan to support
interference/synchronization between multiple radars, expand range of ADAS applications supported.

® Verified ll"‘l.i“
Technology Trend Forecast and DIVP Coverage Not verified (Supportable in principle) SOKEN Mlneb:M'itsumiGroup
2016 2018 2020 2022 2024 2026 2028 2030
Apblication -AEB -AEB Pedestrian  -AEB Junction -Automatic Pilot Highway
A .BSD -LDW - AEB Cyclist - Automatic Pilot City
Number of Radar L 3 ] 7
-Stand-Alone Incoherent Network - Coherent Network ?
R SiMo4d  _MIMO Massive MIMO
umber o
Channel 4 12 64 192 1000~ 2000~
“1Tx/4ARx +3Tx/4Rx -3Tx/4Rx/2Chip =3Tx/4Rx/4Chip -48Tx/48Rx
FMCWradar @  24GHz 120-140GHz ?
(Freq domain) 79GHz
Digital radar UWB radar (8GHz Digital radar (79GHz
(Time domain) - (Complex) ASK -BPSK -QPSK -QAM
Upcoming - TX Beam Forming -Sparse Antenna and Compressed Sensing
Techniques -Grid Mapping *Machine Learning -Doppler Division MIMO -Free Space Mapping

Source : SOKEN, INC, U-shin Ltd. D I v p
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Outcome

B Space and sensor model highly consistent with
actual phenomena

B Radar (Recognition)

143 FY2021 Year-end report . D Iv p



Millimeter-wave Radar Recognition Logic for Object Detection and Tracking Using Simulator
Output

Overall configuration of recognition logic using millimeter-wave radar ,‘5‘(

Range, Angle, Velocity,

RF Simulator (DIVP® Simulator) Reflection intensity
4 AW
Radar reflection signal Range, angle, C%Zﬁgg:] to Data
(beat signal) —_—> velocity : coordinate Filtering Clustering association,
calculation system Tracking
v
R-V, R-angle map Vehicle motion information
’generation (velocity, steering angle)
\_ ~/

Overall configuration of millimeter-wave radar recognition logic

DIVP® Logic for object detection and tracking was constructed using the output of the simulator.
In this summary report, clustering and data association tracking are extracted and reported.

Source : Toyota Technological Institute . . i ' Iv p
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Statistical design of noise filter by reflection intensity

{30

Analysis of Reflection Point Intensity Distribution for Distance between Preceding Vehicle EACE
and Noise G
120 T T T T | T |
Standard Deviation x 1.5 |
"rlT / standard deviation | Conditions: cut out scenario
7 / Average | |
IV CR S T | _ ;
| | I R | - Low reflection intensity point removing filter
) 1 T [ T - Remove low reflection intensity points
5 90F + T - -+ - Because thresholds vary with distance
3 \ T </>\ 1 | Set from average and standard deviation of preceding vehicle
// reflection point group intensity for each distance
80| 1 =>Sets the threshold for a regression line with a mean of -1.5
— 1 - 1 + | 7 x standard deviation.
Cut Threshold | | Cut Threshold : p, — 1.5, = —0.101 * range + 77.92
6020 3I0 4I0 5I0 6I0 7I0 8I0 9I0 100

Range (m)
Distance of preceding vehicle

point cloud reflection intensity (mean, standard deviation)

Source : Toyota Technological Institute . . D Iv p
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Statistical design of noise filter by reflection intensity

Noise reduction effect by reflection intensity filter

50 Target Points for p=pu-1.50
T T T

40 -

[95
=3
T

No. of Points
N
G
T

B Before Filtering
% After Filtering

Number of pre-filter reflections

0 I I I I I I I I I
0 10 20 30 40 50 60 70 80 90

Range ,(m)

100

Reflection point for preceding vehicle

Noisy Points for p=p-1.50
T T T

Number of pre-filter reflections

No. of Points
o
wn
T

Number of post-
st filter reflections

B Before Filtering
% After Filtering

0
0 10 20 30 40 50 60 70 80 90

Number of reflectﬁ;nﬁe g())ints for other than
preceding vehicle (noise)

Number reduction effect of filters

X-Position, (m)

X-Position, (m)

100

(=N
(=]

s
(=}

201

Balloon

Preceding car
'.3.;

X Target
X Balloon

° Radar Datal;

=66

All radar points

BNIRNENEIRN

Y-Position ,(m)
100 e ——
X Target
X Balloon
80+ ° Radar Data|
60 f g
]
. z
40 preceding cag
C X &
201 =
= =
Balloon *
DR DL VDR RS

Q,\Qf\,ijQ

» P

Y-Position ,(m)

Before Filter
Example of noise reduction effect

a g

100

o«
<

(=N
(=}

X-Position, (m)

o4
(=]

0

100

80

X-Position, (m)

201

0 L L | L L L
%QD‘Q.\)Q(\,Q\Q Q/\QQ,Q?JQ

X Target
X Balloon

° Radar Datal;

=57
9

~
S

%
*,
® e

Filtered radar points
Number of Outliers

BN

Y-Position ,(m)

%Q%Q\Q Q,\QWQ?JQ

~70 |

o -

(o)
(=]

~
S

A)i'h“

X Target
X Balloon

¢ Radar Data|

88
34

Filtered radar points
Number of Outliers

Y-Position ,(m)

After Filtering

N
L7
)

L LT

Ly ILRE]
s

@nce the reflection intensity\

of the object to be detected is
close to that of the noise, a

large effect is not observed,

| \igconstru cted.

but a statistical design method

J

Source : Toyota Technological Institute
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Z

Optimize clustering logic with distance based parameterization

Construction of distance adaptive clustering logic ey

Variable Distance Parameter DBSCAN Creation Space Separation for Variable Distance
DBSCAN Parameters

10DOBSCAN for time = 22 s, €= 0.48024 m and minpts= 5

For certain parameters, clustering performance decreases

with the distance to the detection target. %0l XTa
X -1

gl N <ol

Variable parameter depending on distance * 02

70 - | " 03
- Logic T ol
- Divide the distance area and set the DBSCAN =
parameters according to the point cloud average distance 2 50
in the area 2 ;
(Overlapping areas are consolidated after calculation) e 40 P '
DBSCAN parameters: epsilon, Minpts 30 S
TN % 3rd area
(/1;1 \\' \/ ) PPN th arga
\"\ : 'j A 10 2 N \P |
LA a | i 1/81/aE 2nd are
I l ‘ |

O | 1 - 4
-50 -40 -30 -20 -10 O 10 20 30 40 50
Y-Position ,(m)

Source : Toyota Technological Institute . . D Iv p
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Optimize clustering logic with distance based parameterization

(0T,
o é
Variable Distance Parameter DBSCAN validation/Comparison with Fixed Parameter (Prior Art) 1<E
LT
00— ————— ‘ T 100 e ; | ‘ —
Precedin XTa 104 1 104/ <ol
80 car * 01 * 01 X Ta
o002 002
_ 102 . —_ ~ 102
E B Preceding, E E 5
é E’ 100 car - é é ig g 100 b ocemmeemeeeme o é """ %—* -----
z z 8 3 S *
S 401 = I\ ol o ) =
98 - non~cl % : I\
2 Cluster splitting 20/ e ONO Clustering Success
G ol 7 ﬁ‘é*\ 9%
0 : : ' : } :
SR DD D OO DS PR 4 2 0 2 4 ARFHS TS PR RS Y Npositon (m) S
A Y-position, (m) Y-Position ,(m) ’
Y-Position ,(m) ’
Fixed to a parameter at a distance of 50 m (¢ = 1.4 m, Minpts = 9)
100 o : : : :
100 IS S o1
’:‘/-Tfl//@; T ;/0"/64 %01
80| ] 80 . Ta X Ta
"=~ X Ba
£ . g% : 6 %)
= %0 Preceding®” 1 = | Preceding - 5 S0 T e = : i .
S S o °
2 | car géow \ % 260 Lo i
%Y 7 ) S A0 T s = _/\
. . >< .
, 7 s Clustering Failure ™ 58
20 H
Py \ 20! - , Clustering Success
6 AN
. s N
B O I T JE S SN SEEC R R 5 0 -5 0 ‘-'/R‘. :
_ Y-Position ,(m) _ Y-position, (m) R I NP JIPCININ 4 2 0 2 4
Fixed to a parameter at a distance of 20 m (e = 0.6 m, Minpts = 13) Y-Position .(m) Y-Position ,(m)
validation Results Sample for Fixed Parameter DBSCAN Sample validation Results for Variable Distance Parameter DBSCAN

Source : Toyota Technological Institute
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Various tracking logics were quantitatively compared and evaluated, and it was confirmed
that all could be tracked by simulator data.

Building Data Association Tracking Logic 'xi

Various technical investigations were carried out and the following algorithm candidates were extracted.
Quantitative comparative validation of various combinations in cutout scenarios

Algorithm Overview Advantages Disadvantages
GNN Correspond to the point with the - Be not computationally intensive » Optimality is not guaranteed for
(Global Nearest Neighbor) highest probability of existence in the - High performance in simple multiple objects
nearest neighborhood situations
PDA Selection by fusing a plurality of - Be more computationally intensive - Performance degradation when
(Probabilistic Data Association) associated candidates having a than GNN there is a lot of noise or when multiple
corresponding probability within a objects are nearby
threshold
MHT Keep track of multiple - High performance for multi-object - Be computationally intensive
(Multi Hypothesis Tracking) correspondences tracking
Parameters
» object model CV (Constant Velocity model)
IMM (interacting Multiple Model)
- tracking filter KF (Kalman Filter)

EKF (Extended Kalman Filter)
UKF (Unscented Kalman Filter)

Source : Toyota Technological Institute . . D Iv p
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Various tracking logics were quantitatively compared and evaluated, and it was confirmed

that all of could be tracked by simulator data.

L LT

T . Tracker: GNN. Model: CV n{;(’g
Data Association Tracking Results for GNN/CV 100 ———
- Tracker: GN Modol CV O Tracks i
( T T | (history) i
i O Tracks = Noise © Detections
g0 F (history) (history)
B @® Detections 80 NOIQp Trajectory |
(history)
% ] o | .
-4 Precedlng Car
70 st |
50 € ol > Balloon car
x
e #
> 40 Clustered center of gravity
— points of radar reflectipn point
= 30 ‘ group -
_ ﬂ.f1.'1"
30 : 20 f ‘r'r
2 | 0] ]
10 1 0 L L I I L \ | 1
50 40 30 20 10 0 -10 -20 -30 -40 -50
0 : : : - . - : : - *Horizontal axis scale expansion Y, m
10 g 6 4 2 0 2 4 6 -8 -10

Y, m
Detected object tracking video in cutout scenario

It is confirmed that the object can be tracked with these logics.
However, in this simple scenario, it is difficult to make a clear difference.
=>|n the future, comparative validation and improvement will be promoted in the
real environment scenario.

(0.1sec/frame)

Object Locus to be Detected in Cutout Scenario (Example)

Object Tracking discontinuity | Tracking No tracking error
number length except when a large
Preceding 1 225 number of interference
car noise occurs near the
Balloon car 0 87 balloon car.

Source : Toyota Technological Institute
150 FY2021 Year-end report

®’ DIvP



A real environment measurement experimental vehicle for millimeter-wave radar recognition
model construction was constructed.

Millimeter-Wave radar measurement experimental vehicle and its sensor configuration "%;Jﬁ
LiDAR (Velodyne/VLP -32 C, FOV 360 °, 32 layers) Measurement system configuration | Tower PC
CPU:i7
\\ 1 T GPU: GTX3070
3D LiDARX2 Millimeter-wave radar WiFi 08+ Hinux, ROS RTK-GNSS
(Mosaic-x5)

(Front Both Ushin/NXP, ...

— - ‘ o Ends) ((((u,)))
y’ , 2. - 18 ) UPS
. Geaftier-. — 4l
Pl ohitor camera 5 " - I
' side monitor camera | Ethernet Ethernet Ethernet

B I L
USB3.0 USB2.0 USB3.0
1 1 — =
i onversion adapter
l’ V(Idgi/o_sasrg;;e (Kvaser USBcan Light)
Millimeter-wave radar Mounting angle variable 6 0 i
(Articles Provided by (Front 0 ° to Side 90 °) P y CAN
U-shin : -
) _ _ Construction of Millimeter-Wave Radar and Reference
Experimental vehicle Sensor Data Measurement System for Original

Measurement of Urban Scenes

‘,,_‘ ’.: -+ -
Source : Toyota Technological Institute D I v p
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Measuring software using real environment measuring test vehicle for millimeter-wave radar
recognition model construction was produced, and preparation was carried out

Example of measurement data display by millimeter-wave radar measurement test vehicle She:
(parking lot scene) Gy

~

Front camera image | Construct a system

- capable of measuring 3D
point clouds and peripheral
images based on ROS,
\such as urban scenes j

*At present (2022/2/18), full
perimeter LIDAR and millimeter-
wave radar measurement software

Side LIDAR point cloud image

(BOdy Side Mountmg) are being produced and adjusted.

(To be completed by the end of
2022/2)

Source : Toyota Technological Institute . . D Iv p
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Outcome

B Space and sensor model highly consistent with
actual phenomena

B LiDAR

153
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LiDAR Sim delivers high accuracy, high speed, and consistent simulation

LiDAR simulation results Nihon Unisys, Ltd Proneer

Eile Panels Help

Reset EL | Fps

Source : Nihon Unisys, Ltd
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[ LIDAR Consistency Verification ]

Effectively verify consistency by eliminating error factors other than the object of validation as much as possible at each step

LiDAR Consistency verification Process

Step

Purpose of the verification

Understanding and analysis of physical phenomena are important

for modeling and reproduction of malfunctions

Output to be evaluated

validation parameter

Pronecer

validation index

LiDAR Model
Consistency
verification

Environment Model +
LiDAR Model
Consistency

verification

Impact assessment on
recognition model
output

B Evaluate consistency of LiDAR perceptual models

(scanning and ranging models) by eliminating errors due
to environmental models, spatial propagation models,
and scenarios as much as possible

B RX Model Output *
PSSI LIDAR
Only

B Perceptual model
output

Evaluate the consistency of environmental models and
LiDAR perception models (scanning and ranging
models) by eliminating errors caused by spatial
propagation models and scenarios as much as possible.

B Perceptual model
output

Evaluate the effect of the difference between the
perceptual model output point cloud and the actual
LiDAR output point cloud on the recognition model
output.

B Recognition model
output

malfunction
reproduction verification

B Perceptual model output

Extendability
verification

B Evaluate rainfall / snowfall effects, failure reproduction, ) !
. e B Spatial attenuation
consistency velification model
B Reproduction of malfunctions on highly reflective road B Perceptual model

surfaces and validation of consistency

output

Intensity distribution of the
received signal

Intensity distribution of the
noise

Angle

Distance
Intensity

Range limit

Distance to target

Number of points hit by a target

Target Size

Intensity of the target point
cloud

Distance detection limit
Number of points hit by a target
Intensity of the target point cloud

Number of points of white line point cloud
Intensity ratio of twhite line point cloud

Consistency of intensity distribution, average and variance at each
distance of a target whose shape and reflection characteristics are
known

Consistency of intensity distribution, average, and variance of noise at
each distance of a target whose shape and reflection characteristics
are known

Vertical resolution (elevation angle between adjacent lines)
Consistency of horizontal resolution (azimuth angle between horizontal
neighbors)

Consistency of accuracy and precision at each distance of a
target whose shape and reflection characteristics are known

Consistency of detection probabilities of targets whose shape
and reflection characteristics are known

Consistency of accuracy and precision of distance

Consistency of the number of points

Consistency of target size

Consistency of intensity distribution

Detection probability of the target

Consistency of the number of points
Consistency of intensity distribution

Consistency of the number of points

Source : PIONEER CORPORATION
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Investigation for subjects pertaining to the measurement method with background light and the effect of material with directional
reflection characteristics were carried out. For reproduction of malfunctions, modeling of rain attenuation was invented. Further

verification of malfunctions reproduction to be conducted.

Consistency Verification Summary and Issues

Validation items

PSSI LIiDAR

LiDAR Perceptual Model Consistency Verification

peak level of received signal

Noise Level

o X1

Angle

Distance

Intensity

distance measurement limit

Environmental Model + LIDAR Perceptual Model Consistency Verification

Target Size

O X2

Minimum distance to target

Not evaluated

The number of points hit by a target

O

Intensity distribution of the target point cloud

O

Impact assessment on recognition model output

Target Distance Detection Limit o %3
Malfunction reproduction verification

Rain attenuation O

Rainfall false point In progress

Snow effect

Not evaluated

*1 Problems with disturbance light and measurement methods have been solved.

*2 AEB NCAP and ALKS scenarios were evaluated. Results of ALKS consistency have an issue to be clarified
*3 The effect of materials with directional reflection characteristics, such as black leather jackets, was evaluated alternatively to confirm the improvement of consistency.

Pronecer

Updates from last year

Source : PIONEER CORPORATION
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[ Verification of Consistency of Scanning Angle of PSSI-LiDAR ]
Consistency in scanning angle between horizontal resolution and vertical resolution was confirmed.

Verification of Scan Angle Consistency of PSSI-LiDAR Proneer
Consistency verification of scanning angle
Verification Acquired Data/Validation Difference between sim and actual measurement of
environment Metrics horizontal resolution and vertical resolution
horizontal resolution vertical resolution horizontal resolution vertical resolution
difference between Sim difference between Sim difference between Sim difference between Sim
Measu red and actual measurement and actual measurement

. . . and actual measurement and actual measurement
PSSI medium LiDAR scan trajectory R hist_all-poift
ist_all_poin _all-

environment

Positional and Attitude Errors between

2000 4

Specific Measuring Qbjects and LiDAR

1500

1500

14
. 5 z g g 2 300
infrared camera o B = 2 E
= & 1000 - i £
| &= 1000
8 : :
2 5
— I 500 (7] 500
: [
) = [r— 7 E 100
LiDAR (7] 7]
o o 9 (7] o o
-0.15 -0.10 -005 000 005 010 Q15 SAGE0A0=008"000 605 T fiE o ~0.15 —0.10 —0.05 0.00 005 010 015 ~0.15-0.10 ~0.05 000 005 010 015
diff [deg] diff [deg] diff [deg] diff [deg]
shape error
\ Difference in horizontal Vertical resolution Difference in horizontal Vertical resolution
: resolution Difference i i
scanning-model Wall resolution difference
angular error
9 +0.05 deg or Less % 0.15 deg or Less +0.04 deg or Less +0.13 deg or Less

Legend
Not included in the
validation
To be evaluated

B Driving method of PSSI-LIDAR scanning unit (MEMS mirror)

. . horizontal
LiDAR beams are projected resolution vertical v Horizontal scan = resonant drive = Vibrate stably
onto a plane and the resolution / Vertical scan = Electrical saw wave = May be affected by electrical circuit noise
resolution is measured with an :
infrared camera. It is determined that there is a difference in the resolution between the

horizontal direction and the vertical direction, but there is no problem and
we judged there is consistency between Sim and actual measurement.

Source : PIONEER SMART SENSING INNOVATIONS CORPORATION . . D IV p
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[ Perceptual Model Consistency Verification of PSSI-medium-LiDAR : No Background Light ]
Sufficient consistency of the perceptual model (received waveform and point cloud) was confirmed.

Consistency Verification of PSSI-medium-LiDAR under Conditions without Background Ligh'/Soncer

Verification environment Perceptual Model Consistency validation of PSSI-medium-LiDAR : No Background Light
Validation index Congruence ? Average of noise waveform intensity Average of peak intensity of the waveform
3 5 200
(]
- § ¢ —e—real —e—real
Average and variance of Ensures o 2 ' 150 \ .
Measured " " - . . o _ 2 —e—sim —esim
. ¢ peak intensity of received sufficient ET ! .
environmen signal waveform consistency S §_ 2] = |« 2>
5 — -2 -
2 3 50
Evaluation parameters - z ~
Tntensity Lambertian Reflector S i 5 ——t——te
Distance l{}'m § o 10 20 30 40 50 60 70 80 a0 0 10 20 30 40 50 60 70 80 90
Waveform Consistency between Ensures o distance [m] distarice . [m]
e LDAR e ‘ average and variance of sufficient L L L o L o e e e e e e e e e e e e
k recelved_ n°|se_ waveform conSIStency Difference between the measured distance
e ‘ intensity and the true value
Reh d't " distance | ! ) B
eference distance | meter E e ) Detection probability
— I 2 1 —_——
. © = 0 =
Consistency between Ensures £ =
q _ = R —o—real ©
average and variance of sufficient 2 ﬁ -0.5 e S 5 08
ranging distance and consistency § g E- 3
. - . m
intensity of point cloud g 0 20 40 60 80 w0 B 5 06
— N o =
B Measure by varying the distance between g distance [m] £ M-
. . o e 2 04
the LiDAR and the Lambertian reflector. S Average of the received signal intensity s g —o—real
= 400 > ©
o 7] &
. . Ens.u.res g —orea ] © o2 ~a—sim o
Consistency of detection sufficient £ I . 2
eprgs . = o —a—sim 0
probabilities consistency g 2 200 @ 5
o o
= 100 e 0 10 20 30 40 50 60 70 80 90 100
0 distance [m]
0 20 40 60 80 100

distance [m]

Source : PIONEER SMART SENSING INNOVATIONS CORPORATION . . D Iv p
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[ Perceptual Model Consistency Verification of PSSI-medium-LiDAR with Background Light ]
Sufficient consistency of the perceptual model (received waveform and point cloud) was confirmed.

Consistency Verification of PSSI-medium-LiDAR under Conditions with Background Light /S,oncer

Verification environment

Measured
environment

Evaluation parameters
Intensity Lambertian Reflector
Distance o 10%
Waveform I /)
; 10~60m *”'__/\--1
PC - LDAR )
{ \
[ [
Laser . |
— distance /
eference distance meter L
| ] \
Halogen lamp
(Artificial sunlight)

B Measure by varying the distance between
the LiDAR and the Lambertian reflector.

H A halogen lamp is used as a simulated
sunlight for the background light.

Perceptual Model Consistency validation of PSSI-medium-LiDAR with Background Light

validation index Congruence

Average and variance of
peak intensity of received
signal waveform

Consistency between
average and variance of
received noise waveform

intensity

Consistency between
average and variance of
ranging distance and
intensity of point cloud

Consistency of detection
probabilities

Ensures
sufficient
consistency

Ensures
sufficient
consistency

Ensures
sufficient
consistency

Ensures
sufficient
consistency

Received waveform consistency
(partial)

=
=
t
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o
c
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c
o
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o
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o
()
-
=
o
o

system error [m]

intensity

400
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100

digit

Average of noise waveform intensity
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N e " S

0 10 20 30 40 50 60 70 80 20

distance [m]

Difference between the measured distance
and the true value

—e—real

—e—sim

20 40 60 80 100

distance [m]

Average of the received signal intensity
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Detection probability

Average of peak intensity of the waveform

—e—real

—s—sim

distance [m]

detection probability

0.8
0.6
04
—e—real
0.2 —ea-Sim
0
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[ Improvement of Consistency of Objects with Directivity in Reflection Characteristics ]
Modifying interpolation method of reflection model improved consistency in received signal intensity

Modification of Reflection Model of Object with Directivity in Reflection Characteristics fProneer SOKEN

Background
Image of reflection characteristic non-measurable
measuring apparatus area
light emitting The retroreflection

light receiving part

component cannot be
measured because of the
light source.

