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JAMA: Activities of the Automated Driving Committee _l:ama

1. AD Safety Evaluation Subcommittee 4. AD Road Traffic Law Compliance Subcommittee
April 2018- December 2018-

I T — - Unified industry interpretation of traffic- oy 9

v Real-world Observation DB related regulations in Japan L

v Safety demonstration criteria ) dfﬁ/ t:r?erlsnsgalgg ﬁg?’e éngf.f,.tr? realize u
v' Safety demonstration scenario framework| g

2. DSSAD Compliance Review Subcommittee _5. AVP Working Group
June 2018- April 2024-
& or SN

. . . « Classification of functions and use cases for
« Keeping records of operating conditions AVP social implementation
. Eor autom?ted Veh'dei. thod g « Industry response to domestic and
Space O Soty SPSISECH IIER0Cy S international regulatory developments
cooperation with related subcommittees related to AVP

3. AD Requlatory Compliance Subcommittee

March 2019- g@\
« Compliance with WP29 international u

standards (GRVA, IWG, etc.)

« Compliance with Japanese safety
guidelines and safety standards




Purpose of the Automated Driving Safety Evaluation Framewosi@rma

\

[ [Purpose]

v _Optimal solution for automated driving safety evaluation methodology based on actual
development processes, as proposed by the Japan Automobile Manufacturers Association

v" To publish this framework as a publicly available white paper and strengthen international
collaboration initiatives, including ISO standardization efforts..

|  AD Safety
=« (| Evaluation S Ver2.0 Sae Ver4'.0
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UN-R157 ISO 34502 IS Published ISO 34502 2nd
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Road vehicles — Scenario-based safety evaluation framework for Automated
Driving Systems

INFORMATION ©

https://www.jama.or.jp/english/reports/docs/Automated Driving Safety Evaluation Framework Ver4.0.pdf



https://www.jama.or.jp/english/reports/docs/Automated_Driving_Safety_Evaluation_Framework_Ver4.0.pdf

Updates to the Safety Assessment Framework Jama

B Expanding of the safety assessment scope from motorways to general roads

Ver 1.0 - 3.0 Ver 4.0 (2025)

® Primarily focused ® Scope Expansion: General Roads
on motorways ® Added Target: Vulnerable Road Users (Pedestrians, Cyclists)

® Reinforcing Explanation:
Perception Disturbance Scenarios and Simulation Validity Verification




Safety Evaluation Framework Development Cycle Jama

Development of Safety Assessment - "0 cRoUEtanddid GEVEOpment
Methodology Methods Using a Scenario-Based Approach Oe)|E1se]18[e ]y B -Japan-Europe-US white paper publication

-Input of Japanese proposals to GRVA

Method Development

- Standards
Automalied Drivin sy Internatlo_nal Proposal 4
Evaluation-Fragpework -Method Maturity an
-Building Partnerships Regulations

€

SAHURA

Jama

Development of Tools e

e -’k,; una

—e2 DIV

Practice and Verification

(Verification of Feasibility and Execution of
AD Safety Assessment Methods)

Implementation under an
All-Japan framework

-Implementation of Scenario Database
-Adaptation to MLIT Safety Standards Utilization ... mIAY=E AD-URBAN ROAD&L4

/Guidelines Specifications




Key Issues Regarding Safety Assurance Jama

g Safety in automated driving cannot be ensured solely through long-
distance endurance testing

Field Operation Testing Various traffic conditions and environmental conditions

Road rlm——
geometry e o («
i,

Objects
difficult to
recognize

\L1117

Difficult to
recognize
environment

For societal acceptance of automated driving...
It is essential to demonstrate system safety with high levels of “transparency” and
“explainability”.

