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1. SOTIF of Autonomous Vehicles

1.1 Safety vision of AV— Eliminate or reduce traffic accidents caused by human driving

Eatal accidents related to motor Automatic driving system 2.0: Automatic driving brings new traffic
e safety vision accidents to humans
6\c/ye icle —

In 2016.1, the world's first
automatic driving accident
occurred in China

In May 2016, Tesla hit a white
truck and the driver died

. Human

Others
error
94% of traffic accidents caused US DOT announces the development of In March 2018, Uber in the '™ 2024 9. Chinas own
. . . ‘o brand smart car collided with
by human errors autopilot while DOT-NHTSA also releases United States killed a a truck on the highway

woman crossing the road

the vision of self driving car safety

E Expectation: The purpose of developing an autopilot is to reduce traffic accidents caused by 94% driving errors.
E Reality: AV has the perception, measurement and verification technology problems in the development process,
and brings new traffic accidents.



1. SOTIF of Autonomous Vehicles
1.2 Safety of AV— Three aspect of safety

[ Safety of AV ]

[ Basic safety ] [ FUSA ] [ SOTIF ] [ Cybersecurity ]

] ! 7 I
- | A .
i_ Traffic rules 1SO 26262 1SO 21448 SAE J3061 |
i Non-Collision [~ Safety Of The | |
I safety BEha;’ i of Intended Cybersecurity |
i Collision safety Compﬁnent failure Functionality i

E Problem of functional safety is caused by the failure of electronic and electrical appliances in the vehicle, and there
are clear standards and specifications. Cybersecurity is finally solved by the government's legal constraints.

E SOTIF problem is mainly caused by the performance limitations of Al algorithms, insufficient system functions or
misuse by personnel, which is one of the biggest problems in commercialization. 4



1. SOTIF of Autonomous Vehicles
1.2 Safety of AV— Definition and R & D objectives of SOTIF

Safety Of The Intended Functionality (SOTIF)

Methods of reducing area 2 / 3:

» Function improvement

» ODD limitation

» Test result evaluation feedback

—

Development starting point  Harmful Harmless Harmful Harmless Development objectives
I

Known 2 1
Unknown 3
SOTIF initial state SOTIF release status

B SOTIF is caused by insufficient function, limited performance or reasonably foreseeable misuse of personnel.
E The Research and Development objective of SOTIF is to take appropriate measures to reduce the residual risks to
an acceptable level.



1. SOTIF of Autonomous Vehicles
1.2 Safety of AV— Typical cases of SOTIF

2020-06-01 06:44:03

Trigger Condition: white truck Trigger condition: irregular truck  Trigger Condition: sudden acceleration

E Insufficient algorithm performance, human misuse and unexpected traffic participant behavior are the induceme
nts of SOTIF.

E SOTIF of AV, like the battery fire of new energy electric vehicles, is very important to the safety of people's lives
and property.



1. SOTIF of Autonomous Vehicles
1.3 Long tail effect of AV safety —SOTIF problems

In the research and development of AV products, nearly 80% of safety problems can be solved quickly, and the
remaining 20% of SOTIF problems need 80% energy to be solved
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One billion Highway Test mileage
still cannot exhaust the unknown
factors leading to accidents

An unknown perceived target ~ Unknown external environmental
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E Analysis: 20% of the safety problems in the process of AV R & D cannot be solved, which belong to the problems
of SOTIF, resulting in the long tail effect.

E Conclusion: SOTIF problems are caused by insufficient perception, inaccurate measurement and incomplete
verification of intelligent vehicles. 7
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2. Chinese Solutions of SOTIF

2.1 SOTIF system's "'Safety entropy"’

" 1. Unknown-insecurity obeys |

entropy increasing principle in
SOTIF system

« Random scene

Al black box

« Random HMI

2. How to realize the entropy
reduction of intelligent
connected vehicles?

« Enhanced on-board
enabling

* Introduction of external
empowerment

* Vehicle interior and
exterior enabling fusion

3. How to measure SOTIF?
« Safety entropy

[ Theoretical basis of SOTIF research: "'safety entropy"' ]

System entropy
reduction measures

5G&V2X enabling

System entropy
Increase factors

Danger

Random unknown

scenario technology
Al algorithm Entrop Improve artificial
uncertainty decrease intelligence
algorithms

