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UN regulation for Lv3 low seed on highway s ers
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v" UN regulation for Lv3 low speed lane keep on highway was established as R157 in March/’20.
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ALKS Highlights

[ Performance Criteria ]

B AD shall avoid accident which competent and careful human driver can avoid.
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B Safety Management System
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UN regulation next step

v’ Lvd MaaS, and Lv3 Highway Chauffeur is just started to be discussed after R157.

¥

are added to ALKS member for next step

Lv3 low speed lane keep
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AD safety assurance regulation and standard rand scape
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v’ Many initiatives on safety case standard because of audit business chance.
v’ Less collaboration on safety validation methodology.
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FRAV
(Functional Requirement)

WP29(Vehicle IType Approval)
GRVA(Automated Driving):Post ALKS
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US Government is less aggressive
about national regulation

VMAD
(Validation Methodology) ¥
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Japanese collaboration on safety validation methodology

v' |In order to achieve both sufficient test coverage and practicality a safety validation platform

which comprise a scenario database and a virtual testing environment needs to be established.
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Background and top level safety requirement

Background (UN157)

United Nations BCE ssss s Economic Commission for Europe

. - " ; Inland Transport Committee

7 Economic and Social Council it General ai . .

% ‘”J 6 April 2020 World Forum for Harmonization of Vehicle Regulations

Original: English 181st session
i Geneva, 23-25 June 2020

> ; 2 s Ttem 4 12 6_of tt istonal agend

Proposal for a new UN Regulation on uniform provisions S S R

: . = 1958 Agreement:
concerning the approval of vehicles with regards fo Consideration of proposals for new UN Regulations submitted

Automated Lane Keenine Svstem by the Working Parties subsidiary to the World Forum

| [Safety Vision] automated vehicle systems,
[System Safety] the automated vehicle should  nder their operational domain (OD), shall not

be free of unreasonable safety risks to the cause any traffic accidents resulting in injury
driver and other road users. or death that are reasonably foreseeable and
preventable.

Top level Safety Requirement

AD systems free of unreasonable safety risks
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Safety evaluation methodology

Top level Safety Requirement

AD systems free of unreasonable safety risks

Safety evaluation methodology

Does the AD system cover all reasonable safety risks?

*® )/

Our @ Physics Principles @ Safety requirements based on
proposal: based scenario + reasonable foreseeability and

approach preventability
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Safety evaluation methodology

Top level Safety Requirement

AD systems free of unreasonable safety risks

Safety evaluation methodology

Does the AD system cover all reasonable safety risks?

*® )/

Our @ Physics Principles | @ Safety requirements based on
proposal: based scenario + reasonable foreseeability and

approach preventability
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Decomposition of dynamic driving tasks (DDT)

Perception Judgement Command
ex. Low signal from a II;art_ltc_:lpants’ N Pla h/speed a
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E)r(lvei:cr:sment ex. steep cut-in, ex. side wind, low friction road

m obstacles after cut-out, - surface, pot hole, -

ex. Low reflection caused
by dark color of a target

ex. ,ghost from multiple
reflection
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Body Input Force
Tire Force

« Dynamic driving tasks can be decomposed into subtasks involving Perception,

Judgement and Command processes.
« Each of these sub functions are associated with specific physics principles.




Scenarios that account for safety-relevant root causes for DDT

External Perception

Environment Camera
III Radar II
LiDAR

Traffic Judgement

Participants’
Position g

Planning

Command

Perception Scenario

ex.
Camera
Low signal from a target in the darkness

Lidar
. Low reflection caused by dark color of a target

Radar
ghost from multiple reflection
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Traffic Disturbance Scenario

ex. steep cut-in,
obstacles after cut-out, -
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Vehicle Stability Disturbance

Scenario
ex. side wind, low friction road
surface, pot hole, -
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Road Natural A
geometry phenomena e
|
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By logically structuralizing scenarios in accordance with the physics principles of the AD system, it is
possible to provide a holistic coverage of all the safety-relevant root causes for given dynamic driving tasks.

We apply this rationale to develop three scenario categories: perception (perception disturbance scenario),
judgement (traffic disturbance scenario) and command (vehicle stability disturbance scenario).




Safety evaluation methodology

Top level Safety Requirement

AD systems free of unreasonable safety risks

Safety evaluation methodology

Does the AD system cover all reasonable safety risks?

*® )/

Our @ Physics Principles  |@ Safety requirements based on
proposal: based scenario 4] reasonable foreseeability and

approach preventability

Pagel?



Definition of Foreseeable and practical implementation of criteria

Reasonably foreseeable

1) Without ego- or other-vehicle drivers' extreme violation of traffic rules.

2) forecastable based on physics principles with a relevant exposure
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Definition of Preventable and practical implementation of criteria

Preventable = Avoidable by a competent and careful human driver
@ Does this criteria change depending on country due to different driving culture?

i

Should Not: sufficient capability of drivers is harmonized globally through international driver license.