Defining the scope of verification for safety-related
allenge
phenomena that could actually occur




Safety Principles for Automated Driving Jama

Preventing reasonably foreseeable and preventable traffic accidents

Automated vehicles shall not cause reasonably foreseeable and preventable traffic
accidents within their Operational Design Domain (ODD). (WP29 Safety Principle)

(UN/WP29, 2019, WP29-177-19, Framework document on automated/autonomous vehicles)

A

Reasonably

Foreseeable
Zone A

The system must avoid accidents at Physical Limits / Damage Mitigatior
all costs Ract Effart

Within this domain,
'Demonstrating that traffic accidents and

unacceptable safety risks do not occur’
is the key point.

Preventable




Approach to Problem Solving Jama

( )

The three elements of driving behavior:
Perception Disturbance - Traffic Disturbances - Vehicle Dynamics Disturbances

(Perception) (Decision) (Operation)

Construct a comprehensive scenario framework from a safety perspective for each of the three elements with differing principles

Dynamic Driving Task

Non-deterministic systems

O A
O
OO O . . . . ¢
Perception Traffic Vehicle Dynamics -
O O Disturbance Disturbances Disturbances AR
. . . , —
O O o O Sensor- and environment- Collision risk from road Vehicle instability due to - - Q/’s 2
O O related detection degradation geﬁmletry and surrounding road conditions and wind r = AN
vehicles, ' ~ - - _
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O m m :{@g st . 00 &i‘((@’ %_D)ﬁ ~ -
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The causal relationships with By identifying the root cause,
traffic and natural phenomena enables the scope of
are complex, and the scope of verification to be "specified"

verification is "'U nspeciﬁed -




Scenario Structure: Traffic-related critical scenarios _l:ama

Traffic-disturbance scenarios systematically combine safety-relevant factors
» Extract exhaustive and finite scenarios

/ General vehicle traffic disturbance scenarios /

Road x Ego-vehicle X

geometry behavior

Surrounding traffic participants

[ Location ][ Behavior ]

General-vehicle traffic-disturbance scenario structure (schematic)

'? Surrounding traffic participants location and behaviour li:. Ego vehicle Pedestrian behavior
W ¢ | Subject-vehicle Going straight Lane change / Swerving Turning & Pedestrian . L
Road sector behavior Same / Crossed(from R/L) direction On coming Same / Crossed(from R/L) direction On coming Same / Crossed(from R/L) direction On coming ’ On driving path Into driving path
Going straight o po— o — G oo B0 g o v o e | P ) g, % d")’o-’ﬁ
— x £ i T - 1° d fn 1 & 3 i
(Lane keep) Nol b No2 a No3 T No4 _:yn_u}/ No5 L T}:’ No6 = '::}’11_' No7 dur No8 (;_.’ﬂ 0 & b E vwﬂp
non- d v Tde o e _— ryo  “VpUp |
. ) x x = Go straight (A | mi—-
intersection = B = N d | d 0 t
d o e L L . | e - L x0 X
Lane change [No9 u;f,_,’?m\ Noto| TR\ ™ Not1| 5’[&}, notz| LS Inors \Falnota| o ot i |Nots, o P Note| EERN e = .
N _— o —— _— i e o e g . .
3 <0 — — = Non intersection -
> Dy X 2 d, X
> ] . a. a o ) D =2 .
% GoLlng sf(ralght Noi7| CEES- E=E Notg| DEE— B\ o EHE— ey |\ o0 [EHE—- e No21 |XR—= KRR\ #L=3|No22| 2 5
a (Lane keep) Tda e T, L [ ey e o r ﬁv vp,ap ! vp,ﬂp
3 | Merge zone - - - — 2 Lane change d |
S a 4 a = ryo |
g = i = o m—— = o || =3
2 Lane change |No23 ™8 No24 Nozs| | No2s| 1S T no2r s No28 > _ ] —
g i g Cde L s ] dxo x0
g Going straight = LD dyo dc Do I l{;fakj 2 o«
o 9 N | No2g| THES EEB— |\ a0 EEE e o | e |3y CB— v, & | No33([aE— AR eER|No3s| = L .
€ (Lane keep) e e s L s [ dyy ﬁ‘v P | UpsBp
& | Branch zone = = fo o — ‘E Gostraight | dyo L b | |
9 a4, a e P, = H A
& Lane change |No35 = 56 o/ No37 o/ 501 o3| et ﬁ’{’w No39 /i) Nodo| (KRS o) g dy
3 al e Ty = 1 . -
e = — 2 Intersection
a, d. Dswy a, mr:: }..
i i i _Y",!“ljr dyo p— A
Going straight |, | EEE—dta— | | €3 Noa3 ||| ER= S [ T No45 4 No46 o o[ Noa7 PR Noag| % No49) E},“&_‘J vy |
(Lane keep) o - deo ik Ly ) swx x y 8 e L w0
FL, o wratidta, 0 diof i p:Yp
Intersection e nn - Tum =n ] (o | o .
Gt oV dyo m‘f‘ 5wy || i i dcr[lj p.op
Turning  |Noso ['T’h:["_' Nos1 nos2| PN INos3| g ol Nosa Ty ) e |NosS|Ba RS ol Noss'j:fi"\ No57 ; Nos8 [!ld/w\_ﬁ] derxo R
dyof A"l‘ @, m dyot .'-,,;‘ & o dof Qs deo