Foreseeable

' Improve HMI ign
human misuse prove desig

Safety



2. Chinese Solutions of SOTIF

2.2 Roadmap for SOTIF Solutions in China

Offline Safety Development

Online Safety Control

Active on-going Learning

Functional Safety Management

Vehicle Test

Definition

Requirements

Design &
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Implementat
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Process

Methods,
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2. Chinese Solutions of SOTIF

2.3 CAICV-SOTIF Technical Alliance
Jun Li

Director
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3. Industry Practice of SOTIF in China

3.1 CAICV SOTIF Technical Alliance - Organization

Jun Li

Director
P> Beijing: Tsinghua University
China Intelligent and Connected Vehicles(Beijing) Research Institute Co.,Ltd
Beihang University
Beijing Hangji Technology Co.,Ltd
Beijing Institute of Technology
Ministry of Public Security Road Traffic Salety Research Center

124
I I China Academy of Information and Comm logy
BAIC Motor Corporation Ltd R&D Center Jilin: Jilin University
Dr. Hong \Vang Qualcomm Wireless Communication Technologies (China) Co., A China FAW Group Corporation
China Software Testing Center 7

Dr. Bo Wang
)/

Executive Director

Deputy Executive Director ! k
pea Automotive Intelligence and control of China Co.Ltd
Beijing Horizon Robotics Technology Development Co., Ltd.
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> Anhui: Anhui Jianghuai Automobile Group Co, Ltd

. Traffic Management Research Institute of the ministry of Public Security
Suzhou Automotive Research Institute, Tsinghua University
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Changjun Wang Jianhua Yuan Ying Lv Kongjian Qing . Tongji University
S 5 ﬂ : i Nullmax (Shanghai) Co,.Ltd
Depury Director =~ Depmy Director Dep“t) Director Shanghai Digauto Automobile Technology Co., Ltd.
Pan Asia Technical Automotive Center Company Limited.
ANSYS (China)

DeputyDirictor

RIRS
axmERzAREERTY @1
) @ GEELY @ rans GE
UAWE ERizE &QEE = é SICV)\/“;‘E’,!&{{}

Qianxun Spatial Intelligence Inc.
Shanghai Intelligent and Connected R&D Center Co,.Ltd
Shanghai Motor Vehicle Testing and Certification Technology Research Center Co., Ltd.

SAIC Motor Corporation Limited

Sichuan:
University of Electronic Science and Technology of Chlm
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/ihe]tang Geely Automobile Research Institute Co,.Ltd
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China Merchants Testing -Vehicle Technology Research Institute Co. Ltd
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In order to solve the SOTIF problems of intelligent connected vehicles, Academician Jun Li led the establishment of the SOTIF

working group to propose solutions for China’s SOTIF.



3. Industry Practice of SOTIF in China

3.2 CAICV-SOTIF Technical Alliance - Objectives

Goal 1: Promote the construction of test and evaluation system for SOTIR

Scenario based test preparation KPI Definition
and Evaluation

Models oo
Configuration
KPIs = .
- Online & Post-
- P 4
Scenario
Database

Test Execution

loop
Virtual and real world test execution

Goal 2: Promote technical research and innovation of SOTIF

X EXd EX:d

LE)
26 0 w5 452 0L lenssHi 2 4 il 3R 5 Z4m g 32 58

T3¢ 0 3R E
1 1
mE s TR G | EEzenFR S vaxisil ZA 5t
- RAIN AND FOG SIMULATION SYSTEM \ 7 LANELINE BIMULATION SYSTEM © VIXSIMULATION SYSTEM
1 \ 1 I

Goal 3: Organize and promote China'’s test and verification system and
apability building
P = /- e

g¥ “'"',

Goal 4: Form large databases, scenario libraries and standards related
to SOTIF

Intersection,

Other car run red light Front side Parking Pedestrian abrupt crossing

Intersection,
Pedestrian run red light

Intersection, i i
Eomplex crotd Bike abrupt turning

B Working group objective: to promote the standardization process of SOTIF in China, to build certification center and test laboratory,

and to form large database, scene database and standards related to SOTIF.

