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1. Introduction



Scenario-based safety evaluation of ADSs

UN WP29 & MLIT
@Y Q) Automated Driving Systems, under their automated mode, shall not cause any traffic
~accidents resulting in injury or death that are reasonably foreseeable and preventable.
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Boundaries : reasonably foreseeable and preventable scenario definition



Purpose | s

Ralabia Adtonomous Y anicies

€ To propose a driver behavior modelling concept to define
the preventability

#To apply this concept to specific models based on
experimental data and real traffic data, corresponding to
the respective roles required by ADS






Approach to driver behavior modeling

€ Two aspects about preventability definition

Responder role Initiator role

Scenario

No.1
ADS

CO—

Surrounding vehicle

No.7
ADS

A

Surrounding vehicle

Safety
requirement

- Strive to achieve utmost effort
for collision avoidance or damage
mitigation while surpassing the
performance of human driver

- To temporarily withhold lane
change to prevent collisions and
avoid obstructing the rear vehicle

- To complete the lane change
appropriately

Research
subject

Quantification of a competent
and careful driver behavior

Quantification about the
subjective experience of the
rear vehicle driver's feelings

Waymo (2023)

Different safety requirements : responder role / initiator role



Example of responder role

@ Driver's evasive behavior processes by a braking operation

Perception Decision Reaction
A
% Accelerator pedal Brake pedal
= Accelgratcr
. Risk Risk Decision pedal is
S| perception| evaluation| to brake °;21ap;:;e|y
r .
=2 M S / Deceleratlog
;( \ Time
Other vehicle < A e | Deceleration occurs|
initiates lateral Perception Decision Accelerator Foot transfer
movement time delay release time time

Requirement : to make its utmost effort to avoid a collision

Rallabia Atonomous Yank



Driving Simulator Experiment 1 | €

¢ Data acquisition to define a driver behavior model for responder role

- 11 ordinary drivers (average age 38.7 (25-49))
- Data collection driver's utmost effort to avoid a collision
- Quantification of required time for risk judgement by driver

‘T_.w* ' | Parameter Value
Ego-vehicle velocity 100 km/h

Traveling velocity in the adjacent lane 70 km/h

Lateral velocity of cut-in vehicle 1.8 m/s

Time to collision at the onset of the cut-in | 3.0 sec

Quatification : driver's evasive operation by braking as utmost effort



Example of initiator role €

SAKURA:

v
Satery Assuranoe Kudos for
Ralisbia Avtonomous Vanicies

4 Human driver's behavior processes of a vehicle approaching from behind

Ego-vehicle activates the turn signal
Ego-vehicle initiatiates lateral movement

Rear vehicle Rear vehicle Minimum
driver reaction time deceleration rate final gap time
[sec] [m/s?] [sec] -
to0 t2
t0 t1
Ego-vehicle[% @
t0 t1 t2 t3
l__' Final gap E
Rear vehicle LG Braking w

Requirement : to behave to avoid not just collision but obstructing



Driving Simulator Experiment 2

€ Data acquisition to define a driver behavior model for initiator role

Obstructing progress [Japanese Road Traffic Act, 1960] -
the act of initiating or sustaining movement in a manner that could potentially compel
another vehicle to abruptly alter its speed or direction to evade potential danger

- 26 ordinary drivers (average age 42.2 (23-61))

Parameter Value
Ego-vehicle velocity 120 km/h
Traveling velocity in the adjacent lane 60-110 km/h
Lateral velocity of cut-in vehicle 1.0 m/s
Time to collision at the onset of the cut-in | 5.0 sec

Quatification : inferior driver's reaction to forward cut-in event

Rallabia Atonomous Yank
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3.1 Driver Behavior Model for "Responder Role"
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Competent and careful driver model | ¥

Ralisbia Avtonomous Vanicies

€ Behavior model surrogating a superior driver performance (braking)

Real traffic data Perception Decision Reaction
Wandaring width & A A | t | dal Brak 5zt
- ccelerator peda raKe peda
4-}’ g’ P Accelerator P
---------------- ' o= s Risk Risk Decision pedal is [
i 8| perception| evaluation| to brake Cﬁmple:’e'y
ontinuous release i
movement 8 _ \ Ny Sy i Deceleratlog .
37 <0 = >< = A Time ) Previous research
.375m .40 sec .75 sec
Deceleration occurs Trainees' brake operation profiles
. i isi [ i i
Lane change| Wandering zone Lateral Perc_eptlon Decision Accelera_tor Foot _transfer s p p
movement time delay release time time 5)
— 1
C
Experiment 1 Reference Driver EB 3 05 -
Maximum G 0.774G Maximum G 0.85G D o
'S 1.50 XX% Rap g |0.6s
2, Emergency . & . . 8 -
£ : Braking Area / %% " + [ TredTew /e =
= 1.00 . DB 05 SN3I88ITSRINISHIY
= : v \/ .
8 * . — — Time [sec]
‘_(:E 050 . . Delay 0.75s DelaY100% Rap . o5 0.7|74G @
G>) o / [— T T T T T T T T 1
% ¢ AEB Trainees (n=245) - b I H
r 000 1st 2nd or ] Regular driver (n=36) —— o
trial - Subsequent Reference Driver
(n=7)  (n=6) Makishita et al. (2001)

