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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 & state of art tech combined model for ALKS defined in UN157.

Exangerous; event Decision Reaction - :
occurred ‘- TTC2.0scc : ~
Decide how to avoid | Releass accelerator pedal Transfer foot Apply brake m Emergency braking area :
L. Danger t) |Mame | ! - ‘ "]/\I“QOJSSCC sBraking defay
e Grakrg | | Pmasey Brake pecal Brake pedal Srake pedal | — — — — — — — —— - —— . s - e e i (s e s e e
e T © ol Al v ’;l i 72— - rbo.nm iPescealian Lire
R e ‘ i/"' ' # /3 rl‘ ‘ = 2 peted— = 0.375m:lateral movement Cul=in
o ey L—.‘, > dan - —Z ) Accelerator | =/ Accelermsor Accelergor | 0 w=TtT = il SN g ""' R T it i S _ distance Perceived
Diver Braking! | " pedal — pedal —peaw Wandering zone | e ey Boardary
i Over | 1 Al ot — =) oyt ey
situation | FRigk )| Breaking Defay )
. Perception Judge e Brake Maneuber
ACCOIQF@((L‘ pm’q‘ Deceleration
S = ~ e / Time ! -
Benavior  Cutdn Risk Decisionon _ _Asceferatorpedal Stan ———— THW-2.0sec ”
Start Percelve Percenved b’““ﬁ"‘g’ o dadt completelyreleased Deceleration
=
TTC at the timing of AZB actwvated: TTC,;
Max. Deceleration G: Max Deceleration G -
0.774 G (tentative) 085G T { ‘W i .1]
e § e ) o )
A A N ¢ Chemditee T S e p gy L S R
.f, g;l:y in ) z Cmut
3 0.7 . + ) ' Perceived
= : 5”‘.: / ‘?:c:elir:‘:::a::g;ee. ' Jerk_time E enl-diskanee - — - —- —- — Boundany
L - 0.1s
'\
Entered emergency braking area
Relative Speed|km/h]




Foreseeable and Preventable Boundary Page?

Preventable and foreseeable criteria is implemented into the ALKS regulation as

quantitative pass fail boundary.

. Relative velocity {Ve0-Vo0][kph]
dy0=1.6m

L0kph 20kph 30%ph 40kph Sokph
SO b i LA ”‘.'\'.1 Z skl a4 Supmbe e 1 R—— SP—— . - Wi . m ‘ -

I mmlmun i mnu nmmmmw

optnichnad hevancw [dwn)

" 0 '
GakpHy |'Foreseeable ard Prevenaﬁ e

" "xs_a:-c bouwt r(j i

-

et ] “'M s [d o
[
£33 1dx0] — "i%mk ;|m

v [veOl[kph]

5 Foreseeable and Preventable -
i THL BV
reseeable Hill boundary

L

Longitudinal distance [dx0] [m]

Challenging vehicle "ll"{“ﬁhh :

g.

QNN |
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O Scenario Model O Scenario Data Format 0O Parameter Distribution

Concrete Scenario

e - Entity

'; - 5 Init
3 - = _ ego

speed:60km/s

S 1 D B » . lead
Ce n a rl O ¥ 2 - speed:60km/s
=1 7 : = ahead_of:30m
. Scenel
= T . - . lead
— lanechange:2nd->1st, speed:60->30km/s, rate=3.0m/s ‘
- >

Lateral velocity in Cut-in

Number

O Simulation Requirement O Simulation Validation O Simulation

Method & Criteria
@ I _

Virtual Testing Platform [ —————

-5 )Y voNETA (=T 130 % e
4
L Sw

| ' ] R
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O Scenario Structure
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Validation (| etseietie g
Method & Criteria
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( Data Driven Test

Real world data
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Process

R —
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istribution

Parameter

—0

Scenario

__Structure

—
Foreseeable

{

Scenario

,~ Scenario Structure —

Traffic Disturbance
Traffic participants’ unsafe behavior
o Rl e

e
--
a n
| e, —
T , ]
Ego Vehicle Traffic Participants

Surrounding Vehicle

range - . h Posm‘onvb/ahavior
| ' -.JIIJ | Preventable . —-~Q"7’
o Scenario ~— Comparison between... —
ol ol Competent and Careful Driver
- and AD Collision avoidance
Scenario Data Format ey g e € e v e
(E::-{};:;ete Scenario m Cm
speed:60km/s Emergency brakng medel Normal braking model
Sc?z};e}adfof:mm .:; v.k—:’o:ﬁ. :~ m:;m'
ratelja;gﬁ/a:geﬁndolst,speed:60»>30km/s, -‘A , ::..... - -;:-._:::%'
— Evaluation Environment 3 = 7
/Real-trafﬂc tests\ /Proving ground tests\ / Virtual tests \
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4-1 Over view of traffic scenario abstraction layer Page 17