14



3. Industry Practice of SOTIF in China
3.3 CAICV-SOTIF Technical Alliance - Five Year Plan

Juswdolansp 011euU39S 41 1LOS

SOTIF protection technology

SOTIF development process standards
definition \

demand

Vehicle test

SOTIF
_{@?
; E> Real time

control

design

SOTIF test and evaluation

Vehicle level: NOP, HWP_, AVP

System level: Sensing. Position, HMI, Decision, Control

Component level: Lidar, camera, millimeter wave radar, ultrasonic radar,
integrated inertial navigation, computing platform

Algorithm level: Perception, decision-making, planning, control,
networking and cloud control

Simulation Closed site Open road

[

uleyd |00] olreuads 411.0S
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3. Industry Practice of SOTIF in China
3.3 CAICV-SOTIF Technical Alliance - Five Year Plan

2020 2022 2024

V1 V2 V3 V4 V5
WP1: SOTIF Scenario Database Construction ® ¢ L 2 L 2 ¢ ¢

V1 V2 V3 V4 V5
WP2: SOTIF Frontier Technical Report @ o o o O O
WP3: White paper on intelligent connected Vehicle V1 V2 V3 V4
safet P ¢ ¢

y

WP4: SOTIF test and certification system
WP5: SOTIF optimization scheme design @ ¢
WP6: SOTIF Safety Analysis Tool Chain ® ¢
WP7: Research on SOTIF Typical Driving Assistant ® ¢
System
WP8: OEM SOTIF Research Report e ¢
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3. Industry Practice of SOTIF in China

3.4 SOTIF Scenario Library

Data source

SOTIF System
Limitation/Element

SOTIF Scenario Architecture

Academic FECEDon Layer 7: Vehicle inside information((.)) @ 2
Knowledge ' O + - @
i . . . Layer 6: Communication State 7~k WS
UL & decision-making Y (i L
@) e
g - + - Layer 5: Nature environment 5 ‘%ﬁ
OEM/Tier 1/Tier2 Y , . &
HMI Layer 4: Traffic participants KR 2L gt
DEeveIo!oment — g + e -
xperience 2 : D ulati " ‘n
Layer 3. Temporary manipulation =]
@ _ y porary p ﬁ\,‘ Y o
— Location SHT &6
Layer 2: Infrastructure it e
Government —_— +
Accident Database - ,,9~
Actuation Layer 1: Road structure §0\

E Analyzing the data provided by each member of the research group from different perspectives to conclude limita

tions and elements of the SOTIF system, and further summarize 7-Layers SOTIF scenario architecture. .



3. Industry Practice of SOTIF in China

3.4 SOTIF Scenario Library

Data acquisition

)

Beijing & Shanghai

THU
SMVIC
CATARC
CAV
Lotus
HZ
PATAC
HoloMatic

Chongging & Chengdu

CMVR
CAERI
CA
Changchun

FAW
Suzhou
TSARI

Wuhan
DFM

1000+

MmEhERERE

HtER

BAER

it :

> BHER

> BHSHR

@ #ELETE x  +
€ C A F&Z£ | scstsv.tech/info/edit
# mA [ partialgomEmmm.. ) gettheareainsq.. @ Gotchas/FAQ — p... geometry - How t.. FIFEPythonthaYly

SOTIF scenario shared database

Data analysis and recording > | Data storage and operation -

SOTIF shared database of AV

O E
o

o % *» @ :
» e

iR [8] FEEAER

B Build SOTIF shared scenario database, with more than 1000 cases and 300 test cases

Sudden lane change

Left turn vehicle collision

18



3. Industry Practice of SOTIF in China

3.4 SOTIF Scenario Library - Standard approval
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B Standard for the construction of SOTIF shared database of AV has been approved 19



3. Industry Practice of SOTIF in China

3.5 SOTIF Research on test evaluation system

SOTIF test and evaluation

Vehicle level: NOP, HWP, AVP

System level: Sensing, Position, HMI, Decision, Control

Component level: Lidar, camera, millimeter wave radar, ultrasonic radar, integrated
inertial navigation, computing platform

Algorithm level: Perception, decision-making, planning, control

Simulation Closed site Open road

20



3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - Navigate on Pilot in urban intersection

Perception Algorithm
SOTIF evaluation system
and improvement measures

HMI System
SOTIF Evaluation
System and Improvement
Measures

Perception System
SOTIF evaluation system
and improvement measures

Control system
SOTIF Evaluation System
and Improvement
Measures

Location system and
algorithm
SOTIF Evaluation System
and Improvement Measures

Decision-making system
SOTIF Evaluation System
and Improvement Measures

HWP in Cut-in Scenario
SOTIF analysis

Autonomous valet parking
function
SOTIF Evaluation System
and Improvement Measures

