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Japan Automobile Research Institute, Senior Researc he‘r\ > &

-2012
-2015 -18
-2016 -17
-2018 -

-2023 -

- Record of awards

-2016
-2018

-2019
-2023

-2025

* Personal history

Receiving PhD from University of Tsukuba

National research project funded by Cabinet office (Project Chief)
Development of Automated Driving Test Center (Project Chief)
National research project funded by METI (Project Manager) ,_mked,n Researcheate

MIti-agnt Traffic sim.

(SAKURA : Safety Assurance KUdos for Reliable Autonomous vehicles)
Associate Professor of University of Tsukuba

(Collaborative Graduate School Program)

JSME 26th TRANSLOG Best Presentation Award

62nd AAAM (Association for the Advancement of Automotive Medicine)
Medicine) Best Poster Award

JSAE 69th Award (Technology Development Award) aree—
7th FAST-zero'23 (Future Active Safety Technology toward zero traffic

accidents) Best Paper Award
JSAE 2025 Spring Congress Best Presentation Award
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1. Looking back of SAKURA project (2018-2025)
2. SAKURA project outcomes
(1) Defining reasonable foreseeability

(2) Defining preventability

(3) Provision sufficient and necessary scenarios

3. Concluding remarks
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& 1.1 Background

® Realization of Automated Driving Systems

v" Automated Driving System (ADSs)

- Key teChnOIOgy fOF fUtU re mObility Jama Automated Driving system
- Need for new safety assurance - sotty et AD-URBAN

and evaluation methodology

\ A g DIVP

llw'»;: ntelligence Validati

« Simulatio

Ja:spi?

+ Standardization standardizatio

v" All-Japan initiatives
- Contribution for international rule FYMETI (O MUIT # Cabinet Office
making (standard/regulation)

PEGASUS project (Germany)
- Scenario-based safety evaluation
- 6 layered scenario structure

Safety evaluation methods for ADS through international collaboration
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’}( 1.2 Project outline
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® Our goal

4

’%‘ SAKURA: Project goal
Safety Assurance KUdos for Reliable
Autonomous vehicle

Scenario Update Data Update/Management

Scenario/Standard

- Proposing safety assurance concept
- Contribution to ISO/UNECE e

Concept

Public Model Implementing

Functional,,, Traffic Flow
Road Test Approval  Marketing

Requirement] Simulation

v' Eco-system for safer AD developing

Test Course

1. Utilizing scenario from upstream
2. Linkage to simulation platform
3. Continuous updated scenario

Establishment of a development process that continuously realize safer AD
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® SAKURA project activity history (2018-2025)

B UNR157
& JAMA framework (v1) & JAMA framework (v2)

Project start-up Scenarios for UN R157

Proposal of C&C Driver Finalizing 1SO34502

v' Approval of Committee
Draft, Draft of IS
v" Outcome (4th year)

v" Following German v" Proposal of JP concept

PEGASUS project

v’ Safety requirement and

criteria for ALKS

v" Outcome (2nd year)

v" Outcome (1st year)  Defining way of v" Outcome (3rd year)

» Scenario structure in foreseeability and * Parameter ranges (Cut in, » Scenario expansion

(LC, Merge, Branch)

highway (32 patterns) preventability Cut out, Deceleration)
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® SAKURA project activity history (2018-2025)

B 1S034501/34502 ® UNR157 (Revised) & 15034505
& JAMA framework (v3) B 1S034503 B 1SO34504 & JAMA framework (v4)

Publishing 1SO34502 Best Paper Award New UN ADS guideline New UNR-ADS in WP29
v Reflecting research v Prototyping SAKURA v Support of JAMA v Joint updating JAMA
project outcomes in ISO scenario DB (1st trial) framework updating framework
v" Outcome (5th year) v" Outcome (6th year) v" Outcome (7th year) v" Outcome (8th year)
* Urban domain scenario » Pedestrian scenario * Parameters of pedestrian » Eco-system concept
structure (58 patterns) structure (8 patterns) crossing scenario for safer AD DevOps
8
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Overview of SAKURA Project
— a Japanese safety case approach —

Exploring and deepening by international conference, and on-site investigation
2026.3.5 SAKURA Final Event 9



v" Europe
- Germany
- United Kingdom
- France
- Netherlands
- EU HORIZON
« SUNRISE
» SYNERGIES
« CERTAIN

v Asia
- CARATC

Combiner
ISO WG9

® Precious relationship establishment through SAKURA

— mVlrglmaTech

ortatiol | stitute
GAE é‘\ o {8

I \ qutéfi&w

== Moove
v

IS03450X
TC22/SC33/WG9

UN regulations
WP29/GRVA/VMAD

v" North America

- Government
e NHTSA
« DOT

- Industry
« SAE
« AVSC
* Waymo
* Aurora
* TORC
* VTTI
* Mcity

etc.