Vehicle x Vehicle (Exclusive Lanes & General Roads) Scenario Vehicle x Pedestrian Scenario




Scenario Structure: Perception-disturbance scenarios _]:ama

Derive a necessary and sufficient evaluation range for perception-disturbance
factors based on sensor perception principles.

Traffic Environment
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Scenario Structure: Vehicle-dynamics disturbance scenarios _l:ama

A condition in which no accident occurs, even if vehicle motion
changes due to sudden disturbances.

. Impact on Tire

Body input force ——— |:| Impact on Vehicle body
(lateral wind)

Safe state:

Tire input force
(Lateral / SAT)

Tire input force
(Lateral / SAT)

/ Vehicle disturbance /
|

[ Body input ] [ Tire input ]
| [
[ | I |
Road
Natural Road s.m.'face Tire condition
geometry phenomena condition
| |
| | | I | | | |
Late:ral Longitudinal Curvature Crosswind Tailwind Ht.aad Coeffu:l.ent of External f?rce Puncture Wear
gradient slope wind friction on the tire




Safety Assessment Methodology (Criteria) Jama

Fundamental “Within the reasonably foreseeable range, an automated driving system shall
Concept of the | demonstrate collision-avoidance performance equal to or greater than that
Safety Criteria | achievable by a Competent and Careful human Driver.”

Competent and Careful Human Driver (C&C Driver)

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 surrou nding traffiC pa I‘tiCipa ntS. Source: Japan Automobile Manufacturers Association (JAMA) Website: Automated Driving Safety Evaluation Framework Ver4.0

HUMAN COMPETENT AND AUTOMATED
DRIVER CAREFUL HUMAN DRIVING
A driver who may DRIVER A driving function that
become inattentive A human driver who possesses automatically performs all
and violate traffic rules the necessary skills and all or part of driving tas

due to fatigue or knowledge, complies with afic without direct human
other factors. laws, remains alert, pays operation.
attention to surrounding raffic,

e o o and drives with sound
judgment and care.

IA

S




Safety Assessment Methodology (Criteria)

Jama

Execute avoidance maneuvers via braking to counter collision risks approaching the vehicle

Establish a Competent and Careful Human Driver Model

Perception Decision Reaction
Decide emergency Foot Time to enable
Breaking is required | Release accelerator pedal | transfer braking
A > g 1 4
O
5 | Accelerator pedal Brake pedal
- g
© . ) Decisionon Accelerator [0.774sec™" ], ==
o Risk Risk braking pedal o’
3 Perceive evaluation completely Deceleration
al \* , released /
A
Perception Delay in decision Accelerator release time Foot transfer time ““ - Tike
[Other vehicle < time i€ Sle S N Deceleration occurs
starts lateral .
movement**] / €= [a] =—>€ [b: 0.75sec’] ><€ [0 Gsec”]>
| .