LiDAR Required
Area

Challenges

. Receive the light returning
scattered light object in the same direction
of the light source

B Since the recursive part cannot be measured in the measurement for the reflection model generation,
the interpolated value is used.

B With current interpolation method, actual directivity of the reflection characteristic is not reproduced.

B A styrene board was used as one of the objects with directivity in reflection characteristics.

Current interpolation method Modified interpolation method

Incidence angle 0.18 \ Incidence angle

0.16 \ — 60deg
\ — 50deg

- 60 deg
- 50 deg
40 deg
30 deg
- 20 deg
- 10 deg

\ ~ 40deg
012 |\ ‘-\ 30deg

\ — 20deg
— 10deg

Ratio of output power to
light receiving power

o

o+

¥

Ratio of output power to
light receiving power

Before revision of interpolation me(hod‘ | | l
0 simulator input value I s s i

T -80 -60 -40 =20 o 20 40 60 80

o
T
o
£
c
2
=
[9]
2
&=
e
(]
K=
-
=
o
c
.
@
>
()
14

non-measurable area acceptance angle [deg]

w @ 4« 2w o 2 a4 ® o Linearly interpolate unmeasurable
acceptance angle [deg] areas

Improvement of received signal intensity of object
having directivity in reflection characteristic

styrene board with 10% reflectivity
Received signal intensity characteristics due to incident angle

250

200

intensity

S0

Incident angle[deg]

In the modifed reflection model, the reflection characteristics
with the measured directivity could be reproduced.
As aresult, it was confirmed that the received signal intensity was improved.
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[ Validation of Intensity Consistency of Highly Reflective Object ]
Consistency in received light intensity of high reflection object was evaluated

Consistency validation of received signal intensity of highly reflective object Proneer SOKEN

Validation of the consistency of received signal intensity

Backgroun
ackground of highly reflective objects (ongoing validation)

@ Lambert was used as a calibration matrial @ Retroreflective material is used as a calibration material
incidence angle characteristics of the reflection model incidence angle characteristics of the reflection model

18001

B It has been confirmed that there is a consistency difference in received signal intensity
by objects with high reflectivity.

Roads with highly reflective coatings Reflector of the vehicle

1600-|

| 3 I ") I— N— . —

a0 B &0 da .0 0 4 60 L)

Reflection property model

0o d 60 4 Jo b W s e © o

angle of incidence [deg] angle of incidence [deg]

Reflectance in case of facing becomes 2.3 times stronger in (2) than in (1)

B The validation index is the average and standard deviation of the received light
intensity according to the area of the retroreflective material.

.
g Average received signal intensity by area of retroreflective material  Standard deviation of received signal intensity with area of retroreflective material
£ e
7] 2500 800
(7]
3 700
. . . . _ . 2 I ———
Verify whether the consistency improves by changing the calibration material used to N [ 600
. (2]
measure the reflection model = $5550 500
[] = >
- &t =3
g g E 400
< Reflection Model > A £ 1000 real - - real
@ Reflection model using Lambert with low reflectivity for calibration L; sim(lambert) - o~ sim(lambert)
@ Reflection model using highly reflective retroreflective material for calibration £ 500 sim(refiector) 5 = simirefioctor)
g :
= 0 0 L >
0 1000 2000 3000 4000 0 1000 2000 3000 4000
reflector area [mm2] ] reflector area [mm2] \2]
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[ NCAP Consistency Verification - Linear Approach Scenario (Targets: Vehicles (Prius),
NCAP Pedestrian, NCAP Bicycle) ] Target position and size were checked for consistency.

Comparison of target position and size between actual measurement and simulatiofroneer SOKEN W #RIIFAZ

@ Position
A - Consistency between actual measurement and simulation was confirmed.
i - ‘ (Creep) Up to 1m difference
start 10km/h (Creep) |,
A OTarget .
(j;‘ = @ Prius _ &Size
Alphard NP Bl « Pedestrian:
| RS OTarget Angle Consistency between actual measurement and Simulation was confirmed.
= Do° * Vehicles, bicycles:
The measured depth size is longer. The reason is described later.
/-I Target Position I (—l Target Size I ~
Linear approach Linear approach Linear approach Linear approach Linear approach linear approach
Prius NCAP Pedestrian NCAP Bicycle Prius NCAP Pedestrian NCAP Bicycle
0 0 0 @ Simulation 5 Data or:ht?/;r;]?cel;side of 5 5 @ Simulation
: 60 60 d ® Real 4 : 4 4 e Real
ke 50 50 50 - -
?§ Eap Ea Eg ':/é; Ea 53 =% be generally long in
a |* ¥ N < N 5 ¥ measurement
g |&* 2 3> L ki
% 20 20 20 8
o 10 10 10 ! !
0 140 150 160 170 180 Q»m 150 180 170 180 190 :I'Jﬂ 140 150 160 170 180 00 80 DB 80 80
time[s] time[s] time[s]
5 5 5 5 5 5
5| - | ; ol g .
g |5 i sy o |E . E £
= éo!%*nm--—m £, T —— $ o eteet— 5 IJ oal R ’T..a T.a
) é ] i il é ] © EZ o '1.":- H."' - 52 EZ
T 150 180 170 180 e 150 160 170 150 190 e 140 150 160 110 180 %o 20 R’E“ ] W w % 20 -R?OJ 60 80 % 20 REUI o0 8
time[s] time[s] time[s] m m m
\_ Time [sec] Time [sec] Time [sec] /) \_ Distance [m] Distance [m] Distance [m] "/
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[ NCAP Consistency Verification - AEB NCAP Scenario (Pedestrian crossing, Bicycle following,
Vehicle shadow jumping) ] Target position and size were checked for consistency.

Comparison of target position-size between actual measurement and simulation /Proneer SOKEN W EZRIIFAZ

@ Position
* Consistency between actual measurement and simulation was confirmed.
. Up to 1m difference
=1 ®Size
N - Pedestrian crossing, vehicle shadow jumping:
Consistency between actual measurement and simulation was confirmed.
* Bicycle:

Depth size is longer in actual measurement. The reason is explained below.
gs [ .
/—{ Target Position | ~N — Target Size ~N
AEB NCAP AEB NCAP AEB NCAP AEB NCAP AEB NCAP AEB NCAP
pedestrian crossing bicycle following vehicle shadow jumping pedestrian crossing bicycle following vehicle shadow jumping
2 il e ® Simulation ) . ) ® Simulation
c 40 il ® Real 4 4 4 e Real
S 50 ® 5,’\ @
= = — - N — — -
% | Ean E E » | E3 Es £E3
g ¥ ’T‘AD o \‘('\ < % A be generally long in x
= 220 gao H N o | & Ny a P
a . [} @ _ @ @
) 20 5 o S B
[a] 10 - 1 M::' fiE 1 1 ;_‘ .... s
el e
4 ! I 4 i ! 6 6 - " o : il
15 20 25 15 20 25 30 38 n 38 39 40 [i] 10 50 0 o 5 10 15 20
time[s] time[s] time[s] R[mj Rlm)
5 5 5 5 5 5
c 4 _‘x 5 4 ;
K} 3 3 3 \ @ 4 4 4
= N
7} 2 2 2 —
3 _ _ _ @ - - -
g i i 2. © t2 H) e 23
S -2 -2 -2 — = 3 .
-3 -8 = 1 1 », g o 1
-4 -4 -4 @ h‘" -~ &7 g : ‘-‘:'a“':'::‘u -5
_, . - . ‘u"?’-‘: i " il . R
15 20 25 15 20 25 a0 £l a7 a8 a8 40 ] IlJ ?0 30 40 50 0 20 40 B0 ] 5 iﬂ |5 20
timals] tima[s] timafs] R[m] Rlm] R[m]
\_ Time [sec] Time [sec] Time [sec] J \ Distance [m] Distance [m] Distance [m]
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[ NCAP Consistency Verification: Linear Approach Scenario, AEB NCAP Scenario ]
Cause of difference between linear approach and AEB NCAP scenario was confirmed.

Check point cloud of the vehicle and bicycle for scenarios which have differences.
[Vehicle]

In the simulation, point cloud data on the rear side

Real

Simulation

RPioneer SOKEN I BZIHA%

of the vehicle '?ﬁ{'een‘z‘iit‘;”
exists. But it does not exist in the actual value
measurement. Maximum
Therefore, the size in the vehicle depth direction is

increased.

It is assumed that the vehicle model used in the Reflection
simulation was different from the actual intensity
measurement, and that the vehicle value
model with 100% rear glass transmittance was Minimum
used. X=15m X=15m

[Bicycle]

* In actual measurement, high reflection intensity Real Simulation Reflection
data intensity
is observed in the front part of the bicycle. value

Maximum
(Metal, etc.)

« As aresult, it is considered that the size in the
depth
direction of the actual measurement is larger than Reflection
that of the simulation. , inte?sity

value
Depth Size: Large Depth Size: Small Minimum
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[ NCAP Consistency Verification: ALKS Cut-In Scenario ]
Consistency was verified with regard to the position of the vehicle cutting in front.

Pioneer SOKEN I ERNIBAZ
Comparison of Cut-In vehicle position
(traveling direction, left and right direction) Ego Vehicle Cit<in Vehicle
between actual measurement and simulation m

Cutln vehicle
/—‘ Experiment 2 -1 -1: Cut-In vehicle position )—\ /—‘ Exp eriment 2 -1 -2: Cut-In vehicle position )—\

Condition 1 Condition 2 Condition 1 Condition 2
e Simulation ) ® Simulation
e Real ® Real ®Experiment 2 -1 -1 Cut-In

- Traveling direction:
Matching
- Left/Right direction:
Difference of about 0.5 ~ 0.8m

\\ '\‘i.\“\\ AN vehicle position

Traveling direction
position
Traveling direction
position

€®Experiment 2 -1 -2 Cut-In
vehicle position

-Traveling direction:
Difference of about 1.5 m
7 _ Lo : : - Left/Right direction:
"' o = - ‘ o -

)

S P S AAREONC A

‘‘‘‘‘ %50 a0 90 101 “aba a3 ado Ago an .4#.'1:’}
5
P

Left/Right direction
Position
Left/Right direction
Position

'/
\

\ Time [frame number] Time [frame number] j

Time [frame number] Tme [frame number]
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[ NCAP Consistency verification: ALKS Cut-Out Scenario ]
Consistency was verified regarding location of the cut-out vehicle and the stationary vehicle ahead.

Comparison of the positions of Cut-Out
vehicle and stationary vehicles (in the
traveling direction and the left and right
direction) between actual measurement
and simulation

/—‘ Experiment 2 -2 -1: Cut-Out vehicle position )—\

s K

l

Ego Vehicle

Cut-out
Vehicle

Stationary
Vehicle

/—‘ Experiment 2 -2 -1: Position of stationary vehicle )—\

Pioneer SOKEN I4#FRNIBHAZ

Stationary vehicle §

Cut-Out vehicle

- 4 Cut-Out vehicle position
Condition 1 Condition 2 Condition 1 Condition 2
® Simulation ® Simulation ) Trav_erlnq direction:
® Real % ® Real Difference of about 1.5 m
5 5 N\ - Left/Right direction:
B © .
£ 5 B Matching
22 | | 8 N
I - h— . = e e . .
8 i i g | #Position of stationary vehicle
= 1.5m 1.5m N
; — T et - Traveling direction:
p Matching
- Left/Right direction:
Matching
5 s
g 5 "’"’W — %’ gl ~%ww eyt The cause of the difference of
53| Ve . L9 58 ' about 1.5 m in the traveling
% 0_5,?‘*% _ : 0.8m 3 direction observed in both the
e e L' -
| N . Cut-In and Cut-Out scenarios
MMW - - -
* will be confirmed in the future.
\\ Time [frame number] Time [frame number] l/ \\ Time [frame number] Time [frame number] /
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[ Extendability verification: High reflection road surface ] Road surface and white line separation
method studied by validating normal and highly reflective road surface.

Confirmation of malfunctions caused by highly reflective road surface, comparisc‘i‘:,oneer SOKEN

with normal road surface, and study of methods to separate the road surface and white lines

Normal road Highly reflective "Distance vs intensity characteristics" of
surface surface the cumulative road surface point cloud
Higher intensity
on highly
reflective surfaces

Ortho-viewpoint 02-01-pssi-2020~11-23-20~14-14-pssi-far-bag

intensity

On highly reflective road
surface, intensity values of Road surface
asphalt are high. So it seems ' point cloud
to be difficult to separate the Road Intensity Average + 30
road surface and white lines. surface

point —_

cloud
(Green)

=)

=
=
e
5
==
=
@
g
==

Road surface
point cloud

Distance vs
Intensity Average

intensity
characteristic

Green: Road

s ——
surface only

surface onl 5
5 10 15

Rlm]

G[een:_Roa$

Separation of road surface point cloud
and white line point cloud using
“ Intensity separation threshold =
average intensity of road surface
without white line + 3 o "
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[ Extendability verification: High reflection road surface ] Road surface and white line separation

meieshapplietto hightiateiirelivel irad sitiasenandteeasistenmyesiicatian carried out.

road surface.
The number of points in extracted white lines and intensity ratio * are

compared between

Intensity ratio * by [mean intensity of white line point cloud] / [mean intensity of road point cloud]
actual meas*-=~~~- ~= similati=-
Measurement

Simulation

. Road surface
|Road | ot | point cloud
surface | | g - Intensity

point cloud | | . : Average + 30
Intensity |

: Average +|

30

| Road surface
: point clouds
| Intensity

: Average

point cloud
Intensity
: Average

Road surface
Point Cloud
(Green)

Road surface
Point Cloud
(Green)

* Intensity ratio: Simulation is about 20% smaller than actual measurement
*  Number of points in white line: Simulation is 1/10 of actual measurement, which is quite small.

*Reflectance of highly reflective road surface may differ between actual measurement and simulation.
->Confirm alternatively in the consistency verification with the retro-reflecting material

Proneer

SOKEN

Number of points in white lines
(highly reflective road surface)

—ry
——Ea
]
£9
2=
5g ‘\\‘
o < 3 10 20
33
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Distance R [m]
Intensity ratio of white lines
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Distance R [m]
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Verified consistency for the combination of LiDAR perceptual model and spatial attenuation
model due to rainfall

Consistency Verification of Spatial Attenuation under Rainfall-Malfunction Conditions Proneer SOKEN
Consistency between the number of ranging points and the
_ received signal intensity according to the distance
Verification environment Output point cloud of the target vehicle (Prius)

Actual point cloud
Consistency of received
signal intensity

Consistency in the number of
ranging points

Target points intensit
3000 . d ; B intensity
Measured ) Fé?al - Real
. - Sim -Si
environment =0 Sim
o 2000
Wik
2000
8 l 1500
A
: 1160011 e 1 et SRR 1 | 9 R ¥ e 5
_- - 5 | & =
—==2 Sensor-equipped 0 - : i L IR = [ [ [ [ '
= fvehicle ‘ i |
(Approaching from Simulation Point cloud . 500 x| | | A+ A
— 7- ) N L I'm
* Rainfall Amount: 80 mm/h _ I S T I A T T °lo 15 20 25 p 3 a0 a5
! Distance[m] Distance[m]

It was confirmed that the effects of spatial attenuation
due to rainfall were almost consistent.
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[ Reproduction of Malfunction: Investigation of phenomena of rain drop false point due to rainfall ]
Confirmed the trend of rain false point on occurrence, position, intensity distribution by actual data.

Phenomenal Confirmation 8&&&&5%9&

(raindrop false point)

Verification environment

Measured
environment

Company V model (b)

Rainfall
amount
40mm/h

-

False point

PSSl short LiDAR

8 Rainfall

. amount

= o False point 45mm/h
'E‘ 4
[ Rainfall for each particle size] § 2
Small : 20, 30, 40, 45 mm/h 0
Medium : 55, 60, 90,120 mm/h -2
Large :120,150,200 mm/h -4

00 25 50 75 100 125 15.0 175 200

x_axis[m]

In order to reproduce the rain malfunction, it is essential to understand the

phenomenon of false points of raindrops and the effect on LiDAR output

intensity

g under Rainfall Malfunction Conditions

Proneer SOKEN

Investigating the trend of occurrence of false points due to rainfall

1) Frequency of occurrence

2) Generation position

3) Intensity distribution

Company V model (b)

Raindrop size
medium large

Incidence of false point
e
o

Rainfall [mm/h]

PSSl short LiDAR

Raindrop size
0.3 medium large

| —a—whic-board

0.2 —areflector

no-target

Incidence of false point

Rainfall [mm/h]

Company V model (b)

Precipitation: 40 mm/h

1000 {

| frequency

0
0 10 20 3 &40 3 & 0 80 0

distance [m]

PSSI medium LiDAR

Precipitation: 40 mm/h

frequency

T 0 80

distance [m]

PSSI medium LiDAR

Precipitation: 20 mm/h

frequency

intensity

Precipitation: 40 mm/h

frequency
]

intensity

Precipitation: 45 mm/h

frequency

A

intensity '

The higher the amount of rainfall
and the smaller the particle size, the
higher the frequency of occurrence.

It occurs within a distance of 20 m
regardless of LIiDAR model and the
presence or absence of a target.

As the amount of rainfall increases, the
distribution spreads to the side with
higher received signal intensity.
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[ Reproduction of malfunction: Confirmation of the effect of snowfall ]
Effect of snow on LiDAR was summarized and several actual phenomena were confirmed.

Effects of Snow on LiDAR Proneer SOKEN 4 EEIIRAR

1) Effect of snow drop sticking 4) Occurrence of false points by 3) Due to sticking snow on the target surface,
on the front of the sensor reflection from snow drop ‘

reflective characteristics of light changes
o™e

2) Spatial attenuation of signal i.n..

intensity by snowfall

Sm
5) Changes in intensity and detection limit due to

6) Occurrence of virtual images (false points)
snow road conditions (Snow, ruts, etc.) by specular reflection on snowy roads

Actual Point Cloud Data regarding snow effect 5) Actual Point Cloud Data regarding snow effect 6)

Normal road surface (no

Snow road (with snow)

Snow road (rut)

——

i

H ‘ i
: r-ev};_."tm

On the normal e
road surface
in comparison to

Low Intensity
Detect far away

at close range
No point cloud M

?hch-ip-:in-
the ground

Intensity is
High

Intensity
Weak ¢ Strong

@ FT-Techno
Toyokoro Exp. Stn.
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[ LIDAR Model Interface ]
Interface specifications compatible with various type of LIDARs based on industry trends

LiDAR perception input Pronecer

Types of LIDAR optical system Supported LiDAR types

Categorize LiDAR optical systems in terms of
modulation scheme, laser wavelength, and scanning type

Bl Hie i iatn G Frctition B Pulse modulation method is supported.
wave length IR ( CW modulation method is not supported )
scanring retod B Laser wavelength supports near-infrared light

including 900nm band and 1500nm band.

ﬁ‘ : . . B Scanning method supports motor method,
MEMS method, flash method.

rotor scan MEMS scan flash type

In order to reproduce the scanning of various existing devices,

the irradiation direction is implemented as a fixed table

Source : PIONEER SMART SENSING INNOVATIONS CORPORATION . . D |V p
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Outcome

B Measurement and validation methods that support
consistency B Measuring Equipment and
Evaluation Methods
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The reflectance measuring device is designed so that samples can be installed horizontally, so it is possible to
measure reflectance of submerged samples. Based on the measured results, an equation was derived to predict

the reflectance in the wet state from that in the dry state.

Techniques for measuring and predicting reflectance of wet samples

] "‘

Horizontal | /l 2
sample table |

Visible and infrared reflectance measurements
goniometer

Asphalt (wet)

BRDF [sr-1]

0.3

SOKEN

Ryer = (1-7) Z P, Rary) €2k

Water absorption coefficient

Validation sample
(Yellow paper)

----------------
rrrrrrrr

88200000040,

- measurement (drying:)R g,
=== measurement (wet:)R,, ¢ o
000 Wet prediction (conventional)

000 Wet prediction (develop)

500 600 700 800 900 1000
wavelength [nm]
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The reflection point and reflectance at the target of the millimeter-wave radar are visualized by the three-

dimensional scanning imaging radar. This method was applied to the development of CG model for radar and
improved the accuracy of scattering cross section calculation by PO approximation.

AZEZLYYSZBIBU  Nihon Unisys, Ltd SOKEN
Visualization of millimeter-wave radar reflection points MITSUSISHI PRECIION co. LT ys,
Vertical :
Angle O Extracted

reflection point

Horizonta&

Angle ‘\‘\

Direction of
observation

Imaging radar

Camera + Heatmap (@ range=7.7[m] Camera + Heatmap (@ range=8.3[m]

B Camera + Heatmap (@ range=8.7[m] i )
200 ) Camera + Heatmap (@ range=9.5[m] 30
A 200 [
300 i -
300 25
400 5
400 -0
= . 500 A8
9;-: 600 % 50 . e
é w600 s
700 ‘A —— | e
Sy 00 [ i3 \ —45
N 800 ! -0
900 : i
"

1000

T ' T T '_ _ I(KK) - T T T T T l( KK} & T T T L) T B
400 600 800 1000 1200 400 600 800 1000 1200 400 600 800 1000 1200

[pixell Ipixell Ipixel] 400 00 80 1000 1200
[pixell

%00 l x
. —60

Source : SOKEN, INC
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A mobile retroreflectometer has been introduced to measure the retroreflectance of deteriorated white
lines on site. By combining with the reflectance measurement results of multiple measurement
systems, it is possible to create reflectance under various environments.

Combined example of actual measurement data of each equipment SOKEN

-
[
()
S
()
—_
>
(]
®
()
S
Py
]
-—
©
—
(]
0
®©
-l

Full specification measuring

\ system /
4 I

Infrared region BRDF model
extrapolation Fitting
interpolation

Mobile spectrometer
Infrared ray
retroreflective
component

¢

Surface condition eflectance
treatment

wet, roughness, etc.

eqoenty waoas | | BROF model Surtace condition
SG Filter etc F|tt|ng w et, roughness, etc

- J
4 )

Field measurement

Mobile retroreflectometer
Compatible with 905 nm

\I\/Ioblle retroreﬂectometep

e N
Theoretical value
Fresnel type, Lambard reflection,

L etc. )
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We acquired data for conformity verification for scene reproduction, which sensor performance is not
good at, such as perception on public roads, recognition malfunction data, rain, and snow effect data.

