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Aim of this presentation

To report on the development in 
Japan of an AD system safety 

assurance methodology.

(SAE Level 3+ in motorways)
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Global trend for AV social acceptance

Safety requirements (pg.4)

When in the automated driving 
mode, the vehicle shall not cause any 

traffic accidents that are rationally 
foreseeable and preventable

Safety vision (pg.1)
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
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Comprehensive approach to safety
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Scenario based approach

Scenario Structure

Traffic DisturbanceTraffic DisturbancePerception limitationPerception limitation Vehicle DisturbanceVehicle Disturbance

Judgement ControlPerception

Safety testing driven by three scenario categories related to the 
physics of the AD system
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Traffic disturbance scenario structure

Scenario Structure based on road geometry, ego-vehicle behavior, 
and surrounding vehicles location and motion
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geometry
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out Acc. Dec. Sync

1 ✓ ✓

2 ✓

3 ✓ ✓

4 ✓ ✓

Ego
5 ✓ ✓

6 ✓ ✓

7 ✓ ✓

8 ✓ ✓

✓ May affect AD judgement
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Traffic disturbance scenarios

32 well organized functional scenarios out from the proposed structure



8

Safety assurance engineering approach

Search Based Test

Test
Scenario

Proving ground tests Virtual testsSafety 
evaluation Real-traffic tests

Process

Data Driven Approach

Trajectory

Distribution
(Statistics)

Process

Traffic
data

Parameter Search Engine

Process

Functional
scenario

Logical
scenario

Concrete
scenario

Convert

Convert

Parameter
range

Socially acceptable top safety goals defined by authorities 

Safety Criteria
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Safety requirement schematic structure

Outside 
ODD

Within ODD
Reasonably foreseeable
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Reasonably foreseeable scenarios
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Ongoing data acquisition with instrumented vehicles and fixed 
cameras over motorways

Traffic data collection in Japan
Data 
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Trajectory data extraction and accuracy evaluation

Camera LiDAR

Vehicle trajectory extraction from both instrumented vehicles and 
fixed cameras, including data accuracy verification 

Ego-Vehicle

Target vehicle 1 
trajectory

Target vehicle 2 
trajectory

Instrumented vehicle
Fixed camera

X coordinate (m)
Y

co
or

di
na

te
 (

m
)
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Derivation process of foreseeable scenarios

Extract Statistical distribution of 
trajectory parameters

Trajectory + road 
structure data

Real-world data

Analysis

Parameter
Selection

Scenario DB

Scenario 
structure

Foreseeable

Analysis and parameter selectionDriving data processing

Measured data Fitted 
distribution

Extrapolation to 
theoretically foreseeable

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
Lateral cut-in speed (m/s)

Consensus based rules to process and analyze real-world data, as 
well as to define corresponding foreseeable parameter ranges
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Foreseeable parameters from measured parameters

Measured 
data

Ranges for foreseeable scenarios derived from measured data
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Preventable scenarios

Preventable B
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Experienced driver braking model
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Virtual test results
Ve
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Simulation Results (Ve0=80kph, Vy=1.72m/s)

✔：Non-crash, ✘：Crash

By running virtual tests of all foreseeable scenario conditions with 
either eiperienced human driver or AD vehicle functions, technically 

feasible preventable levels can be defined.

Experienced human driver

AD system function
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Test scenario catalogue database application

<?iml version="1.0" encoding="UTF-8"?>
-<SimScenario Name="LS-G1-2-E1-10-00B-3030">

<Description>Lane keeping(Steady running) Ego vehicle 
constant speed、Side vehicle(Pr-s) changes the lane(Cut in: 

(right -> left)</Description>
<Road ID="2"/>

-<Object Name="Ego vehicle" Category="EgoVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="0" 

Lane="1stDrivingLane"/>
</Object>

-<Object Name="Side vehicle(Pr-s)" Category="OtherVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="100" 

Lane="2ndDrivingLane"/>
<VehicleScene Speed="40" Abscissa="0" 

Lane="2ndDrivingLane" Time="3"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="1.5"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="200"/>
</Object>

</SimScenario>
<?iml version="1.0" encoding="utf-8"?>

<OpenDRIVE>
<header revMajor="1" revMinor="1" name="" version="1.00" 

date="2018/10/18 0:00:00" 
north="0.0000000000000000e+00" 
south="0.0000000000000000e+00" 
east="0.0000000000000000e+00" 
west="0.0000000000000000e+00" 

vendor="TOYOTA"></header>
<road name="Mainroad_1Line" length="3000" id="1" 

junction="-1">
<link>

</lane>
<lane id="2" type="border" level="0">

<width sOffset="0.0000000000000000e+00" 
a="2.5000000000000000e+00" 
b="0.0000000000000000e+00" 
c="0.0000000000000000e+00" 

d="0.0000000000000000e+00" />
</road>

</OpenDRIVE>

<?iml version="1.0" encoding="UTF-8"?>
-<SimScenario Name="LS-G1-2-E1-10-00B-3030">

<Description>Lane keeping(Steady running) Ego vehicle 
constant speed、Side vehicle(Pr-s) changes the lane(Cut in: 

(right -> left)</Description>
<Road ID="2"/>

-<Object Name="Ego vehicle" Category="EgoVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="0" 

Lane="1stDrivingLane"/>
</Object>

-<Object Name="Side vehicle(Pr-s)" Category="OtherVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="100" 

Lane="2ndDrivingLane"/>
<VehicleScene Speed="40" Abscissa="0" 

Lane="2ndDrivingLane" Time="3"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="1.5"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="200"/>
</Object>