Competent and careful human driver model for ALKS defined in UN157.
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Foreseeable and Preventable Boundary

Preventable and foreseeable criteria is implemented into the ALKS regulation as

quantitative pass fail boundary.
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Safety evaluation methodology

Top level Safety Requirement

AD systems free of unreasonable safety risks

Safety evaluation methodology

Does the AD system cover all reasonable safety risks?

*® )/

Our @ Physics Principles @ Safety requirements based on
proposal: based scenario + reasonable foreseeabilty and

approach preventability
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From traffic disturbances to perception and stability disturbances "=

: Traffic
DDT Safety Risk Disturbance Reasonably Foreseeable and
> Collision with other tr Scenarlo Preventable Boundary
participants or obstacles P B, o

> Lane Departure

g Preventable Boundasy

Safety Principle i IH bl ‘
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No cause-effect
relation: can be
| evaluated independently
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Perveplion limitation

Avoid collision due to a perception
disturbance within the pre-defined Avoid lane departure due to single or
traffic disturbances combined (worst case) reasonably
foreseeable stability disturbanc

Perception Scenario Vehicle Stability Scenario




Safety Evaluation Process

Formulate

safety goal(s)

e Crash
frequency &
severity

- Citations

(police issued)

[l

Lagging
Metric

Leading
Metric

Define metrics

e Leading metrics
¢ Mathematical

description
e Link to goals

Describe ODD

Methods

Assess
performance

Apply analysis
techniques

Lexicon and
method for
describing an
OoDD

« Data sources
« Segmentation
* Normalization
e Thresholds

e Aggregate and
interpret
results

e Case studies

Crash severity
and frequency

Safety Goal
1
| |
Reduce Crashes Comply with Traffic
| Regulations
Maintain Maintain a Exhibit Severity and
OEDR safety predictable frequency of
reaction time  envelope vehicle motion citable offense
control
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Safety Validation Platform

v' |n order to achieve both sufficient test coverage and practicality a safety validation platform
which comprise a scenario database and a virtual testing environment needs to be established.

v" Open innovation for both scenario databases and virtual testing environments need to be driven
by collaborative activity to define the corresponding requirements.

e il International Ly
ez} 1SO R euro gticar © ASAM
Regtﬂéiion Standard Sim Assessment Sim IF de-fact
/N /\ /l\ /\
Traceability between ODD and scenario Plug and play by standardized IF and API

Safety Assurance Platform -

Common Perception Proprietary in Vehicle
Strategy Scenario D B Virtual testing environment OEMs & Tierls Dyfnhies

Ee e Space Sensor AD/ADAS ACT
Towards catahe mode model application
. I !

Global
Proof-of-concept
(Simulation validation)

Safety
Assurance

fidelity metric and criteria for virtual environment
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Scenario Based Engineering Process

Engineering framework for hazardous
scenario generation

Definition of functional scenarios

Definition of
Scenario
Structure

Definition of logical scenarios
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Identification e L
(.je L ca.to Identification
influencing . .
influencing
parameters
parameters
Qeneral Vehicle-specific
(view from . e
. (view from inside)
outside)
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Definition of parameter ranges

A

|
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Qualification of
Test Platforms

Test case allocation

Definition of concrete scenarios

Parameter variation

y

Definition of
scenario-set
to be tested

\ 4

Validation
Test platform

Definition test
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platform based on
the scenario

Structuralised hazardous scenarios to potentially be
tested

Test execution

Test run

Safety Evaluation

Individual test case
Safety Evaluation

v

Overall risk Safety
Evaluation

Safety goals
achieved?




Safety Argumentation Structure (Normal Condition) =
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5 — ' » Accident
g Dynamic Driving Task M System Definition [Safety Operation by human Monitoring and

:’f_

Preventable Unpreventable  / .
[

ODD boundary

within ODD

> Misuse Analysis

Feedback

Goal; (WP29 Frame Work Document)
Within ODD reasonably foreseeable and preventable crashes that result in injury or death shall be avoided
N
Goal; NO(unforeseeable)

Better than competent and careful human driver
within reasonable foreseeable scenario

Narmal diving

Normal

By Critzal Conaditon | Critizal ‘

e

|
Q Accident Monitoring

NO(Unpreventable)

Preventable

YES
preventable

Edge Case Test

[
Pre-Critical Condition

> safety margin

Collisional Test

B]

» Best effort
> Passive safety performance

Critical Condition

Evaluation Scenario

Environment

[
1.Traffic

]
2.Perception 3.Vehicle

Multi Pillar Approach

Physical Principal Based
Scenario Based Testing
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Summary

afety Principle { )

Audit Pillar Testing Pillar
Safety by Design Safety by V&V e o et severt

ﬁ
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Documentation structure in - Hn‘_ 9 : el

Traini
accordance with . B : X
15021447 SOTIF Scenario base approach Unpreventable

-1ISO26262 Functional Safety, etc -1SO TC22/SC33/WG9

Testing Environment Our safety validation
Real-traffic tests Proving ground tests Virtual tes;tﬁ_ I methodok)gy proposal:

(1) Physics Principles (2 Safety requirements based on
based scenario + reasonable foreseeability and
approach preventability

Willing to collaborate with research, industry, standardization and regulatory

institutions, towards joint efforts to ensure a safe automated driving global society