21



3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - Navigate on Pilot in urban intersection

Typical Hazard

Typical Scene Selection & | Data Collection &

Quantitative Test

Analysis & Risk Definition of Ke Annotation .
alysis & Ris y . Analysis System process
Identification Parameters & Analysis
=} Tsinghua
it % ¢ University
|
[ |
- f-:—:‘,_—,{;“ l‘
3 CAERI rRIRS
| |
clp ©Hxrs ( J
> el SIC

& 1«

PATAC NUIIMOX

— H@BHE—

u: Automotive Re
S " \
D.GAUTO §
T < &
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - Navigate on Pilot in urban intersection

Typical Hazard Typical Scene Selection &  Data Collection &
Analysis & Risk Definition of Key Annotation
Identification Parameters & Analysis

Quantitative Test
Analysis System process

Function and system architecture Crossroads Hara analysis(STPA)

Top view Camera x 2 Right ultrasonic radar x 3
1 ‘ Short Range Radar

Short Range Rad " . n
o BRI ACRY Driver Operating Judgement Recogntion
\) = < i, Je Ef3G
'y t < © E e g5
i Es
| ¥ : Driver Warnings and S
| o System Controls Driving Monitoring rlveTn di:g;z‘rg: an 2|
Long Range Radar @ 1 v H Cinisoer B
Lidar : \ ¥ High-Definition Map
Y i GNSS o system Jtatus
| Activate/deactivate the syst
Front ultrasonic radar x 3‘ :-‘: ar x" vate/deactivie the SyStem | Takeover fequest Short Renge| | ;uar -
3 Perceptual & Fusi Radsr s
op £ Srcentua USIOn_ Long Range [Ultrasonic © g
] ;a Environmental model Fusion Radar Radar c =
£kt Front Stereo| Rear (7]
Camera | Camera 'g =
Short Range Rad: % Fg - Carena) Camera i
Yy el o i Locatiatn 3
2 H
Top view Camera x 2 K ® 2 | Position State 42
2Pe (% Driver model gae 3%
2p2 v High Definition [+ I e 13
2pe = Map&GNSS ae 3=
SES
Controller ke & — - g
. a = Decision & Planning
Breaking @ Situation Assessment
Perceptual & Fusion Algorithm System Decsion making
1
Path Planning
Decision & Planning Algorithm :
= SIS RO
Command acceleration Command breaking ‘Command Steering

Control & Execution Algorithm

Braking System Sterring System

wheelig heading

Vehicle Parameter
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - Navigate on Pilot in urban intersection

Typical Hazard
Analysis & Risk
Identification

Typical Scene Selection &

Definition of Key

Parameters

Data Collection &
Annotation
& Analysis

Quantitative
Analysis System

Test
process

Causes of Traffic Accidents at Crossroads

Intersection accident distribution

Envi

ironmental change:

Distribution of the causes of intersection accidents

Other 17.38%

s caused by temporary obstacles | 0.33%

Environmental factors related to traffic design | 0.47%

Changes in the envi

ironment caused by weather |mml 1.28%
Vehicle failure jmm 1.17%
Disease, drug effects | 0.16%