SOKEN W#E\INA%Z T2

KaNaGaWa INSTITUTE OF TECHNOLO!

Road failure

Snow Effects
(Tokyo Waterfront City:Odaiba, Metropolitan Expressway C1

(Toyota Technical Center Shibetsu, FT TECHNO Toyokoro Proving

Wy

553 "% o . [} 4 ——

Highly reflective surface Elevated reflection Backlight Validation of spatial attenuation Snow hoisting phenomenon

characteristics due to snowfall

Rain Effects

(National Research Institute for Earth Science and Disaster Resilience)

heavy amount

Validation of spatial attenuation Verification of rain drop White line recognition failure scene ~ Millimeter-wave snow
characteristics due to rainfall adhesion effect accretion effect

Source : SOKEN, INC
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We investigated the effects of rainfall intensity and raindrop particle size on sensor performance, and
obtained findings that the smaller the rainfall droplets, the worse the recognition performance in
LiDAR.

SOKEN W #5\I8A% 72

Relationship between Rainfall Conditions and LiDAR Perceptual Performance

Target vehicle (Prius) Target vehicle (Prius)

S RN Measuring
I B O B A N S e Y O I O i s 7 o W .
A AN i vehicle

NS ES AN ERE AT

Raindrop size small (rainfall 45 mm/h) Raindrop size Medium (rainfall 55 mm/h)

The smaller the raindrop size, the more likely it is to reflect infrared light.

Target vehicle (Prius)

Source : SOKEN, INC . . D Iv p
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We conducted an experiment to verify the effect of snowfall on the sensor performance, and found
problems with the effect of snowfall, such as camera recognition problems caused by a decrease in
contrast between the white vehicle and the snow environment in the background.

SOKEN WM #=IRA% 7D

T7ocC

Comparison of Camera recognition performance

Asphalt Road Environment Snow environment
(JARI Jtown) | (Toyota Technical Center Shibetsu)

Can be recognized as a vehicle from 80m or more in front Recognition is not stable even at a position of 30 m or less

Source : SOKEN, INC . . D Iv p
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We conducted experiments using large vehicles and children's dummies, which have high

user needs.

Heavy vehicle * experiment

ALKS Cut-In scenario

*Hino Profia 12x2.5x 3.8 m

NCAP CCRs(Car to Car Rear stationary)

Escooter

Dummy doll

SOKEN M ERNIFAZ

Night-time CCRs scenario

NCAP CPNC (Car-to-Pedestrian Nearside Child )

Source : SOKEN, INC
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We have started sensor perception and recognition performance verification experiments targeting Heavy vehicles.
In the millimeter-wave radar, we found that the reflection point range of large vehicles is widely distributed in the
front-rear direction of the vehicle.

SOKEN M E=IIMA% T2
Comparison of Millimeter-Wave Radar Perceptual Performance under ALKS Cut In Scenario

% Target Vehicle (Heavy Vehicle) :10km/h
Target Vehicle (GST*):40km/h

Measuring Vehicle:60km/h

Reflection points occur over a
wide area along the length of
the entire length.

* Due to the experimental ri‘sk, the

*Guided Soft Target experiment was conducted at a low speed.

100 100 100 100
ol o  Road Clutter %0 %
P 0r h08e ‘ @ " Y
E 70 1 e - E 70 /é\ 70
e _ | ; ) E’ 60 60
5 £ ' 5 =
C 50 > 50 C .
x - ’ T " Target Vehicle =
N Target Vehicle | \a » 1 \‘;
2 , ol ' N Measuring Vehicle ', e
s ¢ Measuring Vehicle b | \ﬁ ¢ s
) L2 ol \9-@ — 4 ) % @ 2 20 -0 0 1 20 B 4 5 o " . 0 0 2
0 -50 -40 -30 -20 -10 0 10 20 30 40 50 -20 =10 10 20 .
Velocity(km/h) X(m) Velocity(km/h) X(m)

Automobile dummy (Passenger car size)

Heavy vehicle(12 x 2.5 x 3.8 m)

Source : SOKEN, INC, TTDC
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Measurement system was improved in terms of improving the accuracy of GNSS and IMU
and improving the experimental efficiency for any of the previous year's issues.

SOKEN

Examples of GNSS measurement system improvement effects

We reduced the effect of reflected waves due to multipath by adopting a
surveying antenna with a high cross-polarization ratio (XPR).

Nagoya Expressway Underpass

XPR=10dB ) 34.3dBi

(@30deg) Bill Number of
valley observation
el satellites
4S8 [l 16 or more
___ Right-hand circular 11~15
; g Polarization (Major) [ ]6~10
& = Left-hand circular
- - Polarization (Minor) ; e .
: Standard Product Surveying class
standard product antenna Surveying class antenna
Comparison of Satellite Receiving Performance under Difficult GNSS Satellite
Receiving Conditions
. = (Course around Sakae, Nagoya City, no pre-run calibration (Conditions under which the route correction
Other vehicle measurement system improvements fencton is not effective)

- Suppression of abnormal IMU oscillation by countermeasure against conduction noise in the power supply system
(change to an exclusive power supply for the IMU separated from the vehicle power supply)
- Individual HUB system for each sensor prevents data loss due to interference with other sensors

- Improving Experimental Efficiency by Storing Data Directly to SSD (Copy time: approx. 2h/day reduction)
- Data anomaly monitoring software was developed to prevent problems such as latitude/longitude drift and data omissions at the test site.

Source : SOKEN, INC . . i ' IV p
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We have developed software that can monitor the data status during measurement in real time, eliminating the
need to redo experiments and improving the efficiency of scenario creation of measurement data.

Data check software

Error monitoring function

Dashboard = Setup Node Topic Bag Debug Simulation Data
Time GNSS

simulation Time
1643780286.21926

Measument Status
Camera Status
tatitusenast) I total i

aititude(host)
140.0781839 36.07959048  27.26563835

ame  drop frame

GPS Status
fongitutde(host)

PC_0(10.87.134.100]

Lidar Status
rate totat recenve

NodeStatus
ncive  worning
0 o 0 ok = = = Radar Status
TopicStatus }40,0781554 36.07978357 | 0.10000000 e il peckagee’ o Fome)
e o«
DiskStatus Vehicle Status
tme 1ot tree spaceis i =y 5
-38:-8:-41 137321.00 BRI 1473 00000 ooo00 | [GKENEN
weed L spesarR
21.3490  21.4490
tpeed BL speed BR
21.3990 21.3790
PC_1(10.87.134.115) MU
NodeStatus Verocity Status
peve  worning P ¥ z
0 [} 0 oK -0.0060 0.0020 0.0043
TopicStatus Accelation Stat
worniog error % ¥ z
0 0 o 0.0759 -0.0331 9.6002
PC_2(10.87.122.233] PC_3(10.87.134.113)
NodeStatus NodeStatus
actve e phiviy iy oot
TopicStatus TopicStatus
active waming active warnine emor
o o 1o NN o o o | mm

\ =

i
I

Disable camera,lidar,raddar Status

* GNSS failure (Latitude-Longitude Divergence, Missing)

- Body information (velocity, yaw, roll, pitch)
- IMU error (Acceleration, Latitude Longitude)
- Data communication error between PCs

Debug function

Measuring vehicle

SOKEN

Jtown, Odaiba and Metropolitan Expressway C1

map compatible
Dashboard Setup Node Topic Bag Debug = Simulation Data
/home/soken2/Map/jari_jtown/divp_Map_JTown_simple.fbx Load files Yaw H 1.4808781274
Roll : 0.0000000000
Pitch 0.0000000000
latitude : 36.0797354275
longitude : 140.0781990197
altitude : 27.2313842773
azimuth : -184.6325372429

2,500 2550 2.600 2,650 2,700
message count

2,750

2,500 2,550 2,600 2.650 2.700
message count

~  X:8300.00 Y:-21830.00

Rviz rqt FixPositir jtown

2,750

= 1.000
draw path clear path position ' host target target2 EI auné
@

reset cam v Fix Z Axis Graph Disabled E 200

100 -80 60 40
reload node | Disable

A J \

20 o

J

! |
Traveling locus on MAP

Latitude Longitude, yaw, roll, pitch

Real-time display of the vehicle, target location, and travel route, which have had
many troubles, on the scenario MAP, so that the presence or absence of data

differences can be seen

Source : SOKEN, INC
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Outcome

B Measurement and validation methods that support
consistency

B Standardization of consistency
evaluation methods
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The DIVP® results have visualized by integrating and systematizing the methods
of experiments and measurement used to be developed the DIVP® model.

The flow of integrating and systematizing the methods of experiments and measurement 7)
Trroc

Real Target Real space Real machine sensor Integ ration

Measurement

Environmental model Rendering model Sensor perception model

[=
=
539
5 O
£E=
[72]

Integrate and systmatize measurement information for modeling the environment, interspatial propagation, and sensors.

Main purpose of integrating and systematizing experimental and measurement methods

- To clarify and record measurement contents and conditions
- To ensure traceability between models and verification results and measurements
- To establish Standards for DIVP®

Source : Toyota Technical Development Corporation . . D I v p
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The DIVP® results have visualized by integrating and systematizing the methods
of experiments and measurement used to be developed the DIVP® model.

List of experimental and measurement methods for modeling

List item settings

Excerpt from the list

rroc

Modeling parameters
Model Requirements
Asset to model
Experimental name
Experimental purpose
Instrumentation

Object to be measured
Related sensor
Environmental condition
Measurement condition

Instrument/Spec

Equipment, Jigs, and
Specifications

Methodology Overview

Implementer

Proof-of-Calibration
Allowability

Data storage location

Challenges

Parameters to be measured in the model in DIVP®
Required accuracy of measurement

Apply modeling parameters asset

Experimental nomenclature

Purpose of the experiment

Measurement method, units

Sample or target to be measured

Camera, LIDAR, and Radar target sensors

Environment settings for measurement (location and
laboratory)

Setting conditions of the measuring instrument

Measuring instruments and performance (Resolution,
accuracy, etc.)

Trial equipment, jigs and their specifications
Outline of measurement method and precautions
Person in charge of measurement implementation
Measurement and modeling challenges

Data storage location LINK

Measurement and modeling challenges

Study and develop necessary information for
experiments and measurement methods

Road surface,| Visible and near

Measurements to Obtain

wh|t‘e lines, | infrared Characteristics of Visible Sample Camera
vehicle reflectance . BRDF . .
(White precision Light and Near-Infrared piece LiDAR
Glass) measurement Regions
\N/?:r;\ge Visible light Visible light reflection
(PSSI) NCAP reflectance ot ot oot b potg LIDAR
Visible and near | 1 nm unit Dummy measurement | OP/€Ct that cannot be
infrared light measurement (SSS) | Bicycle precisely measured
reflection £ 5% or Less Measurements to obtain
(Equipment Specular specular reflection
Specifications) reflection characteristics for objects | Gross Spot goods | Camera
characteristic that cannot be precisely Value GU polg LiDAR
measurement | measured and for objects
that are glossy
For objects which cannot
Retroreflectiv | Simple be precisely measured and | Retroreflec
e material retroreflectance | which have retroreflective | tance Spot goods | LIDAR
white line measurement | properties, measurement to| (cd/Ix’m2)
obtain retroreflectance
\N/%T;e Radar Equation (Distance Permittivit
Millimeter-wave dumm Millimeter-wave | Quadratic Measurement): (F/m) y Sample
. None Y scattering Measurement for the PO | >amp Radar
scattering NCAP A Permeabilit| piece
measurement | Approximation to Create a
Dummy Scatterer Model y (H/m)
Bicycle

Categorize target assets and experiment methods by modeling parameters

Source : Toyota Technical Development Corporation
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The DIVP® results have visualized by integrating and systematizing the methods
of experiments and measurement used to be developed the DIVP® model.

Brochure of experimental and measurement methods for modeling -~SEZLyzazmxan

List of creating catalogs

[Precision Measurement of Light Reflectance]

Measurement condition Measuring instruments and equipment used

B Measured wavelength: 360 -1100 nm B Fiber light source: 390 nm to 1100 nm
Incident angle: 0 to 90 degrees B Monochromator spectrometer: 360 nm to 1100 nm, resolution 0.9 nm

]
B Lightreceiving angle:0° to = 180 ° B Goniometer: Resolution 0.1 ° , Positioning Accuracy 0.1 ° , Reproducibility 0.01 °
B Angle between light source and light

receiving
Retro-reflections: 0 degrees
Reflectivity: > 10 degrees
B TOM SURVEY: BRDF [sr -]

Measurement scene
-

Outline of  The jight source is moved and fixed, and the light . .
measureme yecejying section is scanned repeatedly. Transmitter-Receiver
nt system probe

— ~

Light -
receivingA - !
part /7 ~ N
4 AR N
/ \

f—!\ : :], !

Measurement data of the proposed method

BRDF: bidirectional /’ \\ 0.8
reflectance distribution / \ FT.‘ | ], Measurement data of AIST
function o = . :
! 1 = 25% Diffuse 75% Diffuse
Luminance (1) - E i reflector reflector )
Illuminance (1) : 4

600 700 800 900 1000
wavelength [nm]

Displayed instrument information, measurement scene, etc. on
one page to be able to get an overview of the measurement at a

glance.

7D

TTODC

=R 7L 7arikiat

SOKEN

Precision mesurement of light reflectance
- Simple measurement of light reflectance
= Millimeter-wave scattering and reflectometry
* Millimeter-wave RCS measurement
- Map shape measurement
- 3D model geometry
- Rainfall and droplet deposition experiments
- Snowfall and snow accretion experiment

[Map Shape Measurement]

Measurement condition MMS mounted measuring
B Measurements: point instrument
clouds B GNSS
B Coordinate precision: B Camera
10 cm B High Precision IMU
B High precision laser scanner

Measurement scene

Measurement point cloud data

Source : Toyota Technical Development Corporation
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The DIVP® results have visualized by integrating and systematizing the methods

of experiments and measurement used to be verified consistency of the DIVP® model.

Flow of stabdardization of experimental and measurements methods for consistency verificationﬂ

Basic verification

NCAP
Validation

Failure
verification

Scalability
assessment

Expansion of
phenomena
to be verified

Expansion of
phenomena to
be verified

Expansion of
Improved
consistency phenomena to
Cycle be verified

Establishment
of a method

Establishment Establishment Establishment
of a method of a method of a method

Troc

Consolidation and
systematization of
information

DIVP® Standardization

Consistency verification is performed within each verification step of basic verification, NCAP validation,
failure validation, and scalability validation.In the course of verification, measurements will be brushed

up and established as verification methods, which will be made the DIVP® standard.

Main purpose of integrating and systematizing experimental and measurement methods

- To clarify and record measurement contents and conditions
- To clarify relationship between JAMA adverse factors and verification

- To ensure traceability between models and verification results and measurements

- To establish Standards for DIVP®

- To establish foundation for proposing of safety assurance method for autonomous driving in virtual space

Source : Toyota Technical Development Corporation
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The DIVP® results have visualized by integrating and systematizing the methods
of experiments and measurement used to be verified consistency of the DIVP® model.

List of experimental and measurement methods for verifing consistency

List item settings

Excerpt from List (Millimeter Wave)

7D

rroc

Experimental section
Experiment No.
Experimental name
JAMA failure phenomenon
Bad classification

JAMA Request

Sensor model

Objectives and items to be
verified

Outline of measurement
Object
Measurement environment

Measurement condition

Consistency verification
analysis

Data storage location

Experimental section in DIVP®
Number within the experimental section

Experimental name for consistency verification

Tsu superphenomena in the corresponding JAMA
malfunctions system

Number of the problem

JAMA validation number

Target sensor, model

Purpose of verification, Items

Outline of measurement procedures, etc.
Target during measurement

Location and equipment when measuring

Conditions such as vehicle speed during measurement

Consistency verification Analysis Status

Storage location of measurement data and verification

result data

PV

PV

BV

BV

BV

11

1-1

1-3

Reflection intensity
decreases due to the
shape, size, or posture| M21
of the object to be
recognized.

Target Quiesce

Distance _
Direction

Prius Stationary
_ Bearing

Linear
separation

Corner
separation

Multi-Path fading due

to road surface M22

Linear approach

Radar0-7
Radar0-8

Radar2-6
Radar2-7

Camera
LiDAR
Radar

Camera
LiDAR
Radar

Camera
LiDAR
Radar

Camera
LiDAR
Radar

Camera
LiDAR
Radar

Static detection
distance verification

Static detected
azimuth verification

Dynamic target
detection distance
verification

Verification of
dynamic target
detection orientation

Verification of
Detectability of
Dynamic Stationary
Targets

Position the target in front of
the sensor and measure by
changing the distance and the
direction of the target.
Camera ISX019

Measured in front of the
sensor at different levels of
target distance in the lateral
direction

Measuring the state in which
the vehicle in front of the
sensor is moving away from
the sensor in a straight line
Measure the state of the
vehicle in front of the sensor
as it moves away from the
sensor along the corner

Measured in a situation where
a vehicle equipped with a
sensor is approaching a stop
target

Collect and develop the information necessary for
experiments and measurement methods

Status

To Next year

= Will be added about 30 items in experiment

- Total number of experiments: currently 105 experiments

Source : Toyota Technical Development Corporation
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Outcome

B Scenario DB for sensor validation

190
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Create database to extract sensing weakness scenarios from database and generate sensor
weak point logical scenarios with high validation priority.

Sensing Weakness Scenario DB Concept

I (BRNIBEAR

Sensing Weakness Scenario DB

Expert .
# Review of

Knowledge

knowledge Geometry Condition Scenario

Past Defects

. Sensing weakness events;
experience event

Fatal

Traffic flow

Sensing weakness
analysis Priority,

Scenario

(FMEA) Tag Item
>\‘requency of occurrence

DIVP®

Geometry + Properties
Condition Scenario

DIVP®
Sim Results

experimenta
| result

<Y Sensin
e i S f T ® . (o]
Data ' Weakness event search Tagging — Statlstlc':al DIVP® Scenario Tools weakness
Near-miss AD-URBAN aggregation processing Scenario
DB FOT Extraction of Conversion to quantitative T " Add scenario conditions under which
: . . Statistical analysis of )
Aggregates sensor/vehicle/ambient values that characterize conditions under which sensing weaknesses can occur to user-
measurement environmental data in weak events, the specified traffic flow scenarios
: . . weak events can occur
AT data and public the event of a environment, and the object
Naturalisti DB information \weakness event of recognition Sensing weakness
%‘:iﬁr:z ¢ Accident Ve guessing engine
. Data
Studies
S . Sensing Sensing
i
o Data Lake
e A A RIS Weakness A
Weather Map event database Logical Scenario
mforg;tlon mforg;tlon Parameters test designer
R G automation range

_

Source : Kanagawa Institute of Technology
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Constructed prototype sensing weakness scenario DB that automatically searches sensing
weakness occurence from Odaiba travel and statistically obtains the occurrence conditions.

C T | (BENIRAY SOKEN V@ SOLIZE 77?,[

Sensing Weakness Scenario Database

T

_______________________ N

L2

A \

I
| | i !

I I I
! Weakness event : —— | :
Experimental ; search Statistical Scenario i zllizEiion - | AD/ADAS o i Scenario !
measurement Experimental data | | processing | | Generators _:’ scenario ] PP system "| Sim Results [ optimisation :
! tagging I Logical | !

I 1 I
SOKEN 3D ) TRIAS 1 8® | > |
L7 % soLizg B(EEIIRAT e ) P DIVP (C I g/ |
1 TTOC : 1 1 TTOC |
D . ¢ SOLIZE - | |
T17D0C : __________________________________________________ : :________________!

N CERINITRAY

Verification using DIVP® to see if a sensing weakness actually occurs based on scenarios derived from the database

Source : Kanagawa Institute of Technology . . D IV p
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Scoring was performed for each phenomenon to determine priority of targeted sensing
weakness scenarios.

Scenario Priority Review #@ SOLIZE

+ Weakness phenomena of each sensor are scored on the basis of "lethality/impact” and
"necessity of simulation”.

» Score for weak point phenomena of each sensor = Severity and impact of weak point
phenomena x Need for simulation of weak point phenomena

+ Severity and Impact of Weakness Phenomena: Three-level assessment of the impact of
weakness phenomena on safety assurance

* Need to simulate weakness phenomena:The superiority of simulation over real machine
validation (Cost, repeated validation, etc.) is evaluated by three levels.

Determining priority scenarios based on Odaiba data collection
volume->Set interim frequency

Camera

B — o : + Misrecognition of reflection by mirror surface
R - e — » Misrecognition of reflection by glossy finish
B S 1T N R T —  Decreased recognition due to local strong reflexes
EE i 4 | = [pomommmazeon | @ [mrasoncas + Cognitive decline due to snow
Ea ; s wemon O T » Misidentification of lot line due to road repair remains, ruts
Sl ] EEr—— 2 T+ o s and shadows
Tt ey rm e LIDAR
ENT ’ e 2 [ e[ [omons + Loss of recognition due to low reflection due to shape
e e N LarsnT e * Decrease in recognition due to low reflection from
e ; e AL materials
EOT . 2 [ e T [orsrescas *+ Loss of recognition due to low reflection from dirt
EN " e YR - b T e - Decreased recognition due to black or mirror surface
e pe jesn ° e ol o s « Decreased recognition due to size and posture
[l oo D T o | 4 ZEZ:K @ fowwas Millimeter-wave
ECTT : e e TN TR + Decreased recognition due to road surface clutter noise
4 ° tm T B « Misrecognition of wall multipath ghosts
E i TSR RO e o | 8 | e t T * Misrecognition of track multipath ghosts
ENGT s s s T | e v |4 e o e + Loss of awareness due to rain and wind-up

* Recognition lost by slope

Source : SOLIZE Corporation . . D Iv p
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Conditions necessary for expressing sensing weakness scenario were identified, and

information (tag information) that need to be derived from the driving data were organized.
¥@ SOLIZE

Tag structure study

A tag structure with the following features was constructed to accurately represent the situation (scene) at a specific time.
* Maintain a certain level of abstraction that can be tagged by humans or Al
* Relative position representation centering on the vehicle

* The sensing weakness phenomenon is described so that the difference from the reference data can be expressed.12

Entity and Phenomenon Classification in Sensor Weakness Domi

position Strong reﬂeXeS

Entity
— Scene Traffic participants (Controllable Entity)
*Information required for scenario development Person
NCAP Dummy Person
— Roads
ouble Lane 1 Posture
ouble lane Lane 2 Other
| O car f 1 squatting
Misrecognition
Lane 2 ; g fa”en.
Be on the road e standing
60km/h Age
Track Other
Child
Be at rest Lane 1 Elderly
(T T 1
— Road sign "Stop.” —! Sun | : :
o ) Walking a bike
Be anterior to Own car {7 White 1 In a wheelchair
Relative position I_ _S_kl_pBng_ ) Vehicle
Be located in the Shape
upper left Roads Other
T
Sun runk open
Door open
Be located posteriorly Own car Type
. Other
Height
Is towing
( White skipi 1 f . Truck
R RPN S Examples of cognitive decline due to local
Generation Flat Truck

Source : SOLIZE Corporation
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By reviewing the specifications of Sensing Weakness DB, more than 200 representative data
on Sensing Weaknesses were searched and listed.