Information exchange and in-depth discussion for AD safety assurance
2026.3.5 SAKURA Final Event
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- 2.1 Noted |nternatlonaI/domestlc\trends

\\\\\ S

Domestic trends (Digital Agency/MLIT)
FORIF 2) MuT

Ministry of Land, Infrastructure, Transport and Tourism
— 5;2020/21_/22/25— Dlgltal Agency Mty re, Transport a
JAMA Annex G H 2024
Automated Driving Safety 2021(v2) Digital Agency
Evaluation Framework (v4) Priority measures to establish societal rules for ADSs

- \\ . : :
&- Regulation Micro/macro Reparation for o
= Certification Cause analysis injury/damage el [EIsy
3 Gertification
202285 2020=2022— 2025
1ISO3450X(1/2/3/4/5/6/7/8) . .
Published: 34501-5 MLIT (Ministry of Land, Infrastructure, Transport and Tourism)
UN-R157 Guideline for ensuring safety of Autonomous vehicles
Framework/Scenario/Criterion
P PEIT (Concrete methodology) Fundamental concept about safety of ADSs
:::r::v::::r:oiz:n‘::: on a;to;nat:;lietgi:lo;ou: vleh.icles‘ FormUIate ADSS Sha”
1) comply with Road Traffic Acts
E 2024 2) avoid collision toward others that complying the Acts
Guideline & recommendations | ® ADS safety requirement 3) do best effort for collision avoidance or damage mitigation
for ADS safety requirements, @ Simulation credibility New UN-R - towar.d other trafﬁc pqrticipapts dp not comply it
assessments and test methods ® Documents for audit Reflect 2026.6 - even if event falls inevitable situation
to inform regulatory ® In-service Monitoring Al WG
development & Reporting etc. New safety requirements guidance based on relationship whether

(2025-) complying with Road Traffic Acts or not

Necessary to embody plausible and desirable certification procedure
2026.3.5 SAKURA Final Event 12



® Prevent reasonably foreseeable and preventable accident

Automated vehicles shall not cause any non-tolerable risk, meaning that, under their operational domain, shall not
cause any traffic accidents resulting in injury or death that are reasonably foreseeable and preventable.

UN/WP29 (2019)

A

Reasonably
Foreseeable
Zone A

No accident with injury or death

Foreseeable

Boundary ADSs are required to prove the absence of
unreasonable risk in this zone.

Preventable

Preventable
Boundary

2026.3.5 SAKURA Final Event JAMA 2025 13



SAKURA.

NV
eability g

Previously described functional scenarios
(e.g., Cut-in and Deceleration)

® Foreseeable boundary (scenario structure/real traffic data analysis)

1. Acquisition of real traffic data < =

F Naturalistic driving and Fixed cameras over roadways

1 @ — ™ (1m1)

&
] 2

& % e
\ ~ >
= T el

2 . Generation of vehicle behavior data ‘

3. Definition of the required parameter ranges
and limitations

,/ - Vehicles' lateral and
longitudinal velocities

'\ - Relative distance

Subject1dx0 3

5. Extraction of parameter value

SR RN 4. Extraction oftargeted scenarios _(,/\/
i C : )
o

nﬂ | |

o L 20 hll.._

~

S
\

7 . Setting of specific parameter range

_ . ~| 6. Estimation of parameter distribution
.
Il,"“‘..‘"' = 4

Freguency

Lateral speed :

Derivation of reasonably foreseeable parameter
combinations

»

Nakamura et al. (2022)

Defining reasonable foreseeability based on real traffic data analysis
2026.3.5 SAKURA Final Event
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® Preventable boundary (Competent & Careful Human Driver' modeling)

* A human driver who possesses the necessary skills and knowledge, complies with applicable road traffic laws, remains continuously attentive,

and operates a vehicle with appropriate capability and care while maintaining awareness of surrounding traffic participants.

