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1. Outline of ADS safety assurance initiative in Japan
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From FY23, commissioned by METI ,3 Projects (Sakura/DIVP/AD-URBAN) are working together to
consider ADS-Safety assurance framework

Organization METI muirrT

Ministry of Eromomg, Trade sod Industng Ministry of Land, Infrastructure, Transport and Tourism
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Achievement of SAKURA project

Quantify foreseeable and preventable

= Measurement of traffic data
] Validate functional Scenarios Trafficdata Prametarization Extrapolation Modeling a competent & careful driver behavior

- Estimate parameter distribution ' SS# I e ga@ ".E@ ki %?’ 4 V?‘f
AL :/\: e - R

= Modelling C&C driver behavior D j . = -
* Preventable boundary - m_w o
I

Integrate with test methods

g 1) Comprehensive Scenarios

Vlrtual tests

Scenarios ) a
Comparlson with

tests >
SAKURA project other countries

Results ‘
(Safety Assurance Kudos for Reliable Autonomous Vehicles) Crashinear-miss data - Reference of standards + : Re-trafflc

= Provide relevant exposure

Actual Trafflc Data

m Near crash/Accident scenarios ' alEeSae

= Output concrete scenarios
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https://www.sakura-prj.go.jp/project_info/

The AD-URBAN project has deep experience in the development of AD. Through SIP-adus, AD-
URBAN has deep experience in FOT as well as in research on high recognition technology.

AD-URBAN Project form Prof. Suganuma

Trajectory data I
B Automated driving system R&D
B Field Operational Test (FOT) —D o
B Perception, Recognition, Fusion algorithm R&D

AR 'f.':‘ F e n .
J - L > —

N

Field Operational Test (FOT)
in ODAIBA through SIP-adus

Recognition algorithm
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The trinitarian J-team integrates traffic scenarios, sensing weakness scenarios and establishes a
validation framework for ADS-safety assurance by connecting Scenario, Validation, and Metrics.

Total validation framework for ADS-safety assurance
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2. DIVP (Driving Intelligence Validation Platform) for ADS safety assurance
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DIVP outline;
SIP-adus FOT demonstration to virtual space and evaluation in sensor weakness scenario

Simulation of sensor weaknesses

v PERTTIN %® DIVP
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Risk assessment in ODD of ADS cannot avoid dealing with hazardous events caused by the recognition
performance of sensors, and validation by virtual and reproducible simulation is necessary.

Areas of effective use of simulation

Dangerous validation in actual vehicle testing

Traffic situation with
VRUs and vehicles
mixed together

etc

Expressway
for automobiles

Areas where it is difficult to reproduce in an actual
vehicle
— Validation and evaluation using credible simulation

IS realistic.

Areas where real vehicle
testing is possible
—Areas where efficiency gains
are expected from the reuse
of simulation mode

Validation that is difficult to reproduce
In actual venhicle testing

Fine visibility, &
sunny, daytime = o

>
Adverse weather AE Complex adverse
&

condition, night, weather ﬁ S
backlight, rain, etc. =9 conditions L
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Traffic signal recognition in rainy weather;
verification of recognition limit performance is possible with virtual space simulation

Contribution to safety assessment for ADS-system evaluation using virtual space model

Difficult to catch signal recognition limit DIVP® simulation allows for intense rainfall settings
conditions in public road due to lack of control ~ — Signal recognition limit verification is possible
over rainfall condition levels

ww B e

Evaluation by
extrapolation
IS possible

/

Public road tests Normal Rainy weather DIVP® simulation Normal Intense rainy
weather (a few mm/h) weather weather

Recognition rate 0.982 0.984 Recognition rate 0.989 0.868 :

The overall recognition rate deteriorated with increasing rainfall in DIVP® simulation.  Jndetected due to snielding by raindrops
= Misrecognition due to color change, etc.

R AD-URBAN
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2-Stage evaluation framework by DIVP, AD-URBAN and SAKURA collaboration.

Establishment of evaluation framework and metrics

Evaluation Scenario Evaluation target Evaluation Results

Sensor Sim .. Dlvp

N

Require: Reproducibility of
sensor weaknesses

Recognition algorithm AD-URBAN Recognition performance

Target: Sensor Recognition & 100% Recognition
Fusion £80% Jimits

1st-Stage

< 60%

Sensor Weakness S
outcome A

Scenarios

Sensor
Recognition
Performanc
e evaluation

Metrics: loU, distance/size
accuracy...