Search for representative Sensing Weakness data 9
Trroc

Image at the time when Sensing Weakness occurred

2020-11- ‘ et Table. Principal items in the representative data list of Sensing Weaknesses

@ =

Target object detection target

Tag information on Sensing Weakness

Weakness Tag phenomena/factors/principles

Description Detailed description of weakness tags

URI of the image indicating Sensing Weakness

Extract Data URI .
phenomenon (perception)

Display time Time when the Sensing Weakness occurred
Recognized Extract Data | URI of the image indicating Sensing Weakness
ios URI phenomenon (recognition)
Figure: List of representative data of Sensing Weaknesses recognition result Recognition Error Classification

Source : Toyota Technical Development Corporation . . D I v p
195 FY 2021 _ Year-end report .



Planned a public road experiment to be conduct in Odaiba last June, where test patterns and driving
routes are determined by being based on both expected number of Sensing Weaknesses and
attributes of past tests. Regarding typical data of Sensing Weaknesses, see previous page.

Planning and participation in experiments (Odaiba) ﬂ

Table. Sensing Weakness frequency/test sheet

g / e
: . : z e — ; Bt =RE a-x n—t LEmEMESE  vATAR EUE pEENY  ERHEO¥

Table. Pick up attributes from previous studies

2020/11/26 8= A EE 0 0 0 0 ]
2020/11/26 & A FE 0 0 0 0 0
2 8 A e 0 0 0 0 0
A FiE 0 0 o 0 0
A i 0 0 0 0 0
¥ A mE 0 0 0 0 0
g 8 =i 1 0 0 0 1
x -] Ead 1 0 0 0 1
8= B EEEH 0 0 ] 0 0
8 i) o 0 0 0 0 0
-] Cc1 b 3 3 1 2 0
Ly c1 » 3 3 1 2 U.
T e w— : 3 : :
| ] 14 12l | (1 | 2|
AT Cliowey' (P el B b e owil i Sy
Table. List of representative data of Sensing Weakness Table. Sensing Weakness/Test Attribute Matrix Figure. traveling route
..... Table. Test pattern and expected number of sensing
weaknesses
nasm, BimyEs? » f\iff“ifﬂi::&" 6B15E| 6F 157?:' c?fli"irérélaié‘*eﬁfaﬁilﬁiﬁénﬁ"ﬁ?ﬂ21‘!‘75:'2'7? " 6A23H| 6H24H| 6A25H
*'.' :',; ) I
| i 830 |
= | %00 |
9:30 |
® ciom b | 11:30 b Ew | I T 08 / y
T - F .,.,. i ; ol arris = & : . L. = i e S 12.:00 T T | T w ‘“‘_‘
| | [ ECE | | | | i X i
5 = B= R - L | SmsoansEr RS Fi 13:00 | L e :
o P " T ; BEEA G B B R, awa : 30 ! - : - ! 0 I“II m: "_;\ "
T T s AN o Ty B b 20— ! : III"I.III A

Source : Toyota Technical Development Corporation . . D I v p
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Prototyped algorithms to automatically search for Sensing Weaknesses in the perceptual or recognized

output of each sensor. Tagged information semi-automatically in various ways(e.g. by accessing public
informations such as weather data)

Process flow from experiment data to Sensing Weakness DB 7‘ '
T1ocC
Weather and map information
Experimental data Video clip of Sensing
(Camera, LiDAR) Sensing Weakness Search Al Weakness occurrence
Video clip of Sensing
Weakness occurred Sensing Weakness
— DB

——Pata Format

Taqai
agging Conversion

Label data of the

N o 3 L ‘ q - “" -
N Sensing

="} Weakness — e
extraction i i
(Halation, e ——— |
Black Spot, n -/
Recognition 2 /

Semi-correct answer label error) //
(for recognition) g -/"
b ol

Sensing
. . Weakness scene
Information on Sensing (json)
Weaknesses )
Screen
- e » ]
—— n S TagiList
[— = i

Source : Toyota Technical Development Corporation
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Focused on sensors' perceptual output besides sensors' recognized output, clarifying Sensing
Weakness phenomena, factors, and principles. Studied search methods, limited to six types of

Sensing Weakness.

Extract of Sensing Weaknesses definition(red frame: for this year)

State of the Perceptual output Sensing Weakness

Determination

sensor

Sensing Weakness
Phenomenon

Sensing weakness
Factor (Example)

Sensing Weakness
Principle

different from the assumption.

Abnormal - Sensor failure (# Sensing - -
Weakness)
Normal Inappropriate intensity of reaction | Perceptual Weakness White Out Backlight Low contrast
Black Spot Black object Low reflectivity
Clutter Rain Low S/N
The position of the reaction is Ghost Tunnel Multipath

State of the
sensor

Recognized output

Sensing Weakness
Determination

Sensing weakness
Phenomenon

Sensing Weakness
Factor (Example)

Sensing weakness
Principle

Source : Toyota Technical Development Corporation
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Abnormal - Sensor failure (# Sensing - -
Weakness )
Normal Found in semi-correct answer label but not Cognitive Weakness FN Night Low contrast
in recognition
Found in recognition but not in semi-correct FP Shadow Similar Hue
answer label
BBOX position differs between semi- Low loU Headlight Contrast difference
correct answer labels and recognition
Class differs between semi-correct answer Class error Wagon Similar shape
label and recognition

%’ DIVP



Developed an algorithm to automatically search for Sensing Weakness (e.g., white out)
in the perceptual output of camera.

Searching for White Out areas(Camera) Confirmation resulit 9
Based on the following analysis of the luminance values, divide into grids by Detected the white out(yellow frame) caused TTDC
the specified number of divisions, and use the average luminance value of by backlight (top) and contrast degradation(bottom).

each grid to determine white out phenomena.

B Luminance maps(right) and histograms(left Areas of high

bottom) to check thresholds brightness (.> - 2.40)
and low disperity

Distinct difference in
distribution between
the top and bottom

.. 2x3 Luminance di_strjbution f
of the screen

Source : Toyota Technical Development Corporation
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Developed an algorithm to automatically search for Sensing Weakness(e.g., black spots)

in the perceptual output of LIiDAR

Searching for Black spot areas (LiDAR)

Convert to 2D grayscale image and search for black spot areas
from luminance distribution by extracting point cloud position and
reflection intensity based on LiDAR recognition data

Figure. 2D Grayscale Image (Black: High Reflectivity, White: Low Reflectivity)

Confirmation result 9

Detection of black spots (blue border) including black cars INN) B

The blue frame is the -
- _—ﬂ-’
B black spot part. S e .

S / 5 - :=_

Figure. Black Car and Black Spot

Source : Toyota Technical Development Corporation
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Developed algorithms to automatically search for Sensing Weakness(FN, FP, Low loU, Class
Error) in the recognized output of camera.

Recognition results are compared with semi-correct answer labels generated by using
another object detection model. Afterwards, the error data are classified into four types of

Searching for Cognitive Weaknesses

errors in which "low loU" and "class error" in addition to FP and FN.

Table. Types of Recognition Errors and Decision Methods

Confirmation result ﬂ
TT1DC

Checked the following four types of recognition errors can be detected.

Recognitio

Definition Decision method
n error
EN Target is undetected If BBO?( of recognized data is. nlot.found in tl?Ie vi::inity of BBOX
of semi-correct answer label, it is judged as "FN".
Ep Part of the background is If BBOX of semi-correct answer label is not found in the
recognized as a target vicinity of BBOX of recognized data data, it is judged as "FP"
The position or dimension of the | The BBOX of semi-correct answer label closest to the BBOX
Low loU BBOX of the target differs greatly | of recognized data data is paired, and "Low loU" is judged
from the correct one if the loU is less than 0.7.
The BBOX of the semi-correct answer label closest to the
Class Error | Target is missclassified BBOX of the recognized data data is paired, and if the class

does not match, it is judged as a "Class Error".

"loU", an index for object detection, is used for error determination

loU(Intersection over Union)
= Area of intersection / area of union

B: Correct BBOX

0 W 0 00 a0 00 w0 "o 00

Figure. Example of FN, FP and low loU. * All of them can be detected.

Source : Toyota Technical Development Corporation
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Constructed database that stores data by adding predefined relationships to automatically

calculated tag information

Define and develop tagging data based on scenarios

@ SOLIZE

‘SenservieatnessDaty

+ percapbon_error Percaptonror

#tvcoguition_orror RecogibonEror

+ ega_enicis: Egovshicts

+ hics: el |
+pecple Persen]|

+ Giataces: Obatocl
 alic Jghs:Traicligh

+ rourds: Road]|
+roadside_structes. RuadSdoSruchre(]

+ ormod_sinchma OremodStuckre] |

+ shecbjects: SkyObject

+ weathar. Weater
* illuminatons. Buminaten |

|

et tpn fah

a) Class modeling of tag information required for

scenarios (from the viewpoint of Sensing
Weakness search Al)

B EE SRR ED

(B EE S e

b) Tree structure of tag information

< Point >

Some tags, such as Sensing
Weakness, are automatically
attached, but others are
manually done.

27

TTOC

c) Development of Sensing Weakness data

Tixaso”,
80,0.1.!

9 5951, ¢
[0.0,0.0,0.0]%

LIDAR",

“Velodyne YL§1287, ¢
7 " [-0.226,0,2.281],+
:”U ) “sensor_angle™: [0.0,0.0,0.0)+

Tag information for the scene (.json)

Video clip of occurred scene (.mp4)

Source : Toyota Technical Development Corporation
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Attempting to find location of sensing weakness using semantic segmentation. Identify
similarities via learning model,assuming that errors occur when contrast is insufficient

Estimation of Sensing Weakness by Semantic Segmentation 1 BFIIHAZ

NETITUTE OF TECHNOLOGY

50

Low contrast regions
extracted from moving image
frames

Pedestrian

Possibly undetected pedestrian due
to lack of contrast

0 50 100 150 200 250
Source : Kanagawa Institute of Technology . . D Iv p
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System for generating logical scenario combining traffic flow scenario specified by user and
sensing weakness scenario obtained from database were devised.

Sensing Weakness Scenario Generation Flow

The event DB and the inference engine do
not necessarily need to be connected when

Statisti

Sensing cal
Weakness proces

event DB sing

Multivariate analysis, etc.

_——

Measurement Driving condition tag igt:;?{:&etr;tgl the multivariate model is created.
Data Tag A Tag B | Tag Alphal Tab beta
Data 1
Data 2

Camera
backlight

Millimeter-
wave
Ghost

LiDAR
black car

Multivariate model image

f(Running condition tag, environmental condition tag) = weakness

probability of occurrence

B E)ITRAR

KIAINICIWA NSTITUTE OF TECHNOLOSY

Geometry Condition Scenario

@ Output test scenario data by combining driving
conditions and weak point event occurrence
conditions

@ Enter driving conditions, environmental
conditions, and parameter values for the

weak point event to be evaluated

< DIVP® Scenarios t00| pee——— : ’ DIVP®-PF

@ Receive the probability of
occurrence of the assessed
weakness event

Output Model Image
f(environmental condition tag) = weakness
probability of occurrence

® Simulate test scenario
with DIVP® -PF.
validation.

@ Create driving
conditions

User Tasks

@ Example of creation of driving conditions) Traffic flow scenario, experimental data

@ Various parameters of the weak point event to be evaluated are input to the estimation
engine.

@ Receive the probability of occurrence of the assessed weakness event

@ Test scenario output in combination with driving conditions and weak point occurrence
conditions

® Simulation validation of Test Scenarios with DIVP® -PF

Source : Kanagawa Institute of Technology
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Created sensing weakness event DB and I/F for input/output of database after examining
content and structure of tags necessary to represent sensing weakness scenarios

Sensing Weakness Event DB and Surrounding System Structure

@ SOLIZE

Based on the tag structure examined, the prototype of the sensor weak point event DB system . . .
The following traffic scenarios are assumed
was mounted. » DIVP® Existing Scenarios
Featu res * SAKURA Scenario Database
- . . i . » Capture scenarios with external scenario
« Adoption of an RDF database that makes it easy to express the complex relationships of generation tools
tag structures _ _

«  Multiple interfaces tailored to input and output characteristics AraificilowSeenario

Input: JSON format that provides a representation of tag relationships
Output: CSV format for easy statistical use

Assigning information tags Estimate the conditions

: ! . Generation and selection of
e deis necessary for reproducing sensor Sensing weakness event under which sensing scenarios to be simulated SDM Generator
weak point phenomena to actual Database weakness is likely to based on the estimated results
measurement scenes occur
Data extraction interface ‘
{" o . JSON Tag Input for estimating sensing .
t'!‘sg!:op:_'a“r:n{cnpants o Interface weakness occurrence =0E) =oE) Lili 3 .,
"is_nc:'_-:p_dummy": 0, : probability 5 g %ﬂ 7 X
"action": “stand", 5 g iy Hl g
"age": "adult" a 5 :3 _E\
}I -
"vehicle": {
y additional_status": “other S-S | KA g g
}
¥

Source : Kanagawa Institute of Technology
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The algorithm (the sensing weakness estimation engine) that extracts the condition in which sensing
weakness occurs is defined by regression model learned from sensing weakness event DB.

Sensing Weakness Estimation Engine Image € BF) I IRIAE

KINICTWE INSTITUTE OF TECHNOLOSY

Weakness event scene to be evaluated
Driving conditions and environmental

condition parameter values

ing
weakness B L ogistic regression analysis Regression
event model

v

Probability of occurrence

— of assessed weak events Tag B
(0~10%) A
Narrow down relevant explanatory variables
(Backward Stepwise Method)
\ L J o )
Tag information (target and explanatory variables) Partial regression coefficient, p-value/z-value, AIC (Akaike Information K
Criterion), = - - 9

o . 90%
er-specifi esticenarlo output range

1.0 I

" Lexpl-(by Xy +by Xy +++-+b; x; +by)| §

0.8 (]

50%

10%

0.6

Tag A

0.4

0.2

0.0

Source : Kanagawa Institute of Technology D I V p
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A prototype GUI application was developed to efficiently create sensing weaknes scenarios
in tandem with sensor weakness scenario database using traffic flow scenarios as input.

Scenario Generator

Base scenario creation (user initial conditions)

CPNA 50 at Aomi 1-chome |

| False recognition of projection I

NCAP CPNA50 |

White Prius

Black alpha

Black leather pedestrian

5 km/h

Screen design

Constructed prototype

|
|
30 km/h steady speed |
|
I

Add Traffic

Participant

| Odaiba Akibare |

v ETE
v R
s

v E2H(SA-F (EE)

v BB/ SA- (EE) |

BAPILI7—F

B

30.00km/h
40.00km/h

| BHERETS |

A
IRHAERES S
5.00km/h

( BHERETS )

| IRHERETS )

@ SOLIZE

Grouping of scenarios and confirmation of the probability of sensing weakness occurrence

| Scenario narrowing search window |

Group 1 | CPNA 50 Scenarios for Searching for False Detection of Reflection I
SNOE;,?? Notes

: i

Scenario Deployment with
i Configuration

Group 2 I Scenario for searching for erroneous detection of Cutin reflection I
Scenario Notes Ten
—
Scenario B I I I 30% I

False acouracy rate of
reflection

| Add Existing Scenario | | Create New Scenario |

false acouracy rate of
lection

Screen design

Constructed prototype

= L1
| Add Existing Scenario Il c ¥ Group 1
—[ IN—TH | Group 1 | N—TiRB | Group Description for Group 1
— Lg_yg am ) @g}mg 1!:;! S B (halation) W% |
_“’“ID \Group 1 Scenet BUTLTT— NCAPHTES S — ]
7. —| T =—
Add Existing Scenario Cre‘GmuD 1 Scene2 BUTILIF—K NCAPHITES = i 84
Group 1 Scene3 NCAPERES = — NCAPH{TES =— B A
Group 1 Scene4 NCAPEREEBS = — NCAPHTESY =— i
Add New Empty Group r Y Y Y
DIvP XML | | SFusiBm || SFTUARE | | RERECSESTUARME| | ESUBRE | DIVP XMUED
V¥ SFUAIN-T B X
| ¥ Group 1
| I—T8 Group 1 ‘ I—TiRB Group Description for Group 1
[z—== Bm BT B &MY (halation) HE
v | Group 1 Scenel RUFILI7 =K NCAPH{TEA =~ B AN
I =4 | Group 1 Scene2 BUWPLIF—E NCAPEITES =— R
= = | Group 1 Scene3 NCAPEIEIS = —  NCAPHETES =— Lt
o 5.00km/h | Group 1 Scened |NCAPEIFRRS =— NCAPHFHEY =— i #
10.00km/h | zrustiem || sHUdmE | RERECEISHUARN | EOUBARE || ovexuubn |
| T —T BN |

Source :SOLIZE Corporation
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Designed, prototyped, and validated application searching boundary conditions (edge case
scenario) within the scope of the generated sensing weakness logical scenario

Scenario Exploration (Optimization) 7’
p L B B B B B B B _§ ]|
: : = | I TTDC
Guessing engine . Sensing Scenario
Sensing weakness (Statistical > ggsg;gr I weakness » DIVP® ASD /QSQS > Sim Results : exploration 1
event DB Processing) logical scenario y I (Optimization) :
a J a__ |
¥@ SOLIZE B #=IIRA® ¢® SOLIZE e I 7 B
/ S e DIVP (I = 7 Tl
Multivariate model image Scenario Exploration (Optimization)
f (running conditions, environmental conditions) =
weakness probability of occurrence An optimization method is used.
DIVP® scenario for generating sensing weakness phenomena for
Example)Camera weak point "Halation phenomenon" validation indicators
Conditions (Driving conditions and their ranges, where the Automatic search for (values for driving conditions, values for
occurrence of halation is high, environmental conditions)
Estimate environmental conditions and their range)

Example of scenario exploration (optimization) Identify the worst
Purpose : Probe a scenario in which the camera recognition “loU rate ” becomes R conditions quickly and
. « C accuratel
low due to the weak point phenomenon™ halation
Seek Parameters : Determined by the inference engine (Driving conditions and ranges,
environmental conditions and ranges)
Validation index : Camera recognition loU rate (calculated from Sim result)

Source : Toyota Technical Development Corporation
208 FY 2021 _ Year-end report




Data analysis tool equipped with display/analysis function of DIVP® output and function to
derive effective scenario condition based on user-defined validation function was examined

Data AnaIySIS Tools (TTDC OptIMISter) — Can be checked in conjunction with chart cursor, movie, and data time. 9
= - o T7TDC

A D

T Y-l GlEL-ESL

Chart design Sensor image and map List of read data

R
= + Huyais i ® & -
T X amera_camera age g lidar_lidar_1_image "\‘ '! ) ) ]
9 X135 5 =4 s < Main analysis functions >
] = 3. A % A A
U 3 9] Pt . .
2k A ,“\ e + Arithmetic
£
1 IS B camera_camg H
4 WA B o Joar 1 * Filter
4 ! P - Data range extraction and
8 / B3 rosbag_ltown_C . h .
: 1T quantitative value calculation
S ~— .
= » external script (Python)
ot .
£ N s linkage
0 0
Others
o !
FifE1— F0)iF FATL—E
FraAE | |FT=5I\TW R
[4]roshag_Jtown_Cutin_csv._Sunny [4]roshag_Jtown_CutIn_csv_Sunny X - # e
bipa ] FrIFIE E ) B - No | /®ek.clock |le_node/ego ve node/ego vezle node/ego ve node/ego vele node/ego_winode/ego. vehire node/ego_vi_node/ego vehicle node/ego e node/ego vie node/ego wiiic = || fy II‘ [ RT ;{
0 z 2 2 BY “oan| ool ooo|  oooa|  1ooo|  1000|/dveidvp e s10oo foooscoodooo | tooo| —oowo  iooo) |
m 13 0.430 0.000 0.000 0.000 1.000 1.000 /divp/divp_age 42,000 100000000.000 1.000 0.000 1.000 =
E [divp/dive, p/div = [ 0.440 0.000 0.000 0.000 1.000 1.000 fdivp/divp_eqc 000 1.000 0.000 1.000 i
3 d!"’F fd 45 0.450 0.000 0.000 0.000 1.000 1.000 /divp/divp_ege 1.000 0.000 1.000 7|3
o /v diyp 5| 0.460 0.000 0.000 0.000 1.000 1.000 /divp_ege 1.000 0.000 1.000 “ceq': 41,
2 [divp/divp_s a7 0.470 0,000 0.000 0.000 1.000 1.000 /divp/divp_ege D ¥ 1.000 0.000 1.000 “stamp’; 4200000000,
2 “'d!VP"f"’L fdivp/divp eg - 48 0.480 0.000 0.000 0.000 1.000 1.000 (divp/divp_ege 47.000 100000000.000 1.000 0.000 1.000 [+ “frame_id": "/divp/divp_module node/lida
4 4 4 <

FeoRLRE | B wiz-5—E

—Time series data

Recognition data

Source : Toyota Technical Development Corporation . . D I v p
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Outcome

B STANDARD I/F
CONSIDERATION (D1 PART)

= Platform with standard I/F and connectivity to
diverse assessment environments

210 FY 2021 _ Year-end report . D I v p



DIVP® has detailed environmental model with physical properties, and the sensor’s intermediate
output enables safety assurance focusing on the sensor. International collaboration efforts sublimates
necessary l/Fs to international standards.

Uniqueness of DIVP® compared to existing international standards Nihon Unisys, Ltd

vehicle motion
Tools Tool Tool SDM-G SDM-G

A

e
~—

3D models

Scenario — _
m Open Scenario —

®m Open Drive :

m Open CRG Reflection
characteristics
efiniti

. : Running
Library Scengrlo g environment emRg Space design gmms Sensqr Sensgr Sensor Fusion AD control
(FMU reading Model perception recognition
compatible) 2 ' A .

\ ]
Legend F i
Spatial model with physical Space, percep{‘ion, perception, ege?_ ________ A
properties intermediate output

Validity of the sensor intermediate output was verified by experts of each sensor.