Sarroundng et
X chichs posstien | mukon
]
Dwcwlerstion
Acceleration pl
ol | 2 | |Stop)
™ , M
\
2 -
: =
! %)
-
] -'_[.‘ I | BSIERE ]
b
=
3 i Mo 1 0. 20
" o
NO 11 % > all
|
-

Decomposmon of Accident Risk

Functional Scenarla

Surraunding Traffic Participants

Road Geomeatry / £g0 Vehicle behavior
- position
- behavior

= ,

>

S Functional Scenario Layer

c

.-g Categorization of scenario based on external accident risk

8 e 7

.-3 Perception Disturbance Vehicle Stability Disturbance
O

<

Side wind  Low friction = hole, bump /

B W

Logical Scenario Layer

Adding disturbance parameter/by AD internal physical limitation

Coﬁcrete the test condition chosen by logical scenario in accordance with ODD and system setup



4-2 Functional Scenario Page 18

Classification of traffic disturbance, which clarify the external accident risk
caused by the traffic participant and obstacle.

Decomposition of Accident Risk

Functional Scenario

I

Road Geometry Ego Vehicle behavior Surrounding Traffic Participants

: — Chapter 2 elaborates this process
- behavior

Functional Scenario Catalog

_ Acceptance level of risk by safety principle belongs to
| functional scenario category




4-3 Logical Scenario Page 19

Adding the disturbance parameter derived from the difficulty of ADS
according to sensor & vehicle control physncs

4 Perception Disturbance /" Vehicle Stability Disturbance N

Factors that may interfere with or degrade factors impacting vehicle control
monitoring of the driving environment e.g., strong wind, road surface conditions
(e.g., inclement weather, absence of road markings)

Side wind  Low friction hole, bump




4-4. Scenarios that account for safety-relevant root causes for DDT ==

External Perception Traffic Judgement Command

Environment Participants’
Position

Path/speed plan

%W

Fusion / Planning
| [ | [ | [
Perception Scenario Traffic Disturbance Scenario Vehicle Stability Disturbance
camora ex. steep cut-in, Scenario
obstacles after cut-out,:- ex. side wind, low friction road

Low signal from a target in the darkness
surface, pot hole, -

Lidar
. Low reflection caused by dark color of a target e liE

Radar

/ Sody nout / [/ -,:':
Body input 1 Input

ghost from multiple reflection
m
o geometry
[ﬁ . s —‘ atu
E=Tra G FE]
===
(e [aa] ' [5=]

e N I e ol o o B o [ |

By logically structuralizing scenarios in accordance with the physics principles of the AD system, it is possible
to provide a holistic coverage of the safety-relevant root causes for given dynamic driving tasks.

1SO34502 applies this rationale to develop three scenario categories: perception (perception disturbance
scenario), judgement (traffic disturbance scenario) and command (vehicle stability disturbance scenario).
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Component of functional scenario Page2?

This accident risk can be logically decomposed into road geometry, ego-vehicle behavior and

other traffic participant’s position/motion.

Functional Scenario

Road Geometry Ego Vehicle behavior Surrounding Traffic Participants
- position
- behavior




Road geometry and Ego-vehicle behavior icomponent 102

—————————————

-Road geometry is classified into 3 types (main road, merging, departure).

Page?3

-Ego-vehicle behavior can be simplified as lane keeping and lane changing.

Ego-vehicle behavior

Lane keep

Lane change

Road geometry

Main road

p >

Free driving Following

III\

Lane change Overtaking

Merging lane

-—

oEp i

Being merged

III\

Merging

Departure lane

——

S

(11 ] —

Being merged

m/_/

Departure




Surrounding Traffic Participants’ position and behavior [component 2 of 2] e IO

The surrounding traffic participants’ 4 behavior with respect to 8+1 position which can

cause collision needs to be evaluated.