</SimScenario>

<?iml version="1.0" encoding="UTF-8"?>
-<SimScenario Name="LS-G1-2-E1-10-00B-3030">

<Description>Lane keeping(Steady running) Ego vehicle 
constant speed、Side vehicle(Pr-s) changes the lane(Cut in: 

(right -> left)</Description>
<Road ID="2"/>

-<Object Name="Ego vehicle" Category="EgoVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="0" 

Lane="1stDrivingLane"/>
</Object>

-<Object Name="Side vehicle(Pr-s)" Category="OtherVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="100" 

Lane="2ndDrivingLane"/>
<VehicleScene Speed="40" Abscissa="0" 

Lane="2ndDrivingLane" Time="3"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="1.5"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="200"/>
</Object>

</SimScenario>

<?iml version="1.0" encoding="UTF-8"?>
-<SimScenario Name="LS-G1-2-E1-10-00B-3030">

<Description>Lane keeping(Steady running) Ego vehicle 
constant speed、Side vehicle(Pr-s) changes the lane(Cut in: 

(right -> left)</Description>
<Road ID="2"/>

-<Object Name="Ego vehicle" Category="EgoVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="0" 

Lane="1stDrivingLane"/>
</Object>

-<Object Name="Side vehicle(Pr-s)" Category="OtherVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="100" 

Lane="2ndDrivingLane"/>
<VehicleScene Speed="40" Abscissa="0" 

Lane="2ndDrivingLane" Time="3"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="1.5"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="200"/>
</Object>

</SimScenario>

<?iml version="1.0" encoding="UTF-8"?>
-<SimScenario Name="LS-G1-2-E1-10-00B-3030">

<Description>Lane keeping(Steady running) Ego vehicle 
constant speed、Side vehicle(Pr-s) changes the lane(Cut in: 

(right -> left)</Description>
<Road ID="2"/>

-<Object Name="Ego vehicle" Category="EgoVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="0" 

Lane="1stDrivingLane"/>
</Object>

-<Object Name="Side vehicle(Pr-s)" Category="OtherVehicle">
<VehicleInit Speed="40" Abscissa="0" Ordinate="100" 

Lane="2ndDrivingLane"/>
<VehicleScene Speed="40" Abscissa="0" 

Lane="2ndDrivingLane" Time="3"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="1.5"/>
<VehicleScene Speed="20" Abscissa="0" Lane="1stDrivingLane" 

Time="200"/>
</Object>

</SimScenario>

<?iml version="1.0" encoding="utf-8"?>
<OpenDRIVE>

<header revMajor="1" revMinor="1" name="" version="1.00" 
date="2018/10/18 0:00:00" 

north="0.0000000000000000e+00" 
south="0.0000000000000000e+00" 
east="0.0000000000000000e+00" 
west="0.0000000000000000e+00" 

vendor="TOYOTA"></header>
<road name="Mainroad_1Line" length="3000" id="1" 

junction="-1">
<link>

</lane>
<lane id="2" type="border" level="0">

<width sOffset="0.0000000000000000e+00" 
a="2.5000000000000000e+00" 
b="0.0000000000000000e+00" 
c="0.0000000000000000e+00" 

d="0.0000000000000000e+00" />
</road>

</OpenDRIVE>

<?iml version="1.0" encoding="utf-8"?>
<OpenDRIVE>

<header revMajor="1" revMinor="1" name="" version="1.00" 
date="2018/10/18 0:00:00" 

north="0.0000000000000000e+00" 
south="0.0000000000000000e+00" 
east="0.0000000000000000e+00" 
west="0.0000000000000000e+00" 

vendor="TOYOTA"></header>
<road name="Mainroad_1Line" length="3000" id="1" 

junction="-1">
<link>

</lane>
<lane id="2" type="border" level="0">

<width sOffset="0.0000000000000000e+00" 
a="2.5000000000000000e+00" 
b="0.0000000000000000e+00" 
c="0.0000000000000000e+00" 

d="0.0000000000000000e+00" />
</road>

</OpenDRIVE>

<?iml version="1.0" encoding="utf-8"?>
<OpenDRIVE>

<header revMajor="1" revMinor="1" name="" version="1.00" 
date="2018/10/18 0:00:00" 

north="0.0000000000000000e+00" 
south="0.0000000000000000e+00" 
east="0.0000000000000000e+00" 
west="0.0000000000000000e+00" 

vendor="TOYOTA"></header>
<road name="Mainroad_1Line" length="3000" id="1" 

junction="-1">
<link>

</lane>
<lane id="2" type="border" level="0">

<width sOffset="0.0000000000000000e+00" 
a="2.5000000000000000e+00" 
b="0.0000000000000000e+00" 
c="0.0000000000000000e+00" 

d="0.0000000000000000e+00" />
</road>

</OpenDRIVE>

Scenario XML

Road geometry XML

Proving ground tests

Audit (Virtual tests)

Real-traffic tests

Test Scenario Catalog database

Velocity Long.
Distance

Lat.
Distance

Dece. G Dece.
Rate

Lat.
velocity

Scenario

Initial velocity(Ve)

Test procedure

Test data
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Summary

�A complete AD safety assurance methodology has 
been developed in Japan.

�The methodology can be applied to continue 
developing the systems and to evaluate their 
safety.

Need for international consensus:
1) Definitions of 'foreseeable' and 'preventable'
2) Qualification of real-world traffic data
3) Approach to social acceptance
4) Applicability to different countries/regions
5) Common database
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https://www.sakura-prj.jp/