Source : Nihon Unisys, Ltd. D Iv p
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Extended platform connectivity on the basis of OSI through international cooperation
project VIVALDI with Germany VIVALDI

DIVP® Organizing I/F from the viewpoint of the sensor model under validation Nihon Unisys, Ltd
Input To be evaluated Output
Input to the sensor model to be evaluated is generated in a virtual  Validation of sensor models in virtual Outputting the processing results of the sensor model to the
space. space automated driving model

Automated driving model
Environment Space design

DIVP ® Environment/Space Rendering/Sensor Model
VAY

| | |
| | |
| |
: Sensor model :
Ray tracing of radio il Carera n Fusion q Control R Driving
wave propagation m LiCAR = Functions Models Models
. Millimeter-wave Radar .
| |
| |
| | |
‘ Discussions with German VIVALDI on IF connectivity via OSI as a standard IF for sensor models

Source : Nihon Unisys, Ltd. .. D Iv p
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Extended platform connectivity on the basis of OSI through international cooperation
project VIVALDI with Germany VIVALDI

Conversion of DIVP® Space Design to OSI Format Nihon Unisys, Ltd

The result (ROS) of space design of DIVP® is converted into OSI format, and the result is provided to the German VIVALDI side for
verification/consultation.
Through this activity, we will identify standard parameters to be proposed and incorporated into OSI as standards.

DIVP® Space .

DIVP® Spatial draw results OSI Trace Files

: . DIVP® Sensor Model Results
Ray tracing of radio - ) Convert to OSI —

wave propagation |[Iiaiaiay EEEEEN

format

Compare/Review Compare/Review

''''''''' Simulation Results

Parameters
\/\/:\H»]
VIVALDI sensor .

Sensor model EEEE®m }
Results of the VIVALDI sensor

model

Source : Nihon Unisys, Ltd. . . D IV p
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Exchange information and discuss usefulness of I/F connectivity, consistency verification methods,
and detailed physical models based on camera data exchange, and deepen mutual understanding of

ideal simulation environment.

Proposed two-step data exchange

® Proposed two-step data exchange to better understand both platform (PF) environments
® STEP1: Space design after RGB Provide image data and check I/F connectivity of output data
® STEP 2: Provide sensor physical model output data to promote mutual understanding of the usefulness of a detailed

physical model

® STEP 1 currently preparing supplied data for

STEP 1: Data Format, Verify I/F Connectivity

Sony Semiconductor Solutions
Corporation

STEP 2: Verify the usefulness of the sensor physical model

Simple Scenario | « MScenario Camera
Data EE Model Ray Tracing

*SDMG: *Jtown: Proving ground for AD in JART _
Space Design Model Generator =

VIVALDI

# Verification steps
@®Confirm I/F and data format
@Sharing results & Compare results

Spectral(35band

Perception

Image Sensor 1SP
Model Model

Sharing results &
Compare results

DIVP

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

VIVALDI

# Verification steps
@Confirm I/F and data format
@Sharing results & Compare results

p
Simple Scenario |, DMG* RScenario Camera
Data Model Ray Tracing
RI_
¥

d

Comparison of
recognition results

Sharing results &
Compare results

Source: Sony Semiconductor Solutions Corporation
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Extension of platform connectivity on the basis of OSI through international cooperation project VIVID with
Germany VIVALDI. The output data of the millimeter-wave space model is planed to be exchanged to evaluate the
model IF validity. After the evaluation, the model IF will be established and be proposed to OSI as a standard IF.
@MThe spatial rendering output data of DIVP® is input

to Conti's Radar model and evaluated. '7)

rroc

i Scenariofil Radar
i MG* Result
: g SOMG Model S Ray Tracing

nd for AD in JAR] 1

DIVP Model  User Model or DIVP Reference Model

__________________ 29
Rosbag NCAP:CPFA-50
Sharing results &;ﬁﬁ o
# Verification steps | Recognition | ﬂ Femm

@I/F adjustment (Match OSI) . File format adjustment - R, ' El FFT.E—V#R% ARRA

@Decide on a scenario (Example. NCAP) | Continental Radar Model FtiiEE FovELY

®Sharing results

o= EHARET | | womaes |

< > B /s E G

@Conti's spatial rendering output data is input to the
Radar model of DIVP® and evaluated.

| Sensor |
DIVP
Perception

Radar Perception
Model

VIVALDI

Environment
Ray tracing

- Policy to standardize the output of space model and propose it to OSI
* This year, we have:
1) Agreement on data exchange policies
2) Determining Common Scenarios
3) Presentation of a list of data to be provided to VIVALDI (agreement
completed)
4) DIVP® Determining Data Format When Providing Data to VIVALDI (CSV)
5) Obtained VIVLADI data list (OSI extension) and checked specifications

Supplemental information on 2) 3) 5) should be provided from the next page.

uonepljeA
-] pue Jayjo yoes Jo jndino buuspual [eijeds buibueyox3g

# Verification steps
@I/F adjustment (Match OSI) . File format adjustment
@Decide on a scenario (Example. NCAP)

Source :Toyota Technical Development Corporation . . D I v p
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Extension of platform connectivity on the basis of OSI through international cooperation
project VIVID with Germany VIVALDI

Supplementary information on 2) 3) 5) above will be provided from this page. 9

2)Determining Common Scenarios rroc

Place 1 corner reflector 50 meters in front of the vehicle. The vehicle approaches the corner reflector at a constant speed of 40 km/h.
f: Stationary corner reflector.
Initial range =50 m

AN

In Conti scenario ego vehicle
approaching corner at 11.11 m/s
(40 km/h)

Source :Toyota Technical Development Corporation . . D I v p
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Extension of platform connectivity on the basis of OSI through international cooperation
project VIVID with Germany VIVALDI

3) Presentation of data list to be provided to VIVALDI (agreed) ﬂ

The table below shows a list of data to be provided to VIVALDI. rroc
This is the data list used by the Radar model on the DIVP® side and the data list to be obtained from the VIVALDI side.
We have agreed to provide this.

List of data to be provided to VIVALDI

1 Total propagation distance Ray propagation distance in total [m]

2 Relatl\_/e velo_mty between Sum of relative velocity between reflection points [m/s]
reflection points

3 Pro.pagat|on attgnug tion of the Sum of propagation attenuation of horizontal polarization
horizontal polarization component

4 Vertlcal_pro.pagatlon attenuation Sum of propagation attenuation of vertical polarization
of polarization component

5 Receiving horizontal angle DOA in azimuth angle [deg]

6 Receiving vertical angle DOA in elevation angle [deq]

7 Transmit horizontal angle DOD in azimuth angle [deg]

8 Transmit vertical angle DOD in elevation angle [deg]

Source :Toyota Technical Development Corporation . . D Iv p
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Extension of platform connectivity on the basis of OSI through international cooperation
project VIVID with Germany VIVALDI

5)Obtain VIVLADI data list and check specifications ﬂ

- As a result of comparing the required data list of DIVP® and VIVALDI, OSI® was found to have insufficient number of signals. rroc
« VIVALDI is considering upgrading OSI ® in the form of OSI ® extension
Comparison verification results for DIVP® output, OSI, and VIVALDI output

1 Signal intensity -- -- Signal_strength [dB]
2 Total propagation distance Ray propagation distance in total [m] Path_length Time_of flight [s]
3 Relatl\(e velgcny between Sum of relative velocity between reflection points [m/s] Relative_velocity Doppler_shift [HZ]
reflection points
Propagation attenuation of the _ _
4 horizontal polarization Sum of propagation attenuation of horizontal polarization | Power in dBm(in H-pol) - Signals that are same or convertible
component —TT between DIVP® and VIVALDI models'
: ) : output.
5 Vert|callpro_pagat|on attenuation Sum of propagation attenuation of vertical polarization Power in dBm(in V-pol) --
of polarization component
6 Receiving horizontal angle DOA in azimuth angle [deg] Horizontal_angle Source_horizontal_angle [rad]
7 Receiving vertical angle DOA in elevation angle [deg] Vertical_angle Source_vertical_angle [rad]
8 Transmit Horizontal angle DOD in azimuth angle [deg] -- -
9 Transmit vertical angle DOD in elevation angle [deg] - .. DIVP®model has some private data that
can not be used for data exchange.
10 Reflectance point Private Number_of_interaction - Discussions are ongoing.
11 Reflection point coordinates Private HitPoint as Vector3D x,y,z -
12 Reflection phase shift Private Phase --

Source :Toyota Technical Development Corporation . . D Iv p
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Extended platform connectivity on the basis of OSI through international cooperation project VIVALDI with
Germany VIVALDI. Exchanges LIDAR spatial rendering output and evaluates IF validity. Policy to submit proposals

to OSI as a standard IF.

@ The space design output data of DIVP® is input
to the LiDAR model of VIVALDI and evaluated.

DIVP

SDMG* B Scenario LiDAR
(Scenario Generotor) Model Ray Tracing

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

VIVALDI

Sensor

Recognition

DIVP LIDAR Model —

| semnsor |
Recognition

i VIVALDI LiIDAR Model |{—

@The space design output data of VIVALDI is inpu

to the LiDAR model of DIVP® and evaluated.

DIVP

VIVALDI

Scenario  VIVALDI |
Model MAP

LIDAR |
Ray Tracing

Scenario

Sensor
Perception Recognition

DIVP LiDAR Model —

uoneTeA

-] pue 1syjo yoes Jo jndino ubisep soeds buibueyoxg

1 BZNIRAE Froneer

KINATTWE NSTITUTE OF TECHNOLOGY

Noise Acete LIDAR
source | Scanner § ' Hardware = | -E]iﬁ- Recognition
Vi ~ BB

- |
FYA

| |

‘Q‘. ®
do

Near-infrared light (905nm)

S
|
£

Control % :
| ]
WETAmpTWRR) Detection Bbead O% w

Point cloud data
(angle, distance, intensity)

Tx/Rx Digitizer

Object List

Key Point : Ray tracing method, 3D polygon model, physically-Based
reflectance model, etc., are essential for LIDAR RX model

5 | sky light | reflection
;|£ai‘f_"°_e| 30 model

.

! :

o 0 -
> i Spatial rendering
s B

Photoelectric
conversion/ ]
AD conversion

Peak detection/
TOF calculation

Object recognition/
tracking algorithm

Number of rays x
(horizontal/vertical angle,
distance, reflection light intensity
disturbed light intensif

Point cloud data
(horizontal/vertical angle,
distance, intensity)

J

Number of scanning points x Received wave form Object List

» Policy to standardize the output of space design and propose it to
(ON]!

* 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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Outcome

B Establishing a Diverse Validation
Environment (Part BO)

= Platform with standard I/F and connectivity to
diverse assessment environments
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(@ Discussed connection of DIVP® simulator to MathWorks Fusion reference model to improving
connectivity with AD/ADAS systems@Considered using OpenSCENARIO /OpenDRIVE to reuse user
assets (scenarios, assets) and improve connectivity

JCERNTRAZ

Connedctivity to various validation environments - DIVP?® Initiatives to enhance connectivity -

| Sensor | Autonomous vehicle
Scenario Environment Space design
g Recognition 'J Fusion/Control Vehicle motion
\ OpenDRIVE®

)I

, Map data
%)) Traffic flow (e.g. RoadRunner) .
% (D?Qit?n%%?ggﬁo = opefscenarion Se_nsor model (true value model) User control »| User vehicle
Existing Sim 5 Do oo st > < Point > Difficulty in reproducing : model model
= sensing weakness :
2 e B § MATLAB/Simulink, etc. (CarMaker/CarSim/
st | ASM, etc.)
!_._{u |
“m n | want to develop and
" | want to utilize existing - cvanae sysemn
OpenSCENARIO® u OpenDRIVE® g . : osI® &
. +3D model & X asset/company scenarios. + FMYFMU ™ sensors.
| |
- : :
m - n
| |
\4 \4 m
|
0 SDM-G* - . : | Reference Reference
= DIVP® "Environment/Space Design/Sensor" Model | .
.. %) control model vehicle model
. Dlvp %) DIVP® -Format
=l
= Sensing
V;eak"e_ss DIVP® -I/F DIVP® -I/F
cenario D
| want a virtual enviPonmer
output for sensor 95
development and recognition ' legend m W mm P Connection using standard IF

learning

Source : Kanagawa Institute of Technology . . i ' IV p
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Examination of connectivity issues existing user models and scenario assets

I (BRNTRAS

Connectivity to various validation environments - DIVP® Initiatives to enhance connectivity -

DIVP® Connectivity Content of the issues

Issues

Initiatives to Enhance

Different Simulation Platform Environments and
D -1 DIVP® must be connected

Application of DIVP® model in de facto standard
Q-2 environment for model-based development is

_ mandatory
Connecting to AD/ADAS Systems

I/F which enables simulation based on actual
D -3 vehicle is required.

Requires International Standard Model I/F

Requires an environment where user assets
(scenarios,road data) can be reused

® Connecting to User
Scenarios/Road Data

Connectivity

Constructing Co-SIM Environment Based on ROS
Model connectivity on MATLAB/Simulink platforms
AD/ADAS system (AD-URBAN Proj) to DIVP®
DIVP® Connection for FMI/FMU Models

Enter OpenSCENARIO/OpenDRIVVE data based
on NCAP cut-in scenario and verify DIVP® -SIM
operation

Source : Kanagawa Institute of Technology
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Closed loop simulation conducted by connecting environment model/sensor model
part simulated by Unreal Engine 4, based on Mathwork’s preceding car following model sample, to
DIVP® simulator.

§ HEITRAS:

KaNacawa INSTITUTE OF TECHNOLOGY

D -1: MathWorks Fusion Reference Connection Consideration

Metrics Assessment

Exchange for DIVP
. [ Highway Lane Following Test Bench )
B 4.2 1 2486
Scernario '
LaneFoliowingControlier
(3) LanshakerDetector LaneFoliowingDecisionogic Simec Towoe

BiycloWithForcelnput

Lanes
Lara Marker Detecior et E stoering_dreg) (
— g 8) NAMICs
VislriencieOstecior . Leading vehicle follow-Up contral 0. =t

Acosieration s’
po_o O pevecy Lateral Volooty [
),

o il Lane detection L""—alm, octiony| Lane Conter ane Conter o

MIO Relative y O Relative Velocity

Accolerntion Vehicle Dynamics

paicie_serectons)
Tracks
l—bwmn ForwardVehicleSensorf usion MIO L o udinal Velocity ———| Longtudinal Veloity
tracks {

Leading vehicle [
Lane Folowng Controlier

—‘ ror Fusion Lane Following Ducision Logic ’—.Ln Validation

Forward Vehicle Sensor Fusion
Actors
tane boundaries

Meirics Assessmont

w

2 A
-
2

‘Simulation 3D Scenario

Copyright 2018-2021 The MathWorks, Inc.

MW Model Module |:| DIVP® module

sensor | Autonomous vehicle
Pperception Fusion/Control @ Vehicle motion

Space design

Environment

UE4 Linkage

________________________________________ -
'r Camera 1 Camera . .
Scenario model ' 3D models Space design perception ! recognition Leading car Fusion _ .
(Driving Scenario | Asset Model R , Lane Keep & Follow Vehicle dynamics
Designer) ! Radar Model : Ctr
‘ Camera | Camera _ .
. 3D models Space design perception F recognition leading car Fusion |
DIVP® Scenario Asset P Model g Lane Keep & Follow Vehicle dynamics | £
‘ Radar Model (Dummy used during ‘ Ctrl
development)

Source : Kanagawa Institute of Technology D I V p
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Constructed a Co-Sim environment using ROS communication to realize cooperative
simulation between different OSs

@ -1: MathWorks Fusion Reference Connection Configuration J RN IRAE

KaNacawa INSTITUTE OF TECHNOLOGY

u Software deployment () pF [ software [ | Linkage Software/Data

// \\ [ e -2

Matlab/Simulink

! D |
! 1 ! 1
: 1 : 1
1
: DIVP® msgs i : Module DIVP®_msgs !
1 - |
DIVP® msgs os ! : ! :
1
R ' : : Platform Scenario I
“‘ | Image Developer L !
I X [ . |
MW Model | . ! Scenario |
Roscore I
C ted Model 1 ! I manager
(Connected Models) : MWModel Bridge L !
- b DIVP® PF !
| Lo !

\\ // N— Host | . ConanerDocken) )

Windows 10 PC Ubuntu 18.04 PC
MWModel Mathworks provides an example of a high-speed car-following model in the Automated Driving Toolbox.
(Connected Models) The DIVP® sensor output is connected to the recognition input of this model, and the vehicle motion output of this model is connected to the DIVP®
space design input.
MWModel Bridge DIVP® Bridge Node Reflects MWModel Vehicle Motion Output in PF.
Image Developer Development node.
DIVP®_msgs DIVP® ROS Messages Provided by PF.

Source : Kanagawa Institute of Technology . . D Iv p
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Connected Fusion Reference model to DIVP® simulator and confirmed that white line
recognition and preceding/ following vehicle recognition are possible.

@ -1: MathWorks Fusion Referense Connection Result < BRI IRAE

mcoa\':n Other vehicle

No2. Straight line/With leading vehicle/Result of constant
speed scenario

prior vehicle
recognition

Straight line/No preceding
vehicle/Constant speed
20km/h

-_— O O

cimsCUme g

lane
recognition

Straight line/With preceding
vehicle/Constant speed
20km/h 20km/h
| ) g O O
30m

Straight line/With preceding car/Catching
up with own car
55km/h 40km/h |
— \
50m Vehicle acceleration

Vehicle speed

I

DIVP® (Ubuntu) and Simulink model (Windows) connected with ROS for cross-OS CoSIM environment

Source : Kanagawa Institute of Technology
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Connected DIVP® environment, spatial rendering, and sensor models (Simulink blocks)
with Fusion reference models. DIVP® confirmed to be simulatable on the Simulink platform

@ -2: Fusion reference model connectivity on MATLAB/Simulink platforms I (ERNIRAZ

MathWorks ® Simulink screen To Video Display block output video

51759 ==o: —tos gEFIL T Zp7r —BEL TROT R ?-gg‘iz" DlVP®

== DIVP® Sensor

LALASAS A~ |

= Environment/f

TR IV~

DIVP® Scenario B Rl

~6GNYEY FODE b

33 k7

52 &

278
@
@
E2

s |
=]
=

(@
£

TN T-F 17158
ALMFMABT  FS F-HAT M /95—

st v | £ [€

ETIET-IHBUEEA

=Hd BUOERT 101% T=0.500 o DIVP{RABESES - - o o ey
EVETI 2 il IKTA= Y AFEHl

Autonomous driving Simulink model

MATLAB/Simulink models and DIVP® - easy SIM connection, check CoSIM operation
e s it e ®’ DIvP




@ -3: Connected with AD/ADAS systems and clarified connection requirements with
autonomous driving systems

Connection between DIVP® and AD-URBAN automated driving system

I (EZRNIHAS

: ; Sensor system model
Scenario S SIPELES ERE AD system Vehicle model
model model Perceptual Recognition model
model

SDM-G

Legend

—»  ROS msg.

ROS core

5 Visible light L 5 e — »| Imagedata
Raytrace
Infrared light ) Point cloud

Millimeter-wave
. )
—> Raytrace —» Millimeter-wave

0 Ros.or
& vivViP DIVP® Simulator 9

IMU

True Value

GPS/GNSS, |

Kanazawa

: . AD-URBAN
University

Recognition of the

surrounding = Signal —

Signal recognition position
Lighting —®> Track plan

color
Object recognition l

Vehicle control
Self-location
estimation position Orbit tracking

Map Matching

»  True Value |

High-precision I

> map

(Ortho Map) I

Enhancement of true value output required for validation of autonomous driving system and
confirmation of synchronous simulation function were made.

Source : Kanagawa Institute of technology, AD-URBAN
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MATLAB/Simulink's FMU Export allows to import developed models into DIVP®

@ -4: DIVP® Connection Study for FMI/FMU Model

Existing simulator

Driving Scenario
Designer

RoadRunner

OpenSCENARIO®
Export

Scenario

Example) MathWorks ©® Tools

§ HEITRAS:

KaNacawa INSTITUTE OF TECHNOLOGY

MATLAB/Simulink

“Car”,
X,Y, 2],
[Vx, Vy, Vz],

Judgment of whether
Convert to detection is possible Camera +
Target Position Sensor (Camera) o .
. Millimeter-Wave Vehicle model
Control Coordinate Judgment of whether Fusion
System detection is possible
(millimeter-wave)
Op?:?:ﬁ%E@ FMU Export Parameterization
Export
Fusion
Asset

\V/E=To)

Reflection
characteristic

Visible Ray Trace

Camera
recognition

Camera
Recognition FMI

Camera

Camera
percep%‘on FMI

Sim Platform

AD Model FMI

Vehicle Sim
(ASM,
CarMaker,
CarSim)

Co-Simulate

Source : Kanagawa Institute of Technology
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Confirmed that simulator can be applied to a variety of validation environments considering
appropriate connection I/F differs depending on user, development phase, and existing environment.

Simulator system for development phase B TRAR:

1. ROS 2. Simulink 3. FMU

i ROS.org MATLAB/Simulink @
| | FMU

i ' I v p 52;2 Y[e}s[5Jl | model cropping i ) I v p Simulink FMU Export D I v p
. Block . EMI
Operational ;
image : :
Validation scenario Validation result E Validation scenario Validation result E Validation scenario Validation result
‘ Mutual use = ‘

. , , . L Multi-Conditional and Rapid Validation Using
Advantage Leveraging Open Source Software Diversion of existing assets such as validation tools Cloud Resources

Connect the ROS module, Simulink model, and FMU model to DIVP® and confirm that SIM validation is possible.

Source: Kanagawa Institute of Technology D I V p
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Conducted feasibility study on cut-in scenarios (OpenSCENARIO/OpenDRIVE)

@ : Consideration of OpenSCENARIO/OpenDRIVE connection I ERNIRAR

0sec

m:‘ Emergency braking area

-

cut-in scenario

Import B ”‘ ._ﬁ»j:mi wu_;;_:w‘n .'_ ;;.,' | __.__g:rw-) - 2 —ssfs:: ik
OpenSCENARIO/OpenDRIVE ey e - o x [ -
£ @ |[FalsampleModeicamera =
B oa g
- - . & = §
(4§ =%~ ; ...... & ®= man T a..v:m ;E
e GE T — N
= o y | ¢
S INPUT TO B
e B R m
8 sar o= e DIVP® PF «|@
it o T TF 9 Y]
.E/\Hniu:-r.;;zﬁtﬂé &= F-9 AT
Verifying Scenario Operation in SDM-Generator Reproduction of cut-in scenario in DIVP® PF

Input OpenSCENARIO/OpenDRIVE data and confirm that SIM is possible with DIVP®.
Source : Kanagawa Institute of Technology ... D IV p
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Outcome

= Platform with standard I/F and connectivity to B Combined Platform Validation
diverse assessment environments (BO Part)

231 FY 2021 _ Year-end report . D I v p



Version 0.8, a platform for research and development, has been released at Kanagawa Institute of

Technology. Detailed specifications are established and knowledge accumulated.