@ Integrated as
a concrete scenario

-

Output sensor raw data recognition performance

(@Reflect recognition geometry models in Ground Truth

’-----------------N
\-—————————————————————————————————'

Trues Sim . . D va Autonomous driving AD URBAN
C'Y D|Vp T i app » B Preventable performance
nd_ "‘\‘:\ AN TN i
2 ® D \ Collision
Stage % SAHURA avoidance
oy . nl r. Aulu( \:'elln.l R
Autonomou s "'
s driving traffic flow scenario A ' .
Safety Target: Route planning, contral, [Metrics: SCT, TTC, PET, ]
Assessment i | and vehicle motion
N _ Output the location information @Safety evaluation based on
of surrounding vehicles recognition performance

11 240927 TUV SUD_meeting ,}‘ S'?-"A‘:“nlémg“e'k ... D Iv p



By calculating the recognition (& limit) performance for each generated scenario by DIVP-1st
stage, the load on the input data for the true value simulation (2"d stage) is reduced.

Recognition performance model (LIDAR)

@ Even at short distances, performance is reduced due to shielding.

100 e
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3 0.3
20} . [
| S 0.2 @ 0.25 or more is
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0.1
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Distance [m]
* This idea is from Professor Suganuma of AD-URBAN.
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By connecting the 1st-stage to the 2"d-stage using the integrated scenario obtained from the FOT use
case, it is possible to evaluate the ADS avoidance behavior based on recognition performance.

| . . Legend E?\?:I_eAteDcSt'ed—V : shielding buildings
2nd-stage : Assessment of ADS avoidance behavior = : Detected-v M : Blind spot

Integrated scenario from FOT use case ADS avoidance behavior based on recognition performance

Relative distance and direction of target object

Intersection with
no traffic lights

A. Passing throngh the‘int‘ersection,"évoi‘ding' c\ros'}sing ve‘hicles

Target vehicle color

--

Date, time, weather
‘o- 2san dib
-

(¥ Y B. The ADS got stuck because it couldn't recognize the crossing vehicle
due to the lack of contrast between the building and the shadow.
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Reproduction of simulation examples of accidents at intersections with good visibility that could not be recognized
due to backlighting, fatal bicycle accidents, etc. — Possible to study how to respond to such accidents

7 OnsREes)

Dynamic accident reproduction by DIVP simulation B R
/
intersection accident reproduction with good Reproduction of a fatal bicycle ‘

sunny weather, but with backlit accident at night
Time :0.3167

Sunny, backlighting
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DIVP simulator can reproduce accidents in dynamic digital space from static accident information
— Allows evaluation of geometry risk avoidance performance as TTC from the sensor’s recognized position

Dynamic accident reconstruction from
fatal accident information

1.0

Daytime
—— Nightime

0.8 ?
1

Relative distance
from pedestrian to
ego-vehicle

o
o

Confidence
o
‘T“

0.0

N

Recognition Confidence Level

60 50 40 30 20
Distance [m]

1.0

10

Daytime
—— Nightime

0.8 1 ?
Time to Collision .

from pedestrian
to ego-vehicle

©
ES

~©

Recognition Confidence Level
Confidence
o
[=)]

0.0
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TTC; Time to Collision

@® Distance: 44m, TTC: 4 1s

Distance :

+ Day time at night
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The new DIVP platform enables high-capacity, high-speed multi-sensor calculations in the
cloud. Local GPU multi-layer parallel computing environment is also supported.

Development of new DIVP platform; 13 cameras, 4 LIDAR, 6 radar, total of 23 sensors can run simultaneously

Camera |, e e

[
- “Forward short- | #
he-range-detection =

Quotes from the Waymo, sixth generation of self-
driving cabs with advanced sensors- Impress Watch
(Camera_13, LIDAR 4, Radar_6)
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“https:/www.watch.impress.co.jp/docs/news/1617007.html”
“https:/www.watch.impress.co.jp/docs/news/1617007.html”
https://www.watch.impress.co.jp/docs/news/1617007.html
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3. Virtual FOT applications collaborated with the ADS-FOT projects
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In Japan, the Safety assurance project supports the development of the RttL4 project with
virtual simulations. Examples of the implementation of Theme 4 are presented here.

Real & Virtual ADS-FOT through collaboration between the RttL4 and ADS-safety assurance project
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Validation

Metrics

B Geometric movement scenario
based on road accident data
analysis

\

System
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Camera

AD-control

B Safety Risk margin based on

geometric positioning simulation
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B Perception performance based on
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\ ® L | RADAR
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DIVP is utilized in the development of object recognition algorithms
through AI learning

Create bus and multi-sensor models by DIVP simulation

Bus shape model

Multi-sensors modeling

EXUEXT
N2

- Camera;9 (Fisheye; 4 — Rear side detection)
- LiDAR;4
( Distance measurement by fusion of LiDAR and camera)
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The ADS developer and we collaborated on a virtual simulation to determine how to avoid
the hazards identified in the ODD risk assessment.

ODD risk assessment identifies hazardous use cases .
Generate concrete scenario models

Creating 3D spatial models from MMS measurement based on hazardous use cases

&
,.'.\

| Bicycle crossing a crosswalk at high speed |

Hazardous
intersection

Must avoid pedestrians and cyclists
ahead of right and left turns

e s EEETIN %° DIVP
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The camera cannot recognize a bicycle that runs across the street from a street tree and
crosses a pedestrian crossing until it is very close to the bus.