The wrong behavior by other drivers |EEE————————— 7.42%

The wrong behavior to turn 27.06%
O d 13.04%
Illegal misuse of the driveway | S 66%
Behavior in the presence of visual blindness | 0.17%
Misjudgment of the actions of other traffic participants 21.30%
m leftturn = Straight = Right turn Distraction K 0.23%
Lack of vigilance |m—"4.09%
Right turn Straight Left tum
Observations- | Proportion- | Expectstion | Zvalue | Observations- | Proportion | Expectation | Zvalue | Observations | Proportion | Expectation | Zvalue
Insufficient alertness or interference E 289% 103.73 -6.94 103 S81% 175 544 14 5.50% 188.27 541
Misjudgment of the actions of other traffic participants 1 1201% 103.73 7 B840 47.35¢ 175 50.27 284 13.71% 188.27 6.98
Behavior in the presence of visual blindness 105 9.20% 10373 012 216 1218% 175 310 151 7.29% 188.27 2n
Ilegal misuse of the driveway 19.89% 103.7 1210 108 6.09% 175 -5.06 110 5.31% 188.27 -5.70
Overspeed: 41 59% 103. -6.16 283 | 1595% 175 a7 1.79% 188.27 -11.02
changing lanes while going straight | 524 45.92% 10373 az 7 0.96% 175 sa: | s18 44.33% 188.27 5318
The wrang behavior by other drivers 05 148 B34% 175 .04 134 647% 188.27 -396
Physical defect, drug effects 0.18% -9.99 3 017% 175 300 | 3 0.34% 18827 -13.50
Car design defects or vehicle failure 061% 10373 -9.50 14 0.79% 175 123 £ 135% 18827 1168
Environmental changes caused by dynamic factors (Weather, temporary | 14 123% -8.81 2 163% 175 104 | 36 4% 188.27 1110
obstacles)
ssed by (traffic design) 3 0.26% 10373 -9.89 13 0.73% 175 225 | 8 0.39% 188.27 1314

By summarizing the cause of the accident and the magnitude of the Z value, the significance of the

cause of the accident is reflected.

Scene of Left Turn

Selection of Key Scenes at Crossroads

@

8

|

Vi=7m/s
som— V2=8m/s

V1l=7m/s

—g—~ V2 =8m/s
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - Navigate on Pilot in urban intersection

Typical Hazard Typical Scene Selection &  [BEIEES] Tl [o] gl L

Analysis & Risk Definition of Key Annotation Ar%?agitsltgtlgteem r-gisetss
Identification Parameters & Analysis y y P
UAYV Data Annotation Sample data calculation and analysis

Real vehicle data collection & UAV data collection Conflict Samples Analysis of Going Straight and Turning Left

Inter-frame YOLOV5 Rotating Rolabelimg loU and B
matching target detection = — Marking O  Hungary A 0 !
o _ o - “) i
T S o G2 D @ O D —
@ = @ = o 8 Q2 o =
83 8§ S E S= =1
= E||_r_n|nate @ Automatic =~ & Manual S Automatic < o 2
jitter labeling correction tracking : -
- ?:.ll ||||||||||-!|."" -

Histogram of initial Velocity-VO
—— raw_dal

— chi2; d b

4 6
Velocity (m/s)

6
Velocity (m/s)

> Video stabilization + Target Detection + Target tracking > Sample speed calculation + Distribution fitting + Significance test
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - Navigate on Pilot in urban intersection

Process

Before
entering the
Intersection

In the
intersection

After leaving

the
intersection

Safety

TTC
Horizontal and
vertical safety
distance

Controllability
Potential Field
Potential
collision
severity index

Horizontal and
vertical safety
distance

Traffic regulation
compliance

Traffic sign and traffic marking
discern and response

Traffic light discern and response
Traffic command gesture discern and
response

Priority judgment and response

Use of motor vehicle signal lights

Priority judgment and response

 Traffic marking discern and response

Traffic efficiency

Speed before
intersection

Self-car delay error
value

Reaction time to triage
conflict points

Time to pass the
intersection

Start-up time of cross
conflict point

Speed after
intersection
Reaction time to
Confluence point

Quantitative

Analysis System

After leaving the
intersection

T e i i

oo
Hu
e
Inthe b= i
—intersection
"““x
|I r
| d

AL Before entering

the intersection
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - Navigate on Pilot in urban intersection

THU
TSARI
SMVIC

CAV
CAERI

CA

Total

5

S B~ O1 01 O

31

Right hand vehicle
forced

Quantitative

Analysis System

Right turn and
opposite pedestrians

i Left turn blind a

at intersection

Go straight through

the red light

The opposite pedestria

runs the red light

@ hEEHH
CAERI

Electric cars run
red lights

E NOP in city crossroads consists of 6 companies, generating a total of 31 VTD test cases
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - Navigate on Pilot in urban intersection

Quantitative

Analysis System

Site situation

10.4m

The experimental test site was identified by the Equipment Industry
Development Center of the Ministry of Industry and Information Technology as
the National Intelligent Networked Automobile (Changsha) Test Zone and the
closed test base for automatic driving authorized by the Transportation Center of
the Ministry of Transport. Its main unit is responsible for the application and
supervision of Changsha autonomous driving open road license. This
experiment is mainly completed in the urban road simulation area.

e
T

Non-motor vehicles
crossing intersections

LN

CHI

The stationary blind area of
vehicles rushes out of non-
motor vehicles.