DIVP® Extension status (join validation status)

Coupling Validation PF

B ) ITRAR

KaNacawa INSTITUTE OF TECHNOLOGY

V0.1 - ” B MAP Jtown reenactment B Combine all sensor (Camera, Radar, LiDAR) base models -
(First Edition)
B Add Asset B Construction of reference
V0.2 Pre-Verification PF v Alphard B CUDA Radar Sensor Model (Distance and Speed FFT) automatic operation model by

correct value sensor

®  MAP Jtown (10 cm increments) reproduced
W Sky light cloudy, light cloudiness reproduced

B Function addition
v' Camera space design changed to IMX 490 equivalent

Combine Camera/Radar/LiDAR

Vo3 PF for basic verification W Add Asset . . v" Add an Optix library model for LiDAR space design recognition models
¥ NCAP Pedestrian/Bicycle Dummy v Change Radar space design to PO approximation model
v Alphard Interior Parts Added (windshield, mirror, etc.) 9 P 9 PP
. . . - B Added external vehicle model
V0.4 - ®  Unify Scenario Coordinate System to Right Hand System " !"DAR space design updates (for example, vehicle position linkage function (CarMaker
interpolation) .
linkage)
® reproduction of JARI specific environmental test site
] 3léy;(lj|ignrgszeptember 12, 2020 Clear, light cloudiness, additional B Construction of an automated
V0.5 PF for NCAP, ALKS B Add Asset ®  Works with Sony IMX 490 models driving model environment

verification

v' GST (NCAP dummy vehicle);
v" NCAP dummy vehicle balloon
v Alphard Black (Target, for Obstacles)

(SSS needs to provide a model)

including recognition models

For sensing weakness

B Add Asset
v Alphard (light source)

B PSSI LIDAR models (Short Range) are operational

V0.6 L v" Prius (Light source, black) - n -
validation Release v NCAP Dummy (Black Leather) (PSSI must provide a model)
v" Manhole and corrugated board
Metropolitan Expressway B MAP Metropolitan Expressway C1/Odaiba reproduction
C1/Odaiba m  Sky light November 25, 2020 Clear, light cloudy, cloudy Add . . )
vo.7 Scalability Validation December 23, 2020 Clear, slightly cloudy, and cloudy ® Add specular component to LIDAR reflectivity "
Release weather added
V0.8 Marine demonstration test ;gt?]d'tlon of structures (such as bus stops) adjacent to the MAP travel m PSS| LIDAR models (Medium Range) are operational .-

release

mAlphard (light source) with Type A light distribution characteristics

(PSSI must provide a model)

*For details of each model (environmental model, sensor model, automated driving model), refer to the specifications of each company.

Source : Kanagawa Institute of Technology
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International collaboration and Global standardization
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“Perceiving?” & ”Risk for accidents?” are the fundamental safety for human behavior

Fundamental safety

Percepting?

Risk for accident?
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For validating 2-type of criteria, 2-type of Simulations are needed for Sensing physics
validation & system validation, and DIVP® concentrate Sensing physics simulation so far

Total validation strategy for AD-safety assuarance

Scenario

Validation

B Sensing Weakness Scenario

®® v based on expert knowledge

Sensor
Sim

B Geometric scenario based on

analysis of accident data, etc.

Weighting scenarios based on risk x

frequency x detectability

B Verifeid consistency based Virtual

space

Judgement

m Virtual Validation of Cognitive
Performance Based on a

Concordance Model of Measurable

Perceptual Output

Combination and application of each

method
W Actual vehicle validation

Alternative and efficient validation of actual

vehicles using simulation verified for
consistency

\ 4

Percepting
?
B Accurate prediction of vehicle
position to determine margin for
accident and. Risk for
S accident?
>
i

Vehicle behavior and sensor
perception output and judgment as a
rule of AD system

*SDM — Generator ; Space Design Model - Generator
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Referring de-facto discussion in ASAM, DIVP®’s Physical property owned environmental
modeling & sensor small module based I/Fs could lead global standardization

Major differences of DIVP® compared to ASAM OSI

S—
) 3D Model | ¢ i o E
m Open Scenario ) BE Vi T T T Vi T T T T I
® Open Drive 1 User Model 1 : 1 User Model 1 i 1 User Model 1 : 1 User Model i
. ®m Open CRG characteristic L e e - — I ; I 1 ; I 1 ; I I
DIVP inition Interface : ROS, FMI/FMU, Simulink/S-Function
Environment - |_ \ahinla _I
, . Sensqr Senslo.r Seqsor AD Contro| 1% Vehicle
model perception recognition fusion L _ Model :_|
U BN RteccllN LN — o2
DIVP®:Material enabling sensor validation : [ DIVP®:Equipped with I/F enabling intermediate output of
Define environmental model with physical property value I environment, perception and recognition models
|
Vs. ; peieh VS, : :
ASAM OpenMaterial : Define material category =~ | ASAM OSI:Define perception and recognition as a whole
and major parameters | :
[ |
m Open Scenario Open Material / | |
® Open Drive + 3D Model ] | H
A0S |m Open CRG - Material Intejface 10SI(Open Simulation Interface)

. . . Environmental . : Vehicle
Environmental Simulation > Effect Model Logical Model
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DIVP® will lead International collaboration and Global standardization by collaborating
with domestic AD-Safety assurance research activity with JAMA Sakura, etc.

Safety Assurance global activities (VIVID (GER-JPN)/ASAM) organizational structure

SIP-adus International
Collaboration Leader:| JAMA ) cr’f Y
Safety Assurance Sub- 2 II1I
45":]} e leader: .'.'. oiviP

tion of Automated Driving for Universal Services

*EU Collaboration:Discussed @ SA members and

international collaboration WG
; *?DivP
o -

... DIV VIVID JTTTs: Leading Institutions and

y

ASAM

*’ DivP

p % DIVP os|

Open X Activities

SHEBILYVavBRANH

Meeting Activities

(Environment) (Sensors) A i s e
- : JARI . L

OpenScenario2.0 (Scenario OSl(v4.0) (Geometry model) — T R E
generation) OSI Extension <« VIVID S— patzne "SRGy ssfonors r WAL
OpenDrive (Space Feature) (Sensor physical model etc.) KomTES Pne et oy occons o VAT
CityGML (City Space) OSC etc. Aot et e e
OpenX Ontology mme 2 REF SRmmeme e
Open Material (sensor property) @souz T o p—
Open Label (ScenarioDB) e R
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Thru VIVID collaboration, engineering Gemba based commonalities & complementation
finding could accelerate AD-safety assurance and lead global standardization

Key finding from VIVID collaboration

Commonalities

Give & Take based v oIVeEP \
Competitive

collaboration

Complementarities

AD safety assurance Specify standardization Key person
strategy reinforcement scope identification

Global

standardization
oating B AsAm
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DIVP® will propose to ASAM initiatives on OSI extension, city GML and Open Material via VIVID, and
lead standardization by determining key contact and working with global projects on safety assurance

DIVP®s understanding of issues related to international collaboration

Systematize
Assurance

Determine

Standardization Scope

Determine
Key Contact

B Consider collaboration with other
safety assurance framework such
as the UL (US) and V4V (EU,
succeeding HEADSTART PJ)
other than German projects

B Submit proposal to ASAM
initiatives such as OSI
extension, CityGML and Open

Material

M Clarify ideal counterpart for
submission of proposal and
method regarding global
standardization effort

mDIVP®to pay close attention to
developments and collaborate
where applicable

B OS| extension, CityGML and
Open Material are initiatives on
which DIVP® and VIVID should
work together, and thus DIVP®
will actively discuss and draft
proposal via VIVID

B Determine key contact via VIVID
discussions to establish direct
line of communication with ASAM

239
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[International Collaboration] VIVALDI (GER)is willing to continue collaborative efforts beyond FY23,
and continuation of DIVP® beyond FY23 is necessary to spearhead standardization (ASAM) activities

International collaboration/ standardization schedule VIVALDI willing to continue efforts beyond FY23

% Oct: VIVID Kick-off % Jan: ASAMOScV2.0/0S14.0/0OpenDrive/ CityGML WS

% Nov: % Mar: ASAM Assembly/ »* Nov: ASAM Int. Conference
% April: JTTT SIP-adus Technical Seminar s Nov: SIPiadus in Kyoto
structure kick-off * May: Joint
% Dec: Expert panel > June: Symposium in Berlin Synj,/pos,-um
1
2
GER-JPN 32 * Periodic JTTT meetings to b
. . eriodic meetings to
C(ijlﬁ/t;grla:tfn gi 1 held approx. every 6 weeksT
5
6
Weekly discussion L4/L5/V2X
0Sl14.0 Open material
0SC2.0 City GML

Open ontology Open Label

Contribution

Step?2 Co-work for AD safety assurance

global standardization
Step1 International collaboration team
building& planning
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Safety Assurance grabbed most attention at SIP-adus 2021, indicating participants’ interest
in the subject

[Cf] 2021 SIP-adus responses

i F—TBFITRH
, « HARE : 2021558 ~2022%18
: =0 1\
e TN NS FOUCAE
Safety Assurance 2021/7/30 704
Human Factors 2021 5175 373
— S Dynamic Map 2021/3/25 331
m\@ %& /\,;\ /\o_::‘, "'" e i ottt St ]
B ey — Connected Vehicles | 2021/7/13 279
' Impact Assessment 20411001 165
' Safety Assurance/\d 77717 2 BA

Source : Congrés Inc. . . D IV p
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International collaboration and Global standardization

B [nternational standardization via
ASAM(GER
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While previously concentrating on OSI activities, DIVP®’s avant-garde achievements can
lead ASAM standardization given increased attention allocated to physical property value

ASAM OpenX Structure ASAM

-- Validate .

Run (») Postprocess

Lateling
= ASAM OpenLABEL
Previous Scope of —— .
ACt|V|ty Criena Evaluator

OSI+0OSC(partially)

Operationa Design Domain
= ASAM OpenODD

Scenano Descripion :
Logging Labelk for seraor data
= ASAM OpenlABEL

Dywamic Content
= ASAM OpenSCENARXD
Stanc Contert Physical Test
= ASAM OpenDRIVES
= ASAM OpenCRO ‘
Physical site Scenan0 Mmetadatd laties & Leywords
= ASAM OpenlABEL

Soenaro pasatad critena

ASAM OpenSCENARIOT V2

B OpenSCENARIO has initiated - = ABAM OpeaXOnteiogy formal ortological rprasantaton of e do
discussion of extension to City —_———
GML and OpenMaterial

» Activities on physical properties
pertaining to environment models
are growing in number

Source : “ASAM Open Simulation Interface ASAM Open X" (ASAM Technical seminar, October 8t 2020) . . D IV p
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Active discussions on physical property are observed across the OpenX landscape. Aside from DIVP®
actions, JARI’s contribution is needed for OpenlLabel pertaining to real vehicle verification

ASAM OpenX Status/ Issues/ DIVP® action plan

Hypothetical issues from

ASAM

sim

B Sensor Modeling WP: managing perception data
(sensor view) and environment conditions

B Discussion on extending to area model

(CityGML)

B Discussion on OpenMaterial for sensor materials

v BMW submitted proposal, may become OpenX
B TU Munich to compile use case data

Opinions to support definition of static objects for
efficient run of large number of tests observed
Final revision of environment condition and action
ongoing

Open
Scenario
2.0

Discussion taking the vantage point of positioning
Open X Ontology as the top domain that connects
other OpenXs such as OSI/OSC to proceed

Only true value defined, no class definition related
to sensing weakness

Open
X
Ontology

Standardization ongoing regarding motion pictures,
dots, sensor data, sim data annotation and tagging
format

v" Definition of sensing weaknesses vacant

Open
Label

necessary for sensor validation. DIVP® Nihon Unisys, Ltd
could lead debate based on cutting- m
edge activities

B Discussion on OpenMaterial, presumably
eyeing to define physical property
required for sensor sims, launched.
Monitoring required to ensure
universality of DIVP® values

Nihon Unisys, Ltd

Az=@ILyvararan

I(BRIIHAY m

B Discussion on efficient run of sims
ongoing. Inconvenient format needs
rooting out for standard alignment of
DIVP® products (SDM Generator)

Azwavvavanan

B Open X Ontology to connect other

OSI/OSC as top domain. Definitions of u
physical property and sensor output % SOLIZE
need to be addressed.

B Standardization of DIVP® tagging format D [ |
may be required for scale-up of TTOC

business based on data inter-
operability

Recent Topics DIVP®(including Sakura) perspectives Action Plan
B Contemplation of Google FlatBuffers introduction - , L B Compare OSI/DIVP®
B Discussion on Road Model definition (physical ® Active discussion regarding interface B Discuss Road Model

definition within VIVID
Cooperate with VIVALDI

on OSI extension

Issue extraction based
on OpenMaterial
Proposal review
Monitor CityGML status

Monitor activities

Prepare learning
sessions to inform
members of recent
Ontology/ Label status
Cooperation request
for JARI in terms of
real vehicle verification

*’Environmental Condition” handles weather (rain, fog, etc.) and is inserted into OSlI's Sim I/F. The first scenario is written in OpenSCENARIO, and the definitions are implemented in Ontology, etc., which are

connected across OpenX.
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International collaboration and Global standardization

B Acceleration of JPN-GER collaboration

project VIVID
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VIVID is German funded VIVALDI & Japanese CAO funded DIVP?® joint project since
November 2020, targeting 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" & : , sk teams” (JTTTs)
: Radar + LiDAR + Camera Harmon (6 'mttOp\ca\ ta
. anese ‘O — Lec_:hnis_c_r_le Hochschule Technische
“'Jap & IL'M‘SJZ'GM KIT Kempten Universitat

Darmstadt
Mercedes-Benz

® DivP w 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 individual leaders to each JTTT for small team based discussion to
define commonality & complementary toward AD-safety assurance Global standard

JTTT(Joint Topical Task Team) structure

Topic DIVP®(JPN) VIVALDI(GER) Expected Outcome
, . . 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 AHAE@WILYZavBRAH KIT B Exchange map assets and material database
Data
B Exchange DIVP® ray tracing output (OSI trace file
SJUIIERL Reference data, tgst B(RRIIRAY Hochschule with dummy data) and study outcome on VIVALDI
(Camera) methods and metrics . . Kempten
Sony Sem&(;(:gg:‘::tt;:‘Solutlons 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 72 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
Scenario Proert
m vwa Perception Recognition AD Model
B Standardized prioritization of ] Current format is unable to uropean suppliers are eeplrfwg
scenarios necessary for sims attach property info required for ggvb"lr:;i“s:; ~:ne(;‘|3/?:r$i’$2|:n olded
require clarification. Current sensor sims, and rule making is T
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 | B Appeal positives of I/F node

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 mode | s 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.

W JTTT3.4 to discuss toolchain including HILS/VILS, and to cover fundamental technology pertaining to measurement and validation criteria.
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International collaboration and Global standardization

B Acceleration of JPN-GER collaboration

project VIVID
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JTTT1 Interface
DIVP® Simulation and data interfaces

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

. . Sensor Model
Environment j Space Design . —

DIVP® “Environment / Space design / Sensor” Model
Vv

Automated Driving Model
m Vehicle Control §§ Driving Model

Sensor.Models Fusion Control Driving
Functions Models Models

*SDM-G : Space Design Model Generator
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Actualize format proposal towards standardization through comparison between DIVP® and

Nihon Unisys, Ltd
a — Legend

Sensor Model

quasi-de-facto OSI standard

OSI vs DIVP® Interface Mapping v

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

Environment Simulation
Moving/Stationary _
Geomet

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 @8 Space design

Ray/Path tracing

Automated

driving control

? DivP
|
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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
b orves model |
DIVP® “Environment / Space design / Sensor” Model e d

~ VIVALDI's model
YAy

*’ 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
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International collaboration and Global standardization

B Acceleration of JPN-GER collaboration

N JTTT2

project VIVID
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DIVP® proposed to exchange maps & assets & material attribution standardization

Proposed collaboration scope AHAS@ILYVavaRal
Envi I Envi I .
ns\/ilr:]our}g:ieon:a :f\g?tnrr:sgz Sensor Model Logical Model

SUT
AD control Vehicle dynamics
Veh-dynamics
model

. Env. Modelling Scenario Propagation . o .
Concrete scenario . : Perception Recognition Sensor fusion
and Scene SetUp execution Raytracing

Exchaﬁge of maps ar?ad assets

Scenario data
OpenSCENARIO
OpenDRIVE

OpenCRG

Standafrdize definitioiw of material aittributes

: Execute Space design Sensor Sensor Sensor SUT
scenario 3l scenario | model Ml Perception [ Recognition Fusion M AD Control
: i : : 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 Vp
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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 H Polygon

. ....... Contro|. ....... Bonecontro|. ....... Bonecontro|

: method - B Partially original control - B Original control

........................................................................................................................................................................................................ .Texwre
B Material ~ W External definition - or

(Refer to material using mesh name as key) B UE4 defined by blueprint
- (depend on after process)
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International collaboration and Global standardization

B Acceleration of JPN-GER collaboration

project VIVID

mmm® JTTT3.1~3.3
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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:;)r:szlrzggc HDR 24bit corrllD vnyeLssio 12bit tprocess | 8bit regabjﬁi?iton Fusion received by
9 X N times A Synthesis " (ISP oo the current
2 A A t Processing) * * OEM
» ot . \ - (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

= N . .
l( nm, I IIW Sony Semé‘éorggrgttigLSOIutlons

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

Perception input
|

Perception output Recognition output

| |
: % : Raw : ,
c (72]
1 @ — = —:> Pixel Signal : :
c - Processin
s l o ]
| | |

Environmental model Space design

Sensor model

B Precise reproduction of B Precisely reproduce propagation, reflection, etc. from the light source
object shape

B Reproduction of
reflection characteristics L. (x,w) = J fr(x, 0, 0" )Li(x, 0" ) (0, n)dw’
of visible light spectrum n

Calculate reflected waves using rendering equations

Lx,w) —pb Le(x, @)

(=)
=
°
T

o

£

1
2

>

(]
X

Q
K=
-

Camera perception model Recognition model

Photoelectric
conversion

Raw Signal
Processing
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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

:j.f._ o = [0 1% Control & e
s 2 e - [ = |
v O% L PD — RX — ADC I Detection O% w

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.

DIVP

cenario cenario| adar
SDMG* g4 w
Data - Model Ray Tracing
__________ 9..........- *Jtown: Proving ground for AD in JART 1
S D sign Model Generator
VIVALDI Rosbag

Sharing results

Perception

; -
U Continental Radar Model w

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

@ Input Continental radar ray tracing data into DIVP® radar model.

| sSensor |
Radar Perception
Model
e Discuss perception results?

VIVALDI

Environment

Ray tracing
Scenario L Scenario B \_ﬂ Radar

Data ! Model H i 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

(Ray tracing)

NCAP: CF‘FA 50

e tm

<« > i L]
1.5m I /‘/“/
T ¢ V %W‘ \ I
ﬁ Signal processing -
L] FFT, Peak search, Target identification,
1 W I ADC Orientation estimation Tracking I
.

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

B Acceleration of JPN-GER collaboration

project VIVID

mmE JTTT34
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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
<

§E)TRAR

KanNacawa 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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International collaboration and Global standardization

B Acceleration of JPN-GER collaboration

project VIVID

mJTTTS
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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
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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 'i 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 » Blackspot caused by the objects with low near-infrared CPNA like scenario with a pedestrian who wears a black leather
reflectance, such as black leather jacket jacket
Radar « Multipath caused by the wall, such as tunnel wall Driving in a tunnel
Difficulty in identification of the objects with the same speed Driving behind two vehicles in parallel at the same speed
Camera « Halation due to the backlighting Driving west in the evening
Blurred lane marks (while lines) Driving on the road with blurred lane marks
Other environment * Rain Driving in the rain
Snow Driving in the snow
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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
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International collaboration and Global standardization

B Acceleration of JPN-GER collaboration

project VIVID
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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 /. L
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

False
perception
due by
miller
reflection

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

p e
- et Receive

Space design

Environment model Sensor model

model
/'y > —> A 4
D @
~ 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 1
[ |
| |
False 1 True I False
*g Positive I (Correct perception) | Negative
< [ l
S)
o . N 4 How to define }
S === | — === = === === == == = = = | the threshold?
S
(%))
3
= How to define the threshold of

True or False?
- Sensor Application Level
- Perception Data level
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The plan is to implement the Tokyo Waterfront Area FOT, a DIVP® Evaluation Program, in two stages,
STEP 1 (Simulation based upon Portal Site Scenarios) from November 2, 2021 and
STEP 2 (Simulation based upon Participants’ Scenarios) from the middle of January 2022

Provided Environments

Summaries and Schedules

Nihon Unisys, Ltd

B We provided virtual environments for evaluation at J-Town and the

Tokyo Waterfront Area as well as evaluation patterns

» Scenario patterns: Simulate evaluation scenarios based upon actual measurements
data

» Sensor failures: Digitally reproduce sensor weaknesses that surface depending

upon combinations of environmental factors
AEB Pedestrian crossing

Camera output

LiDAR output

S1020}0.d 1S9
dVON-IN3/UMO}-1

Bower Shade & W hite Road
Thermal Barrier Coating
West from the Intersection
at Aqua City
(in front of Daiba Station)

Lines
(Westbound)
around an express way junction

wn
Q
w3
o D
=2
g
= o~
0
c%m
29
Py
CJDE.
o
(7]
gsn
s I
o <
Q)
© 3
m3
33
a2
[0}
s
@
[}

Source: T
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B STEP1 [ Simulation based upon Portal Site Scenarios ]
Nov 2, 2021 to End of Jan 2022
Access to the dedicated Portal Site
Appreciate usability of tools and simulation results

B STEP2 [ Simulation based upon Participants’ Scenarios ]
Middle of Jan 2022 to Middle of Apr 2022
Validate through own environments connected to DIVP®

The participants listed below at home and abroad engaged in AD
R&D

B Automobile OEMs and suppliers

B Vendors of related systems and tools

B Juristic persons such as universities

B Research institutes, certification authorities, etc.