[Responder]
UNR157 C&C Driver Model for ALKS

Perception Braking

Emergency braking area y | time delay
Li0:4sec -

= -

S §ro.z

| Sy =203
a0z =

Deceleration
COED

& THW:2.0sec > Hard braking

JAMA (2025)
[Initiator]

R79 equation of S.ica to calculate
scritical = (Vrear = VACSF)2 / (2' a) + VACSF ' tG

(t) () (t) () (t) () (to X
|| “l
S GEREENED (e e
(=0 =0 = () ﬂz]
- Direction of travel

VACSF) - tB ( rear

XZ(Scrilical)

- Direction of travel
NTSEL (2022)

JAMA (2025)

[Outcome 1] Concept/evidence for driver model

80

Ego-vehicle activates the turn signal Safety criterion calculated by inferior human driver model
Ego-vehicle initiatiates lateral movement 70 . \ e
! ! & Perm /
Rear vehicle Rear vehicle Minimum 60 ”
driver reaction time deceleration rate final gap time —_ +
2.0[sec] 2.6[mis?] E o A /
to t1 t2 ¢ 4+ BT T e
I I to \ 8 e g
t t1 2 Bao b, e, N 4
> BN A -
t0 m t3 3 Rl P i
(=D %) ED (ED (LD 2, [ -
o *
- 20 |+ =t
Rear vehicle | : i \
Brakin +
& w |15 i + Actual + Real cut-in case
o
* LC vehicle velocity 60km/h
0 T
Concept/parameter/value o 10 2 m o @ e

Relative velocity[km/h]

[Outcome 2] Safety requirement for ADSs

[Responder] [Initiator]

R
=
8

[r;/os dy0=1.6m LC vehicle velocity 60km/h
o - Permission _» Keeping the
: g lane ’
320 B 0 g current lane
8 1s E 100 d}m@ — i)
FS o ~ 138 N Idle running distance
- £ ;;——
2 g ’
. = 50 53 Stopping distance
o
EHHEH P R R Attt L L L] — |
0 ) = — 10 ~ 50 = 30 20 '50"' — '60 [m] o i Minimum headway distance

Lonaitudinal distance [dx0] 0 10 20 30 40 S50 60 70 80 90 100 110 120 130 140

Relative velocity[km/h]

Defining preventability by comparison with appropriate driver behavior
2026.3.5 SAKURA Final Event
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* (3) Provision sufficient and. necessary ik e

SN

® Applicable test scenarios for both real/virtual test

Reasonably foreseeable
‘/ EVidence Of pa I"a meter range Traffic data Prameterization Extrapolation Modelingac?ompetent&careful driver behavior
. . U i Distribtion : = B @ > '“ Ko ﬁ’ > %ﬂ
- Analysis result based on actual traffic flow alll , oI E -
 Validate functional scenarios /\ """' """"‘*
e Estimate parameter distribution e ¥ e |
- Safety criterion defined by C&C driver model | |
* Preventable boundary v
- Near crash/Accident scenarios H?ﬁ 1 Gomprehensive S T
* under development R

Q : ]
R > .
'

% tests Rumes

2 Elexible Scenario.design

M

Comparlson with—

v Linkage to simulation platform

\

other countries : = '
) Results
- Output standardized format file . Reference of standards + i Rechalilaos
. =m-Acciden -
(OpenDRIVE, OpenScenario) 5 ~

SAKURA scenario DB for safer AD development and evaluation
2026.3.5 SAKURA Final Event
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® Methodology and platform for practicing JAMA framework

& Astah System Safety - [C:¥demo¥SAKURAModel.axmz] ()
File Edit Diagram Alignment View Tools Window Plugin Help

v @S v LAY Dy

* Methodology e R
[l

Structwre  Map Diagram  Search
e — =R 1 T sample / SysML Block Definition Diagram [SAKURA_Scenario_Sample]

[ ] B v

] !iﬁK:yzaTﬁ:;el - AP ? EEAMrrvove > —vd wvh 4, D TrOr\ vv@ T+ 2 L0
viaence

+ RoadGeometry -

I_:l

S SAKURA Scenario £
Traffic disturbar

Surrounding vehicle motion

Surrounding vehicle location

LK_Cutin I

%I Cutin

9.Ahead of Lead(+1)

Traffic disturbar
[E] 1Lead(l)
8] 11 J/
. . .

[B] 2Followine(F) Road geometry
[B]2->1
[B] 2->2
[E] 3Parallel(Pr-f) J/ \L \L -Lane1

a n d n e C e S S a ry [&] 5 ParallelPrr) | Main roadway ” Merge ” Branch | I Ramp | Lane2 | | TS | | R
[E] 6 Parallel(PH-f)
[&] Adjacence Lane
[E] Backward v m m

< S el 8.Parallel(Pl-r) |—| 2.Following(F) H 5.Parallel(Pr-r) I A Acceleration LK_Acceleration
T

[g] 152
I Ego-vehicle location | Ego-vehicle behavior
[B] ¢ Parallel(Pr-s)
[&] 7Parallel(Pl-s) 6.Parallel (P1 ]_| 1.Lead(L H 3 Parallel(Pr- |
. Tirey ||| [ ] =L Y sl IEE
scenario
(] Acceleration 7.Parallel( (Pr-s)

LC_Acceleration

Base Hyperlink Initial Visibility
Namespace  SAKURA Scenario Sa.