Specific parameters for competent and careful driver behavior
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Provision of safety criteria for responder role ¥

SAHURP

e Ahomemmoa vanides

€ Reasonably foreseeable test scenarios with preventable boundary

UN Regulation No.157 Traffic disturbance critical scenarios for Automated Lane Keeping System
Fm— 3.0 EEEEEEEEEEEEEEEEEEEEES
—_ Ego-vehicle velocity:60km/h
% 2.5 Relative velocity:20km/h
= © : No collision
Py 2.0 @ : Collision (front, back)
O : Collision (side)
2 s  Interrupt backward
g .
= ' Preventable
- 1.0 re:rentable I I
PRI 11
— 0.5 l ! Ty
o Preventable boundary
0.0 10.0 20.0 30.0 40.0 50.0 60.0

Longitudinal Distance [m]
UN-ECE (2020)

Definite preventable boundary for responder role of ADSs
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3.2 Driver Behavior Model for "Initiator Role"
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Concept to analyze experimental dataset

¥ Processes to define a inferior human driver behavior

o Experiment data .

Reaction time (A)
™
-
.‘ﬁ

Average deceleration (B)

2

Acquisition of dataset
- Reaction time

- Average deceleration

Quantification of obstructing progress coming from initiator's behavior

a Meaning of 5%ile )

Bottom 5%

Bottom 5%
Representative dataset

kOf inferior performance)

oExtractionlanalysis\
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(18%) | (59%)
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AHURA:

Sataty Ascurance Kudos for
Ralisbia Avtonomous Vanicies
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Extraction criteria for targeted dataset

SAKURA.
® Relationship between driver reaction time and average deceleration rate
Distribution of '"f?r'or s (n=152)
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Superior 0.0 1 1 I I L | |
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Inferior < Average deceleration rate [m/s2 —> Supetrior
p

Extraction criteria reflecting inferior driver performance
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Inferior driver performance data

® Classification result of 4 groups based on driver's performance
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Parameterization by extracting bottom 5%ile performance dataset
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Rallabia Atonomous Yank
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Minimum safety margin for rear vehicle driver ¥

€ Component rate of driver reaction toward different time-headway values

—
o
o

100
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P o5 y 25

0 ! ! ! ! 0 \ \ \ \
0.225s | 0.450s | 0.675s | 0.900s | 1.125s 0.150s | 0.300s | 0.450s | 0.600s | 0.750s
80km/h 120km/h

O Braking maneuver (1.5m/s? and over) [0 Release of accelerator
O Braking maneuver (less than 1.5m/s?) [0 No reaction

Rear driver's expectation : more than 1.0 time-headway
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Provision of safety criteria for initiator role

SAKURA:

¥ Parameters of driver behavior model of rear vehicle

Ego-vehicle activates the turn signal

Ego-vehicle initiatiates lateral movement

v
Satery Assuranoe Kudos for
Ralisbia Avtonomous Vanicies

Rear vehicle

2.0[sec]

driver reaction time

t0

t0

Rear vehicle

t1

Ego-vehicle

t1

=

t2

Rear vehicle Minimum
deceleration rate |  final gap time
t3
t0
1D LD =
t2 t3 m t3

Specific parameters for inferior driver reaction to forward cut-in event
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Required margin for safe lane changing | Ye

SAHURA:

v
Satery Assuranoe Kudos for
Ralisbia Avtonomous Vanicies

€ Example of calculated distance to assure sufficient margin for rear vehicle

200
LC vehicle velocity 60km/h
= 150 Permission
]
§ 103
2 100
© - -
9 Em Idle running distance
© ,
]
< 50 ' Stopping distance
. mj Minimum headway distance

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Relative velocity[km/h]

Safety requirement of initiator's behavior without obstructing progress
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Suitability of proposed safety criteria | Ye

SAHURA:

v
Sataty Ascurance Kudos for
Ralisbia Avtonomous Vanicies

€ Comparison between the proposed safety criterion and actual lane changes

80

Safety criterion calculated by inferior human driver model

70 F \
+ Permission .

60
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Relative distance[m]

20
+ Real cut-in case
LC vehicle velocity 60km/h

;f#“ ¥ Actual case
10 ‘++J" K +

0 10 20 30 40 50 60
Relative velocity[km/h]

Tolerant tendency to lane change with relative velocity below 10 [km/h]
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4. Conclusion
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Conclusion | ¥€

SAKURA:

Sataty Ascurance Kudos for
Ralisbia Avtonomous Vanicies

€ A novel concept of driver behavior modelling

-for defining a preventable boundary through a comparison with
human driver behavior

-for derivation of a specific model by parameterizing based on
relevant empirical evidences

¢ Adaptable approach to define respective preventability to
aspects of ADS (responder role/initiator role)

Future work
- Refinement of driver behavior modeling methodologies

- Applying preventability definition toward vulnerable road users
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