8/4 '21/1

»

| i
Recruitment —
(planned)

begins
STEP 1 (Simulation based upon Portal Site Scenarios)
(November 02°21— End of January '22)

(Preparations)
(November '21 — January '22)

STEP2 (Simulation based upon Participants’ Scenarios)

(Mid-January.’22 — April '22)

August 4t 2021)

% DIVP

»

'21/Apr :Business launch



We provided protypes based upon R&D and panelist testers evaluations.
Also, we enabled broad acknowledgement for DIVP® through STEP 1 [Simulation based upon Portal Site Scenarios], and promoted the
solution implementation at pilot users through STEP 2 [Simulation based upon Participants’ Scenarios]

cen B Tokyo Waterfront City Area Field Operational i i
Position of the Tokyo Waterfront Area FOT Tesf y P Nihon Unisys, Ltd

Waterfront City Area Field Operational Test

Panelist Tester Evaluation Step1 Step2

Simulation based upon Participants’ Scenarios (STEP2)

Participant Companies (Result)

B STEP1 : Simulation experience through a dedicated portal site

(Mid-January 2022 — End of April 22) > DIVP® simulation videos : NCAP, Odaiba
_ » Briefings about faithfulness (real-actual verification) results
Simulation based upon Portal | ® Verify the value of DIVP® > Experiencing the Viewer function for creating scenarios
Site Scenarios B /mplementation at pilot ] ] ]
(STEP1) users for trial use Applicants : 81 entries, 56 companies
(November 3, 2021- End of February, 2022) . . .
The participants listed below at home and abroad

engaged in AD R&D
B Entice customers more by calling attention to deliverables B Automobile OEMs and SUpp“erS
broadly B VVendors of related systems and tools
. Grasp Needs B Polish products as a result of grasping various types of W Juristic persor?s such as.u.nlv.ersmes .
in the early stage needs B Research institutes, certification authorities, etc.

B Grasp customers needs based upon using research

_ ; _ B STEPZ2 : Implement safety evaluations about actual
deliverables on a trial basis sensor systems through cooperative efforts mainly by
OEMs, sensor makers and tool vendors
/
l‘ Applicants : 8 companies
W Evaluations are being made by cooperating with

fe\{[eral automotive business operators as panelist
esters
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We implemented FOT in accordance with the time schedule below
STEP 2 [Simulation based upon Participants ‘ Scenarios] will continue to the end of April 2022. It will be followed by a phase of
evaluation by pilot users.

Nihon Unisys, Ltd
Schedule (Draft) for the Tokyo Waterfront Area Field Operational Test

" Cangories | n || Ao | p | 0t v | Dsc || o r |

Recruit : Tokyo Waterfront City Area
i th N ED inalize
ST E P 1 (Vla © O paFrtici:)ams FOT

homepage )

STEP1

[Simulation based
upon Portal Site Prepare for Simulation

0 . Experience operations
ScenarIOS ] ° Create V8FIOU§ types of models Confirm implementation results
Create scenario patterns

STEP 2 Latii%”.?c))o Tokyo Waterfront City Area FOT
. . omepage Q
[ Simulation based / 1E
upon Participants’ e ) Implement simulation ) | Evaluate )
Scenarlos] Examine implementation
contents and prepare
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SIP Coastal Area Demonstration Test and External Collaboration

BSTEP1 outcome

Address for the contents of
FOT STEP1[Simulation based upon Portal Site Scenarios]

https://demo.monitor—divp.net/
ID: User01 Pass:User01@AWS
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In STEP 1[Simulation based upon Portal Site Scenarios], we enabled verifications through a combined use of
packaged scenarios and various environmental factors that could expose sensor weaknesses.
Efficient verifications for guaranteeing AD systems were implemented.

Nihon Unisys, Ltd
The Provided Simulation Environments: STEP1[Simulation based upon Portal Site Scenarios]

Packaged Scenarios Various Scenes where Sensor Weaknesses may Be Surfaced
Targets at the same distance and
at the same relative velocity Black leather jacket Black-color vehicle
e

Camera

“*»:

Ubward structures 4 I
= /

- " Reflections
Backlight, background light in the windshield
b b

S|020j0.d
}$9] dVON-in3

o
K=j
[
(2]
~—
(7]
—
=
Q
~—
]
@
o
E]
(2]
c
-
-
o
o
(1]
o
D
—
(1]
Q
—
(1]
Q

suonebedoid

pue suoi}oa|jal Joaye Aew jeyj SjUBWUOIIAUT

Camera

JuswiuoliAug eqiepQ

Camera

Source : T About Application for Participating in the Tokyo Waterfront City Area Field Operational Test (through simulation) for Strategic Innovation Promotion Program (SIP) Phase Two - Automated Driving
(Expansion of Systems and Services) (Building a safety evaluation environment in Virtual Space)| (NEDO HP, August 4t 2021)
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Scenes where sensor weaknesses are exposed were digitally reproduced and organized into a package for the Field
Operational Test. The scene data was collected by actual vehicle journeys at/through Odaiba and the Inner Circular

Route. The approx.20 scenario packages were subject to acceptability examination by users in the FOT of Tokyo
Waterfront Area.

Scenario Example that Exposes Sensor Weaknesses To Be Provided at FOT in the Tokyo Waterfront Area : SAIB Nihon Unisys, Ltd
(Basic Physical Model: Camera) approx. 20 patterns (including variations)

Misrecognitions about white lines Reproductions of distributed Low-floor/platform carriers that

due to roadside tree shades lights through traffic lights cannot be recognized

Sample B Misrecognitions about inter-vehicle
5 : distance due to backward viewpoints

- L1: Road Shapes Neighborhood of Odaiba Ome Station Odaiba Ome 1-Chome Intersection North Side of Tokyo International Exchange Center
: (Westward) (TIEC), Odaiba
‘g ra.n;u —”/ e E‘i%ﬂ/ o W 4 g ) M Y e Ly
g P }E el 'r~r- 7T vl 2 7 ome |-Ch0me / :: = : o
e @ ~aE ‘ SR = \ (1
[ —Mﬁiﬁf_ué (i <2 /5!.\_:_1% B, Dol
A ‘. s zﬂ \ L2l — 1 _( & r_}—; ’ v AN
\ : == = .J_?o. W ) 2 KRy 3
. L2: Targets, Traffic Rules White lines, roadside trees Traffic lights (red, blue, yellow, arrows), Straight road
5 5 Pedestrian crosswalk signals
- L3: Temporary Changes - - -
L4: Moving Objects - - Low-floor/platform carrier travelling ahead of

the own vehicle

. L5: Environmental Daytime Daytime/Nighttime -
. Conditions :

Source : Kanagawa Institute of technology, Google map, AD-URBAN
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Through a dedicated portal site established for the FOT STEP1 [Simulation based upon Portal Site Scenarios], the DIVP® simulator
demonstrated a significant fidelity in simulating actual measurements data of physical phenomena, as endorsed by faithfulness

verifications. It was recognized broadly among participants.

Nihon Unisys, Ltd
Information Offered at the Dedicated Portal Site URL : ID : User01 Pass : User01@AWS

(*) This is a portal site for the DIVP® information about the Field Operational Test in the Tokyo Waterfront Area. The section “Technical Information” contains plenty of videos.

TOP Technical Information TOP  Technical Information ~ Experience News Q&A EN@  Contact >

Technical

Driving
Information

i ntelligence

VElidaticn

platfnrm\w_”

S—

TOP  Technical Information ~ Experience News Q8A EN®  Contact )

. < nag
Experience

Concept

owvPE

REOCHSHEFEOETRMELIZSHELE. EXBVY—XIXEZ0EBEITSEETD
BIEECHi\FL TLET. MXT. SBEZYTOVENGRJAEREI S L
LFERICEHMTI . CORBICHILT SEHICAFELZEDOH. EURER

Elc—®dd/=al—/a>FS5wi74—L4 [DIVP®) CGd.
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The DIVP® solution’s technical features that enable faithful simulation are the focus in the Portal Site

descriptions with simulation result videos

Structure for Providing Information at the Portal Site

Nihon Unisys, Ltd

URL : https://demo.monitor-divp.net/ID : User01 Pass : User01@AWS

Page Structure

Page Contents

Description Contents

Top

Concept

Streamline verifications about reliability and safety of autonomous driving

Vision

DIVP® simulator’s features
« Exquisite simulations enabled through combining environmental models x
spatial models x sensor models

Aim for this FOT

Promote the appeal of the DIVP® simulator’s usefulness for AD system
development and evaluation as evidenced through the use of packaged scenarios
(NCAP, Odaiba and Inner Circular Route C1)

Technical Information

Descriptions about
fidelity

Describe various types of sensor models and fidelity evidences

Materials and videos
about simulation
examples

* Scenario packages
» Sensor failures witnessed in the Odaiba and Inner Circular Route C1
environments

Under development

Failure patterns of sensors that are under development

Development roadmap

Research plan for the period from FY2021 to FY 2022

Experience
(simulations in obtainable
environments)

SDMGenerator
(Function to create
scenarios)

* Functions descriptions
« Videos for operation manuals

Simulation platform

* Functions descriptions
* Browser Viewer operation experiences
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Information was offered at a dedicated portal site to 56 companies (or entries of 81 persons) .

We plan to keep the participants in the communication loop where they will continue to receive the DIVP®
information.

. . . Nihon Unisys, Ltd
Companies that Applied for Portal Site Access

[Total] 56 companies (81entries) applied

- A webinar-style meeting was held on January 17, 2022.
- The plan is to keep the participants in the communication loop. They will continue to receive the DIVP® Information.

(Random order)
— OEM (13 companies) —

Automotive-related Companies (suppliers, etc. ) (28 companies)

: — IT (3 companies) —
Toyota Motor Corporation Tier IV _ Mitsubishi Heavy Industries Machinery Systems
Matsuda Ea”azawa Univ. TOYOTA INDUSTRIES IT SOLUTIONS IBM Japan
) L agoya Univ. AVL Japan in-Nori
Mitsubishi Valeo Japan , Shin-Norinsha
SUBARU c Toyota Technical Development Serio
anon Automobile Laboratory of Aioi Nissay Dowa Insurance
Yamaha Motor Randstad Sompo Japan
Isuzu Motors Toyota Systems Pacific Consultants
Mitsubishi Fuso Truck and Nippon Koei AISAN TECHNOLOGY
Bus Corporation TOYOTA Body Seiko J-QUAD DYNAMICS
Suzuki '[I')sukuba Univ. Toyota Technological Institute
: enso MathWorks Japan
Daihatsu Aisin Continental AuFt)omotive Related to DIVP®
Honda Motor :
Ni Kyocera _ Hitachi Astemo (12 companies )
ISsan Furukawa Electric Toyota Industries Corporation
Woven Core Furukawa AS NXP Japan
Sumitomo Electric Industries
50 Changes in the Portal Site Access Times
40
The portal site received 1,032 accesses during the 50
period from November 4, 2021 to February 28, 20
2022. (or 18 times of access per company) o
0
2021/11/4 2021/12/4 2022/1/4 2022/2/4
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Information was sent via a Webinar-style seminar for the FOT STEP 1 [Simulation based upon Portal Site
Scenarios].75 persons participated including parties concerned.

Nihon Unisys, Ltd

A webinar-style seminar was held on January 17, 2022

Driving

| ntelligence

V alidation

Flatform | {

M
| | | M) m

EfE

DIVEP O — 2

OIVP WEB £34—1

Bl f& B B :20224F1H17H(H) 13:00~17:30

=5

DIVPPEBBENE BEa2-Landen S E

info@rmonitor—divoret

1=

T—hADHE 202251248 ~2H28H

BAAE

Frz = A PARI(EEIQRE) S ET.

12O EE-BAESCEHBEOZSNETRET T, SFNEF_ SIS P AHEHELILE
BHALRL : hittps://unisys—ipzoomus//Avebinar/register/ W UFw VilvnOws ihPkleDpckw
ZHURLIZ. FEBRICS T A= ILETCZEALELET.

Participants75 in total

(" OEM: 6 companies, 1 1 persons
Car -related companies: 19 companies, 38 persons
IT: 1 company, 1 person
17 persons related to the sponsors

\

AEFIEGE

+ WEBESF—OMNBEREL. BV —HaJeLToRELET.
N ENEFORES - ERESINZTTOT. FOl T AIIEL,
- MOFNEATEEEEARELGLIRET. 2S5 Z 'R oJEET T,
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s WEBE=F DT Eein e S il LT
FHERIEER -2t BSEBETLE T,

s CHREORHOD I E— o ERSIUVREERASEHROC S1BL3UET.

i o CTHREBCHZoomF T L= @ AL LI ET S,
Others 9 pane||StS ChICED SO @SS IC DTS, miE- R —rERELRET.
L 3 moderators/admlnlstrators y s BALATUa—L, BEABE. TELUCEBEShIBEHNTSET. T TERUES.

284 FY 2021 _ Year-end report

®’ DIvP



The webinar-style meeting contained briefings by DIVP® participant companies’ experts mainly on DIVP®
simulator features, simulation scenario creation functions, environment models and fidelity of sensor

Implementation of the Webinar-style Seminar

Date & Time: Monday, January 17, 2022
Style: Zoom (Webinar)

13:00-17:30

Seminar Contents: Based upon the Field Operational Test Portal Site contents

Focused mainly upon OEMs after considering the FOP participant composition ratios

Opening Remarks

What is DIVP®?
DIVP® Simulator Features

Create Simulation Scenarios

Environment Models

Camera Fidelity
LiDAR Fidelity

Millimeter-wave Radar Fidelity

Simulation Use Examples

Professor Inoue, KAIT

Mr. Inomata, NUL

Mr. Nagase, KAIT

Mr. Takeda, Mr. Hayashi, Mr.
Matsumoto, MPC

Mr. Ikeda, SOKEN, Mr. Watanabe,
NUL

Mr. Sugiyama, SSS, Mr. Nagase, KAIT

Mr. Takemura, PSSI (via video)
Mr. Ikeda, SOKEN
Mr. Takagi, KAIT

Situations of Future Commercialization Mr. Imamura, NUL

Considerations

Follow-ups after the Seminar

Friday, January 21: The video recording of the seminar was available.
Monday, January 31: The Q&A session contents were uploaded

Nihon Unisys, Ltd

EHREABEFR W3/ TRAT
HiF LB

SEEL
13:10-1350  coor® Z e

EIL s > e
FIE AE) MR E R

14:00-14:40 55

i SURO—EE
SR &

SHoBELBEKRIOVT T

Bt el

17:00-17:30  DVE*LSab—2as IS0k — A2 F4 AL 0
ey IREERRISTETT, RAKAR H—EAFHCoLTSR/ALET.
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33 participants in the Webinar-style seminar answered to a questionnaire.

80% or more respondents indicated that they are (very) satisfied with each of the Sessions. Thus, the seminar was
conducive in efficiently complementing the information shared via the portal site.

. . . . Nihon Unisys, Ltd
The Webinar-style Seminar Questionnaire Results
Sessiont Session3
[Legend] ‘What is DIVP®? Session2 o
. . . . . . :Environment Models
Common to the sessions DIVP® Simulator Features : Create Simulation Scenarios
] -
Very satisfied 0
" Satisfied 13% 11%
Neutral
= Dissatisfied
= Very dissatisfied
Session4 Session5 Session6 Session7
:Camera Fidelity :LiDAR Fidelity :Millimeter-wave Radar Fidelity : Simulation Use Examples

17% %o 12%
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44 participants (as of the end of February) answered to a questionnaire of the Tokyo Waterfront Area FOT STEP 1
[Simulation based upon Portal Site Scenarios]. The DIVP® simulator was appreciated more highly than other simulators
mainly from the viewpoints of simulation reliability and asset adequacy.

. . . . . . Nihon Unisys, Ltd
The FOT STEP1[Simulation based upon Portal Site Scenarios] Questionnaire Result

[Legend]
N * Superior Fidelit
Reliability based - - - iaelity SDMGenerator to support
simulation Slightly less inferior
Inferior 9%
(*) excluding ‘not sure’ 38% 27%
Connectivity 3 Fidelity endorsed
(interface) 2 by verification 36%
55%
1 24% °
0
SDMGenerator to SDMGenerator’s .. .
Asset ad support Ul operability/workability ~ /\Ssetadequacy Connectivity (interface)
sset adequacy OpenDRIVE/Open
SENARIO
20%
25%
o)
SDMGenerator's 43%
ul
operability/worka 43% 63%
bility 50% ’
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A questionnaire survey was conducted about the possibility of using the DIVP® simulator for services
during the Tokyo Waterfront Area FOT STEP 1 [Simulation based upon Portal Site Scenarios]

Nihon Unisys, Ltd

[FOT Questionnaire] Use the DIVP® Simulator for Services

Q: Please tick service items for which the DIVP® simulator can be used below. Include services other than those performed
by the respondents. Multiple answers were allowed. 44 responded.

Vehicle Development/Design Vehicle Sales Vehicle Use

» Safety evaluation

. ; * Prediction of results of evaluation by « Safety evaluation A )
rl(;lseev;%ehnsor algorithm external certifiers partly pursuant to NCAP | |, predigtion of results of Safety evaluation
*New sensor system *RFQ preparation * Adaptability of sensors and systems evaluation by external | |Support for analyzing
considerations Sourcing evaluation + Considerations of evaluation plans certifiers partly pursuant sensor failures in the
+Sensor /system composed of various types of evaluation to NCAP market through the use of
evaluations environments ) _— the DIVP® Simulator
» Sensor/system requirements definition
» Sensor/system evaluations
*Evaluate sensors.
Prepare (automatically)
N/A scenarios to expose N/A
sensor weaknesses
*Safety evaluation .
*Evaluate sensors. Prepare (automatically) +Safety evaluation,
- Sensor/system scenarios to expose sensor weaknesses premium calculation
N/A X definiti Considerations about plans for evaluating N/A +Evaluate sensors.
requirements definition the DIVP® Simulator on public roads Prepare (automatically)
» Adequacy of sensors and systems scenarios to expose
» Sensor/system requirements definition sensor weaknesses
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There are expectations that SDMGenerator can be more useful for ‘vehicle development /design’ than for ‘research’. The
expectations may reflect that simulation is prevalent in actual development practices. Also, it was confirmed that SDMG is at a level
that it can be used with an eye toward practical use.

Nihon Unisys, Ltd
[FOT Questionnaire Survey] services for which SDMGenerator can be used

[Multiple answers were allowed. 44 respondents answered (out of 56 in total: response rate 80%)] Vehicle use

; Vehicle sales
[Legend (fOF Inner CerIG)] Related to safety evaluation

Research : Sensors/systems evaluation
Research
Research : New sensors/systems considerations
Research : New sensors/algorithm research
Business/Planning : RFQ preparation/sourcing evaluation
Business/Planning 1 Sensors/systems requirements definition
Vehicle Development/Design : Sensors/systems evaluation
Vehicle Development/Design 1 Sensors/systems requirements definition
Vehicle Development/Design : Considerations on evaluation plans through the use of combinations of various types of evaluation environments
Vehicle Development/Design : Sensors/systems adequacy
Vehicle Development/Design : Prediction of evaluation results by external certifiers partly pursuant to NCAP
Vehicle Development/Design : Safety evaluations
Vehicle Development/Design : Considerations on plans for evaluating the DIVP® Simulator on public roads
Vehicle Development/Design : Evaluate sensors. Prepare (automatically) scenarios to expose sensor weaknesses
Vehicle Sales : Prediction of evaluation results by external certifiers partly pursuant to NCAP
Vehicle Sales : Safety evaluations
Vehicle Sales : Evaluate sensors. Prepare (automatically) scenarios to expose sensor weaknesses .
Vehicle Use . Support for analyzing sensor failures in the market through the use of the DIVP® Simulator Veh ICle
Vehicle Use . Safety evaluations d Velopment/des
Vehicle Use . Evaluate sensors. Prepare (automatically) scenarios to expose sensor weaknesses
Vehicle Use Safety evaluations, premium calculations BUSIneSS/Plannlng

On the other hand, we received less expectations about using the DIVP® solution for ‘safety evaluation’ or specifically a related item of ‘Evaluate
sensors. Prepare (automatically) scenarios to expose sensor weaknesses’ than we had expected. Safety evaluation is the key for promoting the
social acceptability of autonomous driving, and it is the crucial aim of DIVP®. (This result may be due to respondents representing a wide variety
of industries including non-life insurance and IT.)
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Expectations about Simulation PF are almost of the same degree for ‘Research’ and ‘Vehicle Development/Design’.
Simulation PF is appreciated specifically: it would be useful for ‘new systems/algorithm research’ in the ‘Research’ field, and for a
series of processes from evaluation to adaptation in the field of ‘Vehicle Development/Design’ field.

Nihon Unisys, Ltd
[FOT Questionnaire Survey] services for which Simulation PF can be used

[Multiple answers were allowed. 44 respondents answered (out of 56 in total: response rate 80%)] Vehicle use

[Legends (for Inner Circle)] Related to the use of Simulation PF
Related to safety evaluation Research

Research : Sensors/systems evaluation
Research : New sensors/systems considerations (6)
Research : New sensors/algorithm research 9
Business/Planning : RFQ preparation/sourcing evaluation
Business/Planning : Sensors/systems requirements definition
Vehicle Development/Design . Sensors/systems evaluation
Vehicle Development/Design : Sensors/systems requirements definition
Vehicle Development/Design : Considerations on evaluation plans through the use of combinations of various types of evaluation environments
Vehicle Development/Design : Sensors/systems adequacy
Vehicle Development/Design . Prediction of evaluation results by external certifiers partly pursuant to NCAP
Vehicle Development/Design . Safety evaluations
Vehicle Development/Design . Considerations on plans for evaluating the DIVP® Simulator on public roads Veh|C|e
Vehicle Development/Design : Evaluate sensors. Prepare (automatically) scenarios to expose sensor weaknesses d
Vehicle Sales : Prediction of evaluation results by external certifiers partly pursuant to NCAP
Vehicle Sales : Safety evaluations
Vehicle Sales : Evaluate sensors. Prepare (automatically) scenarios to expose sensor weaknesses
Vehicle Use : Support for analyzing sensor failures in the market through the use of the DIVP® Simulator
Vehicle Use . Safety evaluations
Vehicle Use : Evaluate sensors. Prepare (automatically) scenarios to expose sensor weaknesses
Vehicle Use Safety evaluations, premium calculations BUS|neSS/P|ann|ng

Simulation PF received the same expectation tendencies as SDMG in light of ‘Evaluate sensors. Prepare (automatically) scenarios to expose sensor
weaknesses’ and ‘safety evaluation’. (This result may be due to respondents representing a wide variety of industries including non-life insurance and IT.) It is
necessary to fulfill highly-rated physical simulation functions of Simulation PF about scenarios to expose sensor weaknesses. Also, a tool chain composed of
the solution and SDMG needs to be pitched as the last recourse for safety evaluation.
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We received the free voices below as a result of the survey. Respondents gave us specific opinions saying that they look forward to
certifying via simulation, referring to other simulators that they are interested in connecting with, and talking about a vision of how
to use the DIVP® solution for their companies.

[FOT Questionnaire] Nihon Unisys, Ltd
Opinions freely voiced such as those about the FOT management
Q. Freely express opinions and requests if you have.