}_-;

_

Test case design

TEREERR]|
_ \

|
i

Pedestrians suddenly burst out
of the intersection.

—= -

4

Vehicle steering in blind
area of moving vehicles

Y

Motor vehicles at adjacent
intersections turn to grab lanes.

e
=
il

Turn to the motor vehicle
and grab the lane.
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - Navigate on Pilot in urban intersection
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Motor vehicle snatching-UAV perspective Motor vehicle rush-in-vehicle perspective

29



3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - HWP in cut-in scenarios

Perception Algorithm
SOTIF evaluation system
and improvement measures

Perception System
SOTIF evaluation system
and improvement measures

NOP in urban intersection
SOTIF evaluation system
and improvement measures

HMI System
SOTIF Evaluation
System and Improvement
Measures

Control system
SOTIF Evaluation System
and Improvement
Measures

Location system and
algorithm
SOTIF Evaluation System
and Improvement Measures

Decision-making system
SOTIF Evaluation System
and Improvement Measures

Autonomous valet parking
function
SOTIF Evaluation System
and Improvement Measures
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - HWP in cut-in scenarios

System Function Definition
& Trigger Condition
Recognition

Typical Scene Selection &
Definition of Key
Parameters

Q‘\\\]ERSII),
E Jilin University

DONGFENG
MOTOR

Data Collection &

Analysis

RIRS

azmmnaamgasmﬁm o

o

/i

Quantitative
Analysis Process

Test Process

31



3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - HWP in cut-in scenarios

SRR EE R | /pical Scene Selection . L
& Trigger Condition & Definition of Key Data:r(]);:ecs:'glson < An(glrasnigts:(l)\éeess
Recognition Parameters y y

System function definition and trigger condition recognition

" opc S— < S— - —
W vy e WS o

. . _ _ ) » Good light; . .
ngZV\Ilay olr city exprlessway, * No road traffic hazard signs; « Target vehicle(Cut-in vehicle) ; . Rain sngow and fog are High-precision map
Road lane lines are clear; * No traffic lights; « Other vehicle(Obstacle vehicle); e o .

Radius of curvature of the ' within a certain range, _ :
road>125m: » Temperature and humidity are within a certain range ;
* Slope within a certain range; u SOTI F HARA and Trigger condition recognition
B System initial architecture definition as Hwpizt1 2 mewpin| 5\ | wamm | gesenst ]
RS B g | Reaspnable misuse

Lmsema ERREE

T T

mmmmw BEALER

pEETd

. A, HE

IiEfERRRT SR may  |RRRSHIEE, SHHWPIERE
| REHE

* ADASHi{sk

RS HE
sewrPRE ConolobioTHE H AR A
g Nosith g o
Hg e 520 4E MEYERE 0 i g

Test Process

A analysis to identify

Sensor solution (only in Cut-in scenarios) System architecture scheme

]
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - HWP in cut-in scenarios

System Function Typical Scene Selection & Data Collection & Quantitative

Definition & Trigger Definition of Key
Condition Recognition Parameters

Analysis Analysis Process | ot T 10CESS

A

s
Traffic Vehicle

Prediction time _; _ Duration of completing cut-in __
o0 T1 1 73 T4 T5 Timeline
Tend to cut-in Predict cut-in Confirm cut-in Min TTC-Dynamic ~ Max ego deceleration ~ Complete cut-in

Definition of Key Parameters

Cut-in scene definition, data collection and analysis

EMEEA  HEREA it ’(
RS-Ruby RS-Bpearl Leopard

| N \
\
. f
——TR gy camen
Switch |8
RTK antenna . RTK antenna
Radar v, T Radar
it pbag Comars) @ T @ Comers -
v Uder v
\ 1PC by mz
s @ Cyroers
- ; I 1 y Ty e
< i
L
]
0
-

Install data acquisition sensor system UAV aerial survey data collection
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - HWP in cut-in scenarios

System Function
Definition & Trigger
Condition Recognition

Typical Scene Selection

& Definition of Key
Parameters

Data Collection &

Analysis

Quantitati

Analysis Process

ve

Test Process

functionality.