Hazardous use case (1) : Turn right and left at T-intersection

Using “Yolo v8” as a recognition algorism

Camera mounting position
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A camera view mounted high on the bus is effective and allows early recognition of children
flying out. However, there are cases where children and roadside poles are misidentified.

Hazardous use case (2) Pedestrlans and chlldren dart out of parked trucks and passenger cars
' ’B' s
i

troffic,hght 0.25
b |

Using “Yolo v8”
as a recognition
algorism

. e sanums XNV




The DIVP project supports the development of the RttL4 Theme 3 ADS-FOT, trucks logistics.
The collaboration is presented here.

Real & Virtual ADS-FOT through collaboration between the RttL4 and ADS-safety assurance project

2) MLUIT MET]
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Near miss data including hazardous factors are extracted from measured data of highways from the
truck's point of view. Hazardous events peculiar to truck driving are typified and data are accumulated.

Collaboration with Road to the L4, Team3: ADS-truck logistics in highway project

Examples of hazardous events encountered in past
ADS-FOT Truck highway demonstrations

Matchmaking at merging reversing vehicle

GLiDAR3%
e

@HAS %

@LiDAR

Nighttime, shoulder stop Large vehicles Motorcycle passing through

it ®LIDA
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Extraction of driving behavior of surrounding vehicles from drive recorder camera images.
Time: 0.000 s

It was verified that camera
Image recognition can measure
the movement of vehicles in the
vicinity as well as LIDAR up to
50m in the vicinity.

T LIiDAR o Drive Recorder Camera
Deployment of simple measurement o .,
with drive recorders on general trucks . 2= \ — ==
E ool [z O £ oo; O

RS g TTCx: 0.3s —2.5 4 TTCx: —-
KSL O (RAEARr) KSL3 (MSY2HFr) 2:3 [’*]TTCx: 6.1s I:l i CEs |:|
| g __ITTCy: - TTCy: - TTCy: ---
i | P f
-] ) z

\‘Yﬁ ’\i' Lidar 9] O
N .

=725 =7.:5:
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0 (5
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Calculate the frequency of occurrence of near-miss levels (incident H, M, L) using the
“Safety Cushion Time : SCT” metrics.

Simulation generates traffic flow assuming a merging point

51+ B2 ZBEKIC (XNEXCOHHAH30 - R2)
AR 1 51,2008 (—HAFH)
& 17,9308 (—H¥9)
ROAER : 2,1338/hr, & 7478/hr

Fal—=3>

Ao, S o, : Using
(ks FEKICZ Y T A~ THERR). - PTV Vissim

RoADEL4 %’ DIVP
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Calculate the frequency of occurrence of near-miss levels (incident H, M, L) using the “Safety Cushion

Time : SCT” metrics.

Risk assessment using

“Safety Cushion Time : SCT” metrics

-101

N Crashes
| High-level incidents
Medium-lavel incidents
[ | Low-level incidents _s]
>—
B II
Control A Control B N

Image diagram; Frequency of
Crashes/Incidents(High/Medium/Low)

incident level 3, time: 205.6

Ego-V.
‘ 4 -
_______ ‘ ‘
Opponent-V. "=~ 3
590 595 600 605 610 o - ]
X

27 241009 £ 5Tk REWGH2
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Scenario data set from geometry risk assessments is extended to include perception risk
requirements such as weather conditions. — Reflected in ODD, ADS

DIVP use extended to perceptible risk scenarios such as weather and poor visibility conditions
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We have developed a safety assessment framework using simulation, which will be reflected in the development of
the ADS(L4) regional project. we will verify the practicality of the framework in cooperation with each FOT.

Safety Assessment Framework draft for ADS regional FOT in Japan

Input

Process

Output

@ Validation of ODD considering @ Assessment of ADS safety
hazards performance

%

Vehicle/ADS
Specifications

> CACCldent/mudent DB)

Service
Requirements

) C Traffic flow DB )

Hazardous categorization info.

Risk assessment
(SOTIR *HARA ref.)

A 4

C

OobD

)

-Use case extraction
-Parameter Ranges

Scenario

Generation
Tools

!
Test condition
data set
generation

. Analysis

» Risk factors
* Parameters

Feedback to ODD Feedback to ADS

C ADS as SUT )

2-stages assessment

for ADS safety performance
using DIVP simulation, etc.

Safety margin metrics | °Perceptible? )
(Level & frequency) | ~Preventable®

No
Evaluation Results

Yes

<

*HARA ; Hazard and Risk Analysis

*reference to 1ISO34502 and 1SO21448

\ 4

Reflected in the documentation for approval along with other contents
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Main Research Areas Applicable FOT
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Reliable Autonomous Vehicles
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