@Cut out —

areeesereses { N, - K m f =5
¢ K | E -~ ‘ ‘. ‘
: S : : - ; ST

-------------

l 1
decelération deceleration deceleration

,___J____*___

—= =1 N . =

( ( by in cutlr( ) * Lane Change to adjacent lane
I o # L
| I it out v cut | I — X s
\ : deu»imdtnm | ~=daciedlion. / e elfar ation I/ Deceleration *—

\I ———pmm——————— - ) -

fside sid | .
: Pl-s i“ ‘f Prs NI @Cut in ——
(7) I (4) | N\ _

I \ | }

AL . __¥
{ | acceleration I acceleration m_c-lemuon [ I

I Ut in z - ul in
OEBEL):

| : * '
I I ou: G o0 I I
\ -~ g 7

S T e |V o = el b

NOTE) Not only the vehicle but also the static object and pedestrian are also covered by this framework



Consolidation of Functional Scenario Component g"-f-""""fi’f;";_tirf"]Page%

Surrounding Vehicle Position and Behavior

Driving Direction

o me.. o

\_’

Road Geometry and Ego Vehicle Behavior

Ego-vehicle behavior
Lane keep Lane change
mn— o
Main road SEe ==>
Free driving, following Lane change, overtaking
-y on
oan——=. \..
Merging lane
Being merged Merging
Departure lane T e
Being merged Departure

L

Cut out

?Enmmm

sFollow :Leadl :lead2

/
l

Road Ego-vehicle

Deceleration(Stop)

) — < (BB

Acceleration

o --.
N
([

>

Deceleration

geometry behavior (Stop)
N NoT2& == W Nod R3]

Lane ke %0_ ; o || ‘6;_:1 ) o | | oo Com
§ Main N =
=l roadway N N No. 7 =t~
@ Lane change mg% %\"“ﬁ%’ @0 . \ @

] w 1

L
o
= NO NGO o TI NO. 12
[ v _de . oy £
Z Lane keep % mt Ggl % ‘o> In" G.'D
) RS
gl Marge
B No Mo.@" No: No@
'; Lane change " ‘ &
D
= NG No.18 0.19 NO.20
o : \ L . ' .
3 Lane keep m‘s d? - T - ‘o> o éﬁln’
E Branch =
(2 No.21 No.22 No 2W Jw.»

Lane change m;: %& <-W

' 2h




24 Functional Scenarios Proposal

: Ego

:Side :Follow :Leadl :Llead2

Road Geometry and Ego-vehicle behavior

Surrounding Traffic Participants’ Position and Behavior

Road Ego-vehicle . Deceleration
geometry  behavior Cutin Cut out Acceleration (Stop)
No NO2<—9x- No 3= Nod<=m=
Lane keep oV :)_ :\%ﬁ') l%l\é;ﬁﬂ méGx > égﬂ*
X 1] V S
Main _ Gx .
roadway N N x NG.7 No8r o
v dx & m : Gm
Lane change o\ dx . AT wiril g m\) z
"% & 'ZEI* ! Vy g%% ¢
I\oa@?n‘ NGO, I\lo.l(l_dx_> NO. 12,
Lane keep > > D> é;ﬂ IIIL'-%X o> OEp > ép
Marge - >
NG} Voo N% e
I i \ X
Lane change ix E: A
NO.1.4&; No.18 No.19 NO.20
- < - dx _ <Xy <-dx_
Lane keep - V> (1 4 IEIGGIEE [:llzx o> 0ED > 5[@]»
; ) N Gx
ranc
No.21 No.22 “ No.2 No
Lane change H vy %’iﬁ» d 5 —f— 5>
dx y odx X
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Structure of Vehicle Stability Disturbance

: 2 / C,J& D WET Road
= . s ) 2
Fr B L) @ T
re T Frictioncirce " i & ®
I Superdevation Side - -
I HSmail B H Rut/Furrow
I
Lateral Longitudinal : . Head Coefficient External force
[
| gradient slope Curvature || Crosswind Tailwind wind of friction on the tire Puncture Wear
I 0 (N O (N -
Road Natural Road surface Tire
geometry phenomena condition condition

/ Body input / / Tire input /

/ Vehicle disturbance /




Parameter from Vehicle Stability Disturbance Page29

Vehicle Stability Disturbance Parameter

In a curve, the lateral force is - ﬂ@ Curvature [R] Radius
Road generated by inertia forces. It changes o — :
e the direction of the force acting on the s’ : - Within the road structure ordinance
SUUL A hody of the vehicle and checks for ' @ | »
lane departures.
R
C::)---->C::Pw External force | {w] Pothole width

Road friction changes with pot poles, on the tire

GOELESIEEME puddles, etc. Checking for lane

woqlel il | departure by changing the direction of -
the vehicle due to reduced tire force. D 'D M

Wetroad | [u] Coefficient of
friction

Below the road repair target value

Caused by naturally occurring gusts of . :
wind, lateral forces. Check to see if D"“’D Crosswind (Vw] wind speed

Natural

phenomena éizgc'ﬁo'fvpe“;rhsstbo‘;ttﬂz ‘l’;'r:‘s =l ?1]@ Vw Wind speed without speed regulation




Page 30

Effect of Perception Disturbance

[fail to perceive the existing object] or [perceive the imaginary object] can be happened

by perception disturbance.