== 1. Quantitative evaluation dimension

» Consider the level of automation and

Staged quantitative evaluation

| Stage1 &4 BEERITH

= 2. Quantitative Evaluation System

* Develop a quantitative evaluation
system based on the evaluation
dimensions.

_—— e —_——— —

lll 3. Quantitative evaluation index
and its recommended value

* Formula and physical meaning.

Unable to cope

* HWP provides a small braking deceleration to avoid collisions with cut-in

vehicle;

I
I
I
| L%
I
I
I

il

=&

E SR

=
=

= @il

—

* HWP provides a large braking deceleration within the specified response time
to avoid collisions with cut-in vehicle;

« HWP is unavoidable to collide with the cut-in vehicle even it brakes at the maximum
deceleration within the specified reaction time.

Evaluation stage

Optimal evaluation index

ITTC(time to collision)

PTTC(potential time to collision)

1-1 Minimum

TET (time exposed TTC)

safety distance
violation (MSDV)

MSDF(Minimum safety distance factor)

MSDV(Minimum Safe Distance
\Violation)

1-2 Proper
response action
(PRA)

PRA(Proper response action)

MADR(max deceleration)

areq(Required Acceleration)

along req(Required Longitudinal
Acceleration)

BTN(Brake Threat Number)

2-1 Whether to
collide

Cl(crash index)

slow down the

3-1 Controllability [T TB(time to brake)
4-1 Proper Similar to 1-2
response action

4-2 Whetherto  delta-V

delta-S(Severity)

collision
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - HWP in cut-in scenarios

System Function Typical Scene Selection : o
Definition & Trigger & Definition of Key 2L\ A(\Zr?all:e(;%on < Ar%ll“';;gts:gvciss Test Process
Condition Recognition Parameters y

Performance boundary pre-compliance testing method

Mainly based on

Derivative scene as B L s
basic scenes B e ] e
supplement e b s
*The vehicle (equipped *Superimpose the ==l e T e T
with the system to be e

dangerous scene elements
of Layer 3/4/5/7 (e.g.
road conditions, rain, snow,
fog and light) on the basic
scene as interference, and
test the system
performance boundary.

_ inspeeds D - J

HEitpEE=R \/\//é*f L)

@c /—’
(elD) A

tested) travels at
different speeds; the
target vehicle (GST) cut-
in at different
longitudinal cut-in
distances and
longitudinal relative cut-

Design site road test case based on Perform site/VTEHIL test cases to get the
preliminary system performance boundary performance boundary of the system under test
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - HWP in cut-in scenarios

System Function Typical Scene Selection : L
Definition & Trigger & Definition of Key 2L\ A(\Jr?all:eggon < Argllljasr:gts:lo\éeess Test Process
Condition Recognition Parameters y y

Test scenario
construction

Y

Vehicle parameter
configuration

Y

hardware interface

Y

Write simulation
test files

\ 4
Automatic
execution of
simulation test

Simulation test method flow

HWP SOTIF scenario databases contain 26 basic cases and 16 dangerous cases

In the high-speed scene, there are billboards on the In the high-speed scene, the main vehicle speed In the high-speed scene, under the heavy
roadside, and there are portraits on the billboards is 27.8km/h in the fog environment snow environment

In the high-speed scene, trucks in adjacent lanes In the high-speed scene, the motorcycle In the high-speed scene, the target vehicle
cut in when the longitudinal distance is small cuts through the central isolation belt, cuts in
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3. Industry Practice of SOTIF in China

O SOTIF Evaluation System - HWP in cut-in scenarios

Test Process

Field test - SOTIF safety performance of high-speed automatic driving / auxiliary driving function under cut in scenario

KR XS
RN | B4 il | N | 4n JLE At
0

2
3 Wikks it E NI ikl if LT I

) ‘=/—>
UelD

Test case design, 9 working conditions, 27 tests Test preparation, multi device synchronous recording Test execution
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4. Current status and future prospects

4.1 Current work 1 - SOTIF Frontier Technology Research Report

] Other
Countries
AEB [
Policy UL4600 1S021448
T I and Law \
ACC Eamm ypica 5034502
ADAS ‘
Simulation \ 4 S
SOTIF Frontier
Test
\

Technology

Test Research —_—
Technology [

Decision-

Making
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SOTIF Frontier Technology
Research Report
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E SOTIF Frontier Technology Research Report was published in NOV. 2020.




