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Tomita et al.: Template-Based Monte-Carlo Test Generation for Simulink Models, CyPhy'17, LNCS 11267, 63-78.
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« A Framework for Automated Driving System Testable Cases and Scenarios
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digital map (E{é .

l.ayu' 5: Environment
Weather, lighting and other

. s OB SIRE (KAR - AXF)

Static, dynamic, movable

, ,,T,mm;":ﬂ.f? " @tk (RUZOEESR)
: Layer 1 and Layer 2

* Geometry, topology (overlaid)
* Time frame > 1 day

N e REIR/ZHEA > T SD—NEE
* Traffic signs, elevated barriers

Layer 1: Road-Level

* Geometry, topology < ~ — == | 4EEcup
. Quallmty,boundaries(surfaoe) @3B TS (ES - 1F8)

Ol (AR - BBAR - BSEIRER)




SFUIUANR—-ADZEMEREE (2)

« PEGASUSKAYw K
3L ANILDOERPERYEEM L
. EXWERET —IENEL T/SA—SZmEE

Functional scenarios Logical scenarios Concrete scenarios
Base road network: Base road network: Base road network:
three-lane motorway in a curve, Lane width [2.3..3.5] m Lane width [3.2] m
100 km/h speed limit indicated by Curve radius [0.6..0.9] km Curve radius [0.7] km
traffic signs Position traffic sign [0..200] m Position traffic sign [150] m
Stationary objects: Stationary objects: Stationary objects:
Moveable objects: Moveable objects: Moveable objects:
Ego vehicle, traffic jam; End of traffic jam  [10..200] m End of trafficjam 40m
Interaction; E§° iHiFnaneLver Traffic jam speed  [0..30] km/h Traffic jam speed 30 km/h
»approaching on the middle Ego distance [50..300] m Ego distance 200 m
lane, traffic jam moves slowly Ego speed [80..130] km/h Ego speed 100 km/h
Environment: Environment: Environment:
Summer, rain Temperature [10..40] °C Temperature 20 3G
Droplet size [20..100] um Droplet size 30 um
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External Perception
Environment Camera

I Radar I
I LiDAR I

Traffic  Judgement
Participants Path/s eed plan
Position

Fusion Planning

] [ ] [ E— [
Perception Scenario Traffic Disturbance Scenario Vehicle Stability Disturbance
g ex. steep cut-in, Scenario
Camera > = 3 2y
Low signal from a target in the darkness obstacles after cut-out, ex. side wind, low friction road
Lidar _ - surface, pot hole, -
. Low reflection caused by dark color of a target = . T ons
Radar —— | l-i.&; | = .
ghost from multiple reflection s R — = - .
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Initial Iniial (Ve0]  Ego vehicle velocity
[veo-V0O] Relative velocity _
Initial | [dy0]) Latteral ('jistan.ce*<
_ [dx0]  Longitudinal distance
Challenging vehicle Veiace | Lataral | ryy) Lateral velocity

dy0=1.6m

Relative velocity [Ve0-VoO]l[kph]

10kph

20kph

30kph

Perception Decision Reaction
Decide emergency Foot Time to enable
Breaking is required | Release accelerator pedal  transfer braking
/\ »- >+ »
2| Acceleratqr pedal Brake pedal
c /
© . . Decision on Accelerator [0.774sec™" ]
ﬁ Risk ) Risk braking pedal ~ .
3 Perceive evaluation completely Deceleration
o W ”' released /
™ Tlﬁe
Perception L it .
[Othervehicld time P Delay in decision /Accelerator release time \Fgot transfergme Deceleration occurs
starts lateral o~ < . 7S -
movement] / €= [a] =D& [b: 0.75sec’] > € T 65ec“]>

CRCRSA/\EFIL
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dtul
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fil
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 Literalvelocty (vy) 3

; l

Literalvi a% %’ F)

N
l

Ego vehicle velocity [VeOl[kph]

éﬁ“"“’”i %

\ﬂﬂ

:

@ : no collision
@ : collision(front,back)
@ : collision(side)

: Interrupt backward

Relative speed is higher than own vehicle speed

[ e]AEIE SR (Preventable boundary)
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exists x € FEMES,
5 existsy € ETXMEAR.
BAs® TR (PROJ,(x)~PROJ (y) and
PROJ,(x)=PROJ,(y) and X,y: Bounding Box
HOE XA PROJ, (x)=PROJ, (if3% XFS) ~: BERD(EEF)
iR

R EE

BRERBTEZFSHLIREREN

in@1, sum@1, dl@1, ... : real
-l<=in@l1<=1/\

sum@1 = in@1 + 0.9*dl@1 /\

dl@1 = 0.0 /\

out@l = if sum@1 <= 0.6 then 1 elese 2
N-1<=in@2<=1/\

sum@2 = in@2 + 0.9dl@2 /\

dl@2 = sum@1 /\

out@2 = if sum@2 <= 0.6 then 1 else 2

out@10=2
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FT4D (Fault Tree for Datasets)

dunl

SRORDERRD, FAHEBEROEDZROANEEMECHT T D1 /D
A0,
>tPEAR (Fault tree) #EAFZIGRELC, T —5tv hZEIRX B ELDIC.

o TNtV NIEOBEFOB—ERDOT, HETHECES<KHERTD.

systematic fault analysis with fault tree for datasets statistically evaluate test results

. AL
S

TestA e

f_\Test E
/population pa: recognition rate)
population
sampling l Tstatistically estimate | -
SRR EEE
- pa: recognition rate of
sample distribution

erroneous \ obtain by testing /
recognition rate p,

________________________________________________________________

conducting testing for each of leaves

Aoki et al.: Dataset Fault Tree Analysis for Systematic Evaluation of Machine Learning Systems, PRDC, pp.100-109, 2020.



BBSL (Bounding Box Specification Language)
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Tanaka et al.: Specification-Based Testing of the Image-Recognition Performance of Automated Driving Systems, IEEE Access, 2025, 13, pp. 6321-6349.
Riviere et al.: A reasoning and explicit algebraic theory for BBSL in Event-B: EB4BBSL framework, ABZ, 2025.
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Aoki et al.:
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