Examples
Camera

false negative @) -

fail to perceive H
the existing IBSYNS
object False (=)

Fail to detect the leading object because of low Output two separate sensor objects from one object in real
contrast against the back ground road and sky. because of low sensor resolution

WAl :
false positive . —
_VAVE‘II+
perceive the (= B 55 1 Ghost on road
imaginary object "m"” Aok I- ek [TTD
road repair mark can make the Output imaginary object because of too much
confusion with real road edge. input from road surface, road side, and over

head objects in surrounding environment.
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Perception Disturbance Structure

Physical principles [Perception of signals / Sensor orientation) Physical \
S P h A I P A A | Signals from perception targets (5) Signals from others principles
enSOr yslca rInC|p es Phase Power Nowe (N] | Undesined signaks (U] [cha-gnit
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— [ ] [—] L] ]
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l_, = [Varation in amembly o o o o o o
! [ - Ug SENSOT e o semor e = = = = = = =
[‘L"u)‘-vw | no sgras ipemen | (5 v : o O [Frontsuface [sooengeness o o o I
. serception targets (1) R b foengor  |Crarmes - erarsmes o o o
. ) 1 Muwg | (B : d |Srame o o o I
¥ L-.- .-r..A.'.J X X = ﬁ mr?% Rsad g i, = = HI
{Fomensc | (7 - L [UMECE sz = o
[ ) X - n a . |FEeme o o = =
Powas [ Large SMecence of wgn 8 ™ = ] ::;T;e 2 = = HI
[ ™ E
Perception disturbances | Low itemasy L] E E Overhead Rt ion o o I
¥| cn mimimeter-wave radar | : g @ | ohjects [Fereen C I
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! = SPACE Refvavesdigin = =
) {,,.__w ] {“_‘_.,‘T 4 : Refartion o o o 0 o I
: Tgrats oom STy } = - Moving objects [Seees HI
N1, it e | . Bacigroce
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L Sy . u Dty / Wern I
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= : |_Traffic signs | |
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{ [ == ith AD tup and ODD
" WHE o, it ot Wi Sensor setup an
=
: ‘ - 2| installations
o R = ‘
[ Aosd ] ‘ii.{—;‘».:;'” 'n'.-»;mnl . : Other vehicles
urfece abjects cljects Parosptin thrnets . -
(rarcepton targess | L . "
- .
Obstructons | $oung L L] H ]
Traffc wfo. | an Ee lane | -+ L : E‘ Motorbikes
- ‘ ot & s = E‘
o % REEN [ (SR R T - I L
o =
— r’r;::., pe— : l Relatve meton
3 Road miges || Ross soges S 4 u [Cater, Materal
Q. (wneeen) o) K L Pedsstrians  [Srese, Soe
-------------------------------------------------- I anmmnn YT e % e




Page3?2

)y O B W N -

) ]
]




1 EEHDSE

Lv3 low speed lane keep

*';

’

are added to ALKS member for next step
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Regulation
¢’,’ * ‘\ﬁv WP29(Vehicle Type Approval)
S GRVA(Automated Driving):Post ALKS
|
\ \
FRAV VMAD
(Functional Requirement) (Validation Methodology) \\
US Government is less aggressive

about national regulation

Fﬁ

———

Aoy an

NHTSA 1

« “AV 2.0” gwdance
« “AV TEST" initiative
» Research Grant

> uwmkloepanmonlof
| Transportation

» State laws
« Demonstrations

Page34

Standard
/TR International
ISO| & ©IEEE
ISO34502 DTR4804 1ISO21448 L P2846 D)
¥ T , (lntel
I / AN ’,
] ’

Safety Validation / Safety Case
Guideline

INTERNATIOMAL

ORAD

/)
/] . .
,l Guideline

* m———
SAFETY FIRST FOR
AUTONATED DRV ING V4

P$DO g o

-
-
-
-
-
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-
-
-
-

MoU(June/’20)

’
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’
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G

Automated
Vehicle
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