Narme. Traffic disturbance sar I 32Cases | I BlindScenario WP _No.02
[ Frame Visibility T — v
>

<
av
Ontology Scenarios

Frame's Model Element Type Visi

Frame's Diagram Name Visibility
Definition

Variation
Settings

* Test spec design
 Scenario DB T Tl ———T

Classification number_of_lane Road ID EV_Behavior from to
|

Number Scenariold Image OV Pos 0V2_ Pos 0OV _Behavior Ext

f. ff. [
to C O n I n e S u I C I e nt 000004 LS-THC-G1-2-E1-10-008-2010 % — ‘glMam roadway |2 el-2 elLane keeping |1 0 2Following(F) Acceleration
d |
y = |
: 1 0 3Parallel(Pr-f) Cut-in

000005 LS-THG-G1-2-E 1-10-00B-3030 3 €1 Main roadway |2 el-2 &1 Lane keeping
L | \

scenario : s

count: 28 sort: Disable

Under improving
Trying to provide useful and effective platform for safety evaluation
2026.3.5 SAKURA Final Event
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¥ patterns Update
(Pedestrlan)’ (regular)

‘m \/
Continuous and regular updating test
scenarios for safety evaluation

iAlctuaIi T 58 pattj'ns
i (Vehlcle)

= ._| EEE -|'. -7 -
B

/
ndevelopment

“ 1 Requirements

engineering

Tier 1 System

2 design
-

3 Functional
design

Tier 2 ...

_T Accelerating SDV

design
development

2026.3.5 SAKURA Final Event
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AD System

4 Unit / component

N\ /// \
Toward eco-system for safer AD. realizationg

\\\\\\\ -

v N\

Update

(at any time)

Traffic flow DB

Measurement vehicle data
Fixed point observation data
Accident data

Near crash data

DSSAD prlZ €— Collection

feport

N

extraction

?ADS certification / ISMR
/\{I\' 100 places (|n 2027)

‘\' '\/\l 50 places (|n 2025) |SMRZ In.—Service
Accelerating social Monitoring and
implementation Reporting

search

Scenario Database

e

SAKURA:

Safety Ass a ce KUdos fol
Production

Authorization— /s
ales

OEM
A
System testing 6

] lr Tier 1

EV model
Expanded scope Functional g
testing

of application

Future contribution to shorten
development period of SDV

SDV: Software Defined Vehicle

Tier2 ...

Development
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Rkt Autonomous Venicies
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’}5 3. Concluding remarks

® About SAKURA project

- to research methods and means for practicing JAMA Automated
Driving Safety Evaluation Framework

- to lead discussions on rule-making based on international
collaboration and coordination

® SAKURA project outcomes

1) Defining method of reasonable foreseeability and preventability
2) Continuous input into discussions on international standards and
regulation

3) Scenario provision related to real traffic data for safety evaluation

Further establishing methodology and platform to accelerate AD development
2026.3.5 SAKURA Final Event 20
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’%: Exhibition area

FRotatie

® 11 exhibition booths

DIVP’s Simulation Platform for Data-automation Toolchain for Safe

Testing Under Various Traffic Development of Automated Driving
em— AD-URBAN's I?rptotype: L4
ooy Automated Driving Vehicle

Driving Vehile
‘ > / Overview of European Projects
/ "4 (SYNERGIES/CERTAIN etc.)
|
Methodology to Confine Sufficient /

and Necessary Test Scenarios Exhibition area Pedestrian Simulator based on

| " ™~ Mixed Reality Technology
—

Fixed-based Traffic Data
Measurement by LiDAR sensors

Advanced Technology for Precise

- /
Localization of Instrumented Vehicle /
- /

Scenario Extraction Algorithm for Scenario Database to Providing Test

Confining Tool of Scenario Patterns
based on Road Traffic acts

2026.3.4 SAKURA Final Event (Day 1) 22
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Thank you for your attention, .

. urance KUdos for
Rellable Autonomous Vehicle,

{ . ~ = X - -
Tr'ade .d Industry of"ﬁpan funded this research hrough the SAKURA pro;ect

= The Mmlstry of E onomy
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