. Needless to say, model accuracy is indispensable for a simulation product. Pursuant to our past experiences, we feel that it is crucial for a simulation product to
define how it is used. If the DIVP® Simulator can be used for certification as well as development and evaluation, it will be conducive to accelerating
the social advance of AD. Thus, we would like to see furthermore development of the DIVP® Simulator as a standard tool.

. We would appreciate a place for consulting on test scenarios and maps that can be prepared, as well as time and costs for the preparation.

. At this point in time, we hardly witness vehicles referred to as autonomous driving (AD) cars. In the future we will see some. Then, we would appreciate it if we
can simulate for each type of AD cars.

. We would appreciate a connection with IPG CarMaker in light of vehicle model, and Simulink in light of control model

. Please provide at a low price

. We would appreciate it if the mechanism can be considered to be upward compatible for CARLA mainly in light of connectivity, sensor models, and API.

. We would appreciate it if we have roadside trees assets (including millimeter wave radar features) and spatial drawing functions that would help us
study roadway infrastructural radars.

. We feel that this simulator is fidelity-verified and will be extremely useful for us. The current model does not have fish-eye cameras and sonar functions
that we use for ourselves. We would appreciate it if the functions would be mounted in order to enhance the sensor functions. Also, please include
simulation scenes on parking lots (ground/multistorey/underground parking facilities) as well that would expand the opportunities of use.

. Plenty of feedbacks will return from the perspectives of users in the system development field in response to a commercial release of the Simulator
product in FY2022. We would appreciate it if the information is shared with us as needed about examples of the Simulator use considerations mainly in
the advanced development areas.

. The DIVP® Simulator needs to accumulate track records at OEMs in Japan in order to have competitive advantage over overseas tool makers/suppliers.

. We appreciate the organization for sharing many types of information. We pay close attention to the DIVP® Simulator mainly in light of costs; if the DIVP®
Simulator can enable us to quickly perform as we wish; connectivity through interfaces; and customizability/tweakability. Please let us receive and
collect information continously.
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SIP Coastal Area Demonstration Test and External Collaboration

BSTEP2 status of implementation
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What is attempted through STEP 2 [Simulation based upon Participants’ Scenarios] is to connect the DIVP® Simulator execution
result outputs with various types of models and systems owned by Participants through the use of scenarios adjusted and
environments arranged in prepared virtual spaces.

Nihon Unisys, Ltd
A. Simulation scenarios and environments can be individually arranged in accordance with needs of participants within the framework of virtual environments
created on the DIVP® Platform.

B. Participants can connect various outputs (from cameras, millimeter wave radars and LiDAR devices) of results from virtually executing the “Driving
Environment Objects — Electromagnetic Wave Propagations - Sensors" models with their own various types of models and systems. (The connection can be
performed via csv files)

B_1 Use outputs from a virtual environment :  Transfer DIVP® spatial design outputs into user’s sensor models Provided by
B_@ Use outputs from a virtual environment :  Transfer DIVP® sensor perception outputs into user’s recognition models DIVP®

B_.® Coordinate simulation results (Use simulation results (outputs) as inputs for another processing) User's model
DIVP®'s “Driving Environment Objects
A — Electromagnetic Wave Propagations
— Sensors” models
DIVP® 5 ST 1
|
: i , X
Scenario data SDM Environments Spatial Sensor models B ' Users |
that users need Generator el Design B == control model
Odaiba) User's . | !
Sensor models ‘ ‘ bommmmmmmmm-
@ Spatial Design Output @ Perception Output ® Recognition Output

(Example : Functions of millimeter wave radar simulation) (RV-map)

Signal processing

FFT, Peak search, . Target identification,
QOrientation estimation Tracking
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Furthermore, we will attempt to ensure the DIVP® Simulator’s connectivity (through interfaces) with existing multiple simulation
environments with an aim towards enticing customers to implement the DIVP® Simulator

STEP2 Nihon Unisys, Ltd

Attempt to Connect with Customers’ Environments

Scenarios Environments Spatial Drawing

Customers’ Map data R
environments =1 [Trar S dels (t | del User's User's
_ o ic flow n > ensor models (true value models) | o} ) vehicle
(eX|st|pg i scenarios erléiyr/]:sslzt;leﬂculty in reproducing sensor | model model
simulation 5 E (MATLAB/Simulink, etc.)  (CarMaker/CarSim/
capabilities) g Astl ete)

We want to develop and
evaluate systems and
sensors

existing assets and
scenarios

DIVP®’s “Driving Environment Objects Reterential Referential
- Electromagnetic Wave Propagations control vehicle

T DIVP®-Format — Sensors” models maodel maodel

Scenarios for
surfacing sensor
NEJKNE e

\ 4

=
—
%
~~
2
=
%

We want outputs 6 nD®'|/ F DIVP®-I/F
environment for developing
sensors and recognition

learning

Legend = ® } Connection through the use of standard I/F
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Various types of system needs from customers’ perspectives about using the DIVP® virtual environments and spatial drawing
outputs were collected from the evaluation feedbacks mainly by OEMs, suppliers and universities.
Various types of evaluations were enabled in the DIVP® virtual spaces.

Customers’ Needs Examples Attempted at

STEP2[ Simulation based upon Participants’ Scenarios]

Output

SIIE”8 Nihon Unisys, Ltd

Uses Needs Examples Sensors Create DIVP® Virtual Spaces forms Evaluations
B Create Al Learning Data = B Create a significant amount of images B Recognition SW (Al) development, evaluation
> Mass produce Deep-learning Training = (realistic images)
Data under/of different conditions and tol c . .
scenarios ) Scenarios — = amera Machine learning Improve
o Perception "
) — l Output perrormance
c3|> = of recognition
N . Sw
7]
= drawing performances (of OEMs and suppliers)
MOdels 5 M'"'meter | Oscillator
Evaluate performances of sensor @ =p 4 " (V %f\/ﬂ f\[N\ Wave Rader | AN ¥ a4
models held by OEMs and suppliers 4] Spatial . Amplifier
through the use of spatial drawing = AAAAAA » : ece"""g antefna ol
output data S ; \/\J \Pw Drawing % B
) s convert
B Evaluate algorithms of self- m Create virtually (simulate) bad conditions that B Self-localization algorithm evaluation
> > are difficult to be set in a real world
localization ,_
> Evaluate algorithms for self-localization LiDAR
and trajectory generation in a virtual Perception
environment Output q(

AD-URBAN coordination:
Descriptions of the examples
are on the next page

Vehicle position

Source : Kanagawa Institute of technology, Mitsubishi Precision co., Ltd, AD-URBAN
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8 persons entered in the Tokyo Waterfront Area FOT STEP 2 [Simulation based upon Participants’ Scenarios]
The participants continue specific efforts for evaluating the DIVP® simulator in accordance with their own company’s requirements

up until the end of April.

[ Simulation based upon Participants’ Scenarios]
STEP2 Application Situations

[Total] 8 companies entered

* Implement evaluation in accordance with own
specific requirements. Use own specific
scenarios, attempt to connect with own models

» Considerations were made in a direction
towards permitting the applicant companies as
much as possible to the extent that they turned
in the entry form. Timing and contents were
adjusted.

[ Simulation based upon Participants’ Scenarios]
STEP2 Implementation Plan

+ Contents and timings of support were considered flexibly.
Support resources were adjusted with the aim of basically permitting all applicants as long as they turned in the entry form.
+ Each participant was interviewed before and after January 20, the FOT Step 2 launch date.
Aims and targets are varied depending upon participants.
Thus, workloads necessary for implementation and technical issues are not the same among them.
Requirements were narrowed down and resources were distributed accordingly in an approx. one month from January 20, as reflected into an implementation plan

| o | pec | g | reo | mar | A

November 23 — December 15

Recruit

[Simulation based
upon Participants’

)

(announced
at NEDO’s
homepage

Nihon Unisys, Ltd

Busmess Categories Sensor Types (Needs

Company B

R Company E

Company F

Sensor Company G
Maker

AT Company H
t Tool Maker

Camera

Camera, LIiDAR

Millimeter Wave Radar
Millimeter Wave Radar
Camera

Millimeter Wave Radar
Camera

Camera, LiDAR

In General

ry 20 — end of April

based upo

Tokyo Waterfront City Area FOT
[Simulation

ants’ Scenarios]

Examine the possibilities about creating DL learning data by using the DIVP®
perception outputs (images)

Compare output results generated by (Company B’s) own recognition models
grasping a real world with output results generated by the own models grasping a
virtual world simulated by the DIVP® spatial drawing function in order to evaluate the
DIVP® spatial drawing function.

Evaluate own patterns through the use of the DIVP® spatial drawing function
(millimeter wave radar)

Evaluate own patterns through the use of the DIVP® spatial drawing functions
(millimeter wave radar)

Evaluate own (stereo) camera (connecting with own recognition SW)

Use the DIVP® spatial drawing function in order to evaluate own sensor units

Aim to evaluate sensors developed by own company through the use of a realistic
(highly faithful) environment simulated by the DIVP® spatial drawing function

Use DIVP® on the MBD development standard PF. Evaluate by coordinating DIVP®
with other types of SW products.

[Duties during the Period]

(@ Execute NDA
Execution finished: 4 companies
NDA contents changed: 1 company
New execution finished: 2 companies

. Finalize . . i i .
Scenarios] : STEP2 participants ) Execule simulation Evaluate NDA contents being adjusted: 1 company
. . @ Discuss on purposes and implementation contents, and finalize
Pebiatbisdunniiy simulation-subject contents and schedules
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[Simulation based upon Participants’ Scenarios]

: STEP2

Please find below the summary of implementation situations as of the end of February 2022. _ _
- Descriptions in blue indicate the current situations as of the end of February 2022 Nihon Unisys, Ltd

&
g from OEM
> 3 % = Verify the usability of DIVP® Panelist actual vehicle images partly in light of recognition % through the use of recognition algorithm Executed
8 3 perception output as DL training data u (Progress): Difference results were confirmed at the then current output level available at the end of February (after making
= Tester . adjustments of parameters, positions, etc.) Consider future targets and further implementations of scenarios.
< Evaluation
o . B (Execution Contents):
o EQ Cameras=
S . ® - . - .
é % c_gg . Verify the usability of DIVP® by (L:ioDnA%af actual camera outputs with DIVP® (RAW) output results through the use of own recognition algorithm and similar scenarios.
3 . © .
[Y) @ cqtrrr:palilngl DIVP pe;cciptlon output | | @ Jan 20 Compare actual LiDAR outputs with DIVP® outputs (point clouds) through the use of similar scenarios. Executed
3 with actual sensors (data) (* Tendencies were looked to and checked about cameras and LiDARs, both.)
os} m  (Progress):
Confirmations began about parameter setting items for sensors that will be used and implementation scenarios
] .
Compan . Dt B (Execution Contents): Adiustments are
= \(/:;'ri?yptahng L?S:t:ﬁt}(/: g;‘n SR?I% ° Compare in a basic environment outputs from Company D’s millimeter wave radar and outputs resulting from simulating the Company beijng made due to
o= B o A
55 simulator by comparing own actual | | g Fep 10 *D s millimeter wave radar. ) ) . o partial changes
g sensors and own sensor models e ( Pre_)C|S|on in light of reception level, angle, distance, speed, etc. was confirmed during examining traveling situations in a laboratory
c % with DIVP®'s mimic sensor models - f;‘f;g’,g?s‘jf“)
Ay 2 in the DIVP® simulation ic © ificati i ion wi
D Group @ . Confirmations about DIVP® output contents and IF specifications began in cooperation with Company D Executed
environment Company C to prepare basic verification scenarios
] B (Execution Contents):
»  Verify whether or not the DIVP® Create a new PF environment at Company E. Connect it with own recognition SW environment. B Contents confirmations
: o ) ) ® Hal: )
Suppliers Company § Slmulatgr can be u§e.d for ® Jan 12 Apply a monocular camera evaluation method (DIVP® deliverable) for stereo camera, and verify. were finished (yet to be
3 developing and verifying stereo signed and sealed)
2 camera B (Progress):
Preparations for creating the environment are finished
c.7 g % = Share global coordination
Company & 2o E " nare g . B Share info. B Share information with the DIVP® consortium about global coordination activities. (Company F's
353 situations and examine the use of f bsidiary in J is interested i duall Ki ttempts of alobal dination th h th fC = i0s.) —_
g 3 DIVP® or Nnow subsidiary in Japan is interested in gradually making attempts of global coordination through the use of Company F’s scenarios.
2] ]
= = .
= Enhance knowledge and expertise B Negotiations
Company ) with the aim of evaluating own m Jan 12 B Negotiations on NDA continue about purposes for using information.
about contents
g g sensors through the use of simulation (re. NDA) (Concurrently negotiations continue about using SIM in the SimuLINK environment) X
o 8 capabilities continue
o
" Create examples of coordination ™ (Execution Contents).
_ " P © . Specific examples of using the DIVP® simulator on SimuLINK are virtual scenes where sensors expose key weaknesses as focused
5 between DIVP® and various types of © i - ® i . ; P
Development Company ° ) on by DIVP®. Such scenes can be composed of digital combinations of the DIVP® mimic environments, MathWorks’ recognition Al Contents yet to be
2 SW products on SimuLINK (that can m Jan 21 f ; . .
tool (software) 3 be referred to as the standard PF for algorithm and Fusion algorithm. confirmed
3 m  (Progress):

Business categories
Company Names

o [ o

KickOff

HTo continue

Situations (implementation contents, progress situations)

B (Execution Contents): Adjust to an actual camera position. Generate simulation output images. Initiate verification by comparing with

MBD development)

Discussions began on specific implementation by using output examples that can be mutually provided by Company H and DIVP®.
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The aim of this FOT STEP 1 focuses on participants attempting to use DIVP® in their own environments. STEP 2 participants clearly
indicate their desire to proceed with evaluations by simulating various scenarios about sensor weaknesses in virtual environments.

Nihon Unisys, Ltd

Organize simulation model types in accordance with purposes (Co-simulation)

and what is aimed at FOT
. AD Vehicles
Scenarios Environments . - . . .
Fusion/Control @ Vehicle Motions

SAKURA

Spatial Drawing

o » Map data . , 7
Existing % | | Traffic flow . """ Sensor models (true value models) Company B
simulation % scenarios = openscenarpe < Key Point> difficult to reproduce ANS
models ; sensor weaknesses [Value to Be Provided]

the use of virtual space

n
|
n
~f System evaluation through
|
n

We want to develop and
evaluate systems and
sensors

existing assets and

[Value to Be Provided] .
Sgenarios

Provide scenario connectivity and sensor/physical
models

Referential Referential
control | vehicle
maodel

[Value to Be Provided
DIVP® -Forn Egvli_rtonments, spatial drawing, sensor models that are of high
idelity

* DivP

Scenarios for

surfacing sensor [
weaknesses NIVD® |/F '1IVP®-I/F

[Value to Be Provided
Provide virtual spatial models about sensor weaknessegg,

SIS/ STIN

legend EEEHE ) Connection through the use of standard I/F
learning
=

Expectations for the Next Step ..? IvVP
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SIP Coastal Area Demonstration Test and External Collaboration

BAnalysis Results Discussions and Future Direction
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The intention is to divide the requirements into R&D issues and commercialization issues and take specific actions.
Also, we will proactively look for requirements through the on-going FOT Step 2 phase and future user surveys.

Nihon Unisys, Ltd

Summary of Requirements Known through User Surveys(as considered for reflecting on future plans)

Iltems of Consideration

R&D

* Digitally reproduce real environments
- Road conditions: wet road surfaces, puddles, accumulated snow, sunlight reflections
- Meteorological conditions: rain, fog, snow, moonlight
- Sensors: impacts from sensors of oncoming vehicles and other vehicles, dirt and
SNOW 0N Sensors

+ Simulate scenes where sensors do not work properly
-Evaporation of pedestrians, backlight on traffic signals, etc.

- Simulate vehicles
- Vibrations, posture changes of vehicles, etc.

Issues about Commercialization

Products

 Improve SDMGenerator functions
- Fulfill furthermore functions for operability and creating routes and scenarios
- Fulfill assets for reproducing real environments

* Improve the simulation PF functions
- Improve computation speed
- Develop IF for connecting with other systems
- Referential models (parameter settings)

Schemes

+ Create arrangements for coordinating with other vendors
- Fulfill sensor models
- Partners for co-simulation

- Create arrangements for supporting for using the DIVP® simulator partly for services
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We obtained feedbacks about DIVP® evaluation as well as users’ situations and expectations through the FOT STEP 1 and (ongoing)
STEP 2.We considered the directions for the DIVP® products with an eye on users and markets.

Feedbacks from the FOT and Considerations on the Future Directions Nihon Unisys, Ltd

Feedback

FOT Summaries

User Situations and Expectations DIVP® Evaluation (good)

®  AD development simulation prevails to some extent
: . ifically among OEMs)
B 56 companies participated (speci - . m SDMG
(OEMSs, sensor makers, and other companies of " fStrong ctilemapdslfc;r fulfllllqg assetst and su.pt)portlng OPEN-X « Fulfill assets and support OPEN-X (scenarios and driving, both)
FOT different industries such as damage insurance) - ﬁ;ggefilfl%esggoas'gn eons\./:onrgs::ezgi:w :r?grsrﬁances is + Operability
B The participants understood the DIVP® features hasized 'tl'lu xposing p P : ® Simulation PF
STEP1 through the use of Portal Site functions. We =e}n;\p asize V\;' ) fot luation is being developed + Reliability proven by physical simulation, fidelity by verification
conducted surveys about their expectations and m St warzness gr ?a elyeva :J.a.tlo.n 1S ltelng c(jave oped. (scenes to expose sensor poor performances)
possibilities of using DIVP® for their businesses rong demands for connectivity Is witnesse « Connectivity (prepare IF. support Simulink)
(desirous of connecting with simulation systems and
models)
B 5 companies (8 persons) evaluate DIVP® outputs B Actual vehicle evaluation through simulation cannot hold any m  (Example: gameras) - . o
; L . . 32 colors x 32-bit superb capabilities of expressing realities =
through use cases longer. Desirous of examining how much simulation can Simulating sensor poor performances. decisive for evaluatin
FOT B The participants attempt to connect DIVP® with their serve sensor egrformancF;s P ’ 9
STEP2 own models and environments after confirming the || ® Strong demands for evaluating and developing in virtual p
® . . ; . - B Environment x Scenes to expose sensor poor performances
DIVP® performances and functions environments (OEMs’) own algorithm and (Suppliers’) own ) : . .
: . o . (packaged scenarios) enables variable evaluation environments
B We conducted interviews about specific methods of models are witnessed . L e . N
. B Flexible connectivity (specifically, SimuLINK is highly expected)
sensor evaluation
Reflect onto the Future Plans
Expectations from users / markets DIVP® (Simulation PF & SDMG) Products
(about using the DIVP® simulator) *)
Establish the position as unrivalled simulator in the arena of AD
» Improve QCD furthermore in AD development development and safety evaluation
» Establish and obtain a methodology for safety evaluation . . . .
» Create environments for true value + physical simulation

» Strengthen and develop scenes and scenarios to expose
sensor poor performances
» Ensure connectivity (OPEN-X. simulation IF)
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Promotion
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Accelerate efforts to disseminate research results worldwide and promote use of intellectual
property with eyes on commercialization

Promotion

ASAM Regional Meeting OpenDRIVE Concept Project and Other OpenX Projects  Mitsubishi Precision

2021.6.29

Japan 2021 From a Tool Vendor Perspective Kazushi Takeda
Safety and functional validation of autonomous driving (2)
Safety Engineering Construction of an automated driving safety assurance
2021.7.1 Svmposium 2021 environment in a virtual space Hideo Inoue
ymp - DIVP® Introduction to the (Driving Intelligence Validation
Platform) Project -
Autonomous driving intelligence system to support the
Gunma University Next independence of the elderly and realize a safe and secure
2021.7.26 Generation Open Innovation society Hideo Inoue
Council -Evolution and validation of safety technologies in
autonomous driving and driver support-
2021.9 CASE workshop seminar Development of techno!ogies for automotive products that Hi_t.e.)chi Astemo
support autonomous driving Shoji Muramatsu
Kanagawa Institute
. VALUATION OF APPARENT RISK BY USING of Technology
2021.9.21 FAST-zero 21 HARDWARE-IN-THE-LOOP SYSTEM Shot?rq Koyama
Kenichi Uehara
Hideo Inoue
SIP 2nd Phase: Automated
2021.9.30(JP) Driving for Universal Devepmemt of Driving Intelligence Validation Platform
PP Services (DIVP®) for Atutomated Driving Safety Assurance, p91- Hideo Inoue

2021.12.6(EN)

-Mid-Term Results Report
(2018-2020),
The 11th Toyota

p97(JP), p.89-94(EN)

Tokihiko Akita

Paper presentation

Academic Trends February Simulation Technology for Safety

2022.2.1 2022 issue, VOLUME 27, Assurance of Autonomous Vehicles -
NUMBER 2, DIVP® Project, p 87 -91
ICCVE2022 Coference, IEEE s .
- . ’  Vehicle-in-the-Loop Testing — a
2022.3.8 Technical program: ADAS/AD 0o ative Study for Efficient Validation

System Development

ICybersecurity of ADAS/AD Functions

IPs

Consistency verification method and system for
On-Vehicle camera simulator

(At the time of preparation of last year's report,
this year's report is included because the
application was not filed.)

Japanese Patent
Application No. 2021
048977

2021.03.23

Hideo Inoue

Christian Schyr
Hideo Inoue
Yuji Nakaoka
(AVL Deutschland
GmbH/Kanagawa Institute of
Technology/ AVL Japan K.K.)

Sony Semiconductor Solutions
Corporation

Technological Institute . - Toyota
2021.10.21 Smart Vehicle Research Smart Vehicle Research Center Activity Status Report Technological
Center Symposium Institute
Driving Intelligence Validation Platform for Automated
2021.11.10 SIP-adus Workshop 2021 Driving Safety Assurance Hideo Inoue
Report on research results
9th Autonomous Driving Development of automated driving validation environment .
2021.12.8 Safety Conference 2021 improvement method in virtual space; DIVP® Project Hideo Inoue
2022210 Invited lecture .at CAE Pevelopment of autonjatgd driving validation environment Hideo Inoue
Forum 2022, Hideo Inoue improvement method in virtual space
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END ®* DIvP

Tokyo Odaiba — Virtual Community Ground
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This report documents the results of Cross-ministerial
Strategic Innovation Promotion Program (SIP) 2nd
Phase, Automated Driving for Universal Services (SIP-
adus, NEDO management number: JPNP18012) that
was implemented by the Cabinet Office and was
served by the New Energy and Industrial Technology
Development Organization (NEDO) as a secretariat.