4. Current status and future prospects

4.1 Current work 2 - Intelligent Connected Vehicle SOTIF White Paper

Case Element
Analysis

Risk Discussion

HEEMELSETHIIGER 2
Safety Cases with
Chines_e : Eﬁ:ﬁ
e ChilsniEil Intelligent Connected Vehicle

1 =
Bample Fyerification and Algorithm SOTIF White Paper
™~ S Algorithm
Result Conn .

Vehicle Safety

: ) HMI
Failure Model White Pa per B Human
< e Factor

Risk Assessment

and Measure Hazard eHMI
Identification

Measure
Event

o ] Known Hazard
Unknown Hazard FEEHEARAEF LA FRE

2020 4 10 A
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E Intelligent Connected Vehicle SOTIF White Paper will be published in 2021.




4. Current status and future prospects

4.2 Future prospects 1- FISTIA Intelligent Safety Conference

FISTIA (1ISC2021) meeting

2. CAICV SOTIF Technical Alliance

FISITA Intelligent Safety Conference

Discovering safety solutions, enabling autonomous driving

2. CAICV SOTIF Technical Alliance

2.7 SOTIF Evaluation Framework - Perception System

16 July 2021 | Changchun

2. CAICV SOTIF Technical Alliance

2.7 SOTIF Evaluation Framework - City Pilot in Crossroad Scenarios

KRR
5 A TR I

RZEWEF-£, RV LR
5T 20214E 7 A 16 B (EACFE ¥ 28 H A
onference (ISC 2021)
HARGiH

2. CAICYV SOTIF Technical Alliance

2.7 SOTIF Evaluation Framework - Highway Pilot in Cut-in Scenarios

a.com/ISC sld il SCA —HERY .

FISITA Tsinghua University Intelligent Vehicle

China SAE Design and y Research Institute
CAICV SOTI hnical Alliance
CAICV Cybersecurity Working Group

College of Automotive Engineering, Jilin

University

Typical hazard Scenario selection Data Quantitative
collection

and analysis

analysis and risk
identification

and key neter
definition

Automotive Innovation
State Key Laboratory of Automotive
Simulation and Control
State Key Laboratory of Comprehensive
Technology on Automobile Vibration and
Noise & Safety Control

Main Participants:

@ Jilin
University

l—%

Dongfeng
Motors

T

]
i) SaIC _?\‘lﬁs

i@ n\cu.rlﬂ

Jun Li
Academician of China Engineering Academy, President
of China SAE, Professor of Tsinghua University

Nadine Leclair
President of FISITA, Chair of FISITA Intelligent Safety
Working Group

|
@ @
® X

B Co-organized the SOTIF session of the FISTIA ISC conference in Changchun

2.7 SOTIF Evaluation Framework - Decision-making System

Test procedures

Performance
improvement
and functional
modification

Improvements of
Decision-Making

E FISITA ISC will be held in Beijing and co-organized by Tsinghua University around 2022.08.30-2022.08.31
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4. Current status and future prospects

4.2 Future Prospects- Construct a multi-functional integrated SOTIF comprehensive test system

& A 7 I R & H 13
KT 2R G e e AR U GNssHE FA 2E TERBNERGE EEansan RS

BN R S5 EEsun ARG vex#ii B 5

E Construct a comprehensive SOTIF test system with multi-functional integration of perception, planning, decision-making and control.
42




4. Current status and future prospects

Key technical
cooperation

Work

together for
SOTIF

architecture Discussion of

design ESHE X A A 92 T4 research
results

Share of SOTIF
solution

Email: hong wang@tsinghua.edu.cn Contact: caAV-sotif@china-AV.cn

E Through key technology cooperation, exchanging of research results, sharing of SOTIF solutions, etc. to joint efforts for SOTIF archit

ecture design. 43


http://www.caicv.org.cn/group?id=184
mailto:hong_wang@tsinghua.edu.cn

4. Current status and future prospects

1. Is it possible regular meeting link to SOTIF technical Alliance in China to exchange
Idea and methodology regularly, such as in two months or three months?

2. | am very glad to invite participants in VVM to share their idea in FISITA Intelligent
Safety Conference in August 2022.

3. Is there any opening to discuss international standard regarding the toolchains for
verification and validation method?

4. We are looking for international cooperation project opportunity.
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