Source: Japan Automobile Manufacturers Association (JAMA) Website: Safety Evaluation Framework for Automated Driving Ver. 4.0

https://www.jama.or.jp/operation/safety/automated_driving/pdf/framework_ver_4_0.pdf

ISO 34502, Clause 4.2, recommends referencing the performance model of a Competent and Careful human

Driver defined in UN Regulation No. 157 when defining safety objectives for ADS.




Scenario-Based Safety Assurance Process

Jama

Rather than limiting verification to the right side of the V-model, integrating safety considerations into early safety

analysis and design phases improves development efficiency.

Front-loading safety design by incorporating
safety goals defined by regulatory authorities into

the development cycle.

Localize the evaluation to critical

scenarios

based on risk analysis results and
the ODD.

Test scenario DB

Trafflc
Enwronment —> Parameter
Distribution

confidence in achieving safety goals.

Item Definition

Socially acceptable top safety goal§ defined by
Final development
sub-process before a
customer operation

Assessment

' Safety
Ana Iy5|s

Subsystem and

Incident
management

vehicle V&V

authorities
Simulation Evaluation

Safety
Physical vehicle evaluation

System
Development
W

__________________________________

Systematically cover all disturbance !
. causes and verify, with documented ,
i results, that no fatal collisions leading

to personal injury occur for each cause. !

~Overall Scheme of the Safety | L.o.Personal imury oceur

100% Coverage

______________________

Increase the resolution of high-risk areas to Assurance Process

conduct detailed scenario analysis, examine
design countermeasures, and establish




Physical Principle Approach Process (principle-Based Scenario Approach) _l:ama

Scenario Structure —
Traffic Disturbance
Traffic participants’ unsafe behavior
~ Data Driven Test Functional ==
H : | ehicle
Scenario ] | i —

b Process Kz o

H
E ‘ Surrounding Vehicle
|
h - Position -behavior
~ N
bid e e
o B> 1
'

Name

Real-world data

—p>

Distribution Logical

B & i) Scenario — Comparison between...
Tt e ] i Competent and Careful Driver

and AD Collision Avoidance

@¥DEmergency braking area ¢2§D Normal braking are:
—

| = b=
BU | iili Ml

i \ J Concrete L H@\{ﬁﬂ“\@

Scenario SR

- Evaluation 1
i /Real-traffic tests\ / Virtual tests \
Environment




Summary _]:ama

m JAMA has developed a safety evaluation framework for automated vehicles.

v' Safety Evaluation Framework Ver. 4.0 Released
(controlled-access highways to general roads and traffic-vulnerable users)

v An All-Japan framework has been established in collaboration with the
SAKURA ,DIVP and AD-URBAN Projects.

v'Regarding Safety Assessment Methods

- Safety Principle : Prevent reasonably foreseeable and preventable accidents

« Scenario Structure Based on Three Elements of Driving Behavior
(Perception, Decision, Operation)

Safety determination criteria based on the Competent and Careful human Driver model
(C&C Driver)

ol https://www.jama.or.jp/english/reports/docs/Automated Driving Safety Evaluation Framework Ver4.0.pdf



https://www.jama.or.jp/english/reports/docs/Automated_Driving_Safety_Evaluation_Framework_Ver4.0.pdf

Future Challenges _]:ama

v' Automated driving systems are shifting from rule-based to E2E (End-to-End) ...

= Consideration of E2E application for safety evaluation frameworks
(Clarifying collaborative domains, ensuring simulation validity, etc...)




Jama

Thank you for your patience during my presentation.
Please stay in touch.

[=]

[=]
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hideaki_satoh@mail.toyota.co.jp
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