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ABSTRACT

Autonomous vehicles can be exposed to severe danger when failure occurs in any of its
components. For this reason many countries are making efforts on the legislative issue how to
objectively evaluate failure safety of an autonomous vehicle when such a vehicle is commercially
available to a customer in the near future. In level-3 automation, a driver must take over the control
of his vehicle when failure occurs, and the driver’s controllability must be secured for escape from
the imminent danger. In this paper, quantitative methods have been developed for evaluating failure
safety of the level-3 autonomous vehicle, and they were validated by simulation. And also, we
confirmed that the proposed evaluation method can quantitatively evaluate the failure safety.
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<Table 1> Function Definition of FSRA and LKS

<Table 2> Component of Fault Injection Test

System Function System Component
[FOO1] Increase Vehicle Speed. FSRA Sensor Radar Sensor
[FO02] Decrease Vehicle Speed. ECU FSRA ECU
[FOO3] Maintain Vehicle Speed. LKS Sensor Cemara Sensor
FSRA [FO04] Increase Relative Distance. ECU LKS ECU
[FOO0S5] Decrease Relative Distance. Steering Angle Sensor
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<Fig. 1> Simulation Diagram of Fault Injection Test Simulation Environment

Vol.18 No.1(2019. 2)

The Journal of The Korea Institute of Intelligent Transport Systems

93




SAE Level 3 AH2FRAIS At 1 obdd FT got 2 il 2E A7

1o Longitudinal Velocity of Vehicle 10 Steering Wheel Angle
Vg A WA,
100 vl g || - swa,,
g 90 \ z 501 \/Nw-
x \ = |
3 . |
80 - a |
|
70 0
0 10 20 30 0 10 20 30
200 Relative Distance Lateral Acc.
RDcmd
150 1~ RD,
—_ ot
£
o 100
4
50 TN
0 10 20 30
Longitudinal Acc. of Vehicle Lateral Offset
* oF3
%QQ . - - LOuu
0 Musppmibsiiy = 0051
5 \ £ ,
r = ! .
Test Vehicle Object Vehicle x 01 i =0 011 T
< Ax 4 kst . /
100km/h 80km/h K N N\ 4
e N N S I
0.3

-0. -0.2
|—| 0 10 20 30 0 10 20 30
250m

time [sec] time [sec]

<Fig. 2> Test Scenario <Fig. 3> Results of Test Scenario

919 <Fig. 2>+ B7F o A" g A4S Alve] otk 7122l F3) g2 1SO 112709] Annex.
AS st ?‘“ sk om, LKSF 37 FSRAS] A|ojo] o5& AW R7] 9fate] 4daPateFo] 250m ol A
80km/he| 22 FHsh= A FASAT AFAFS AEd ol ARt 7|0 E 2% FH 2

detAl =™, 13 o]Fo] A8 AgFe FFSA Hrth <Fig. 3> AP Aug| 9] Aot} AL E e
ZE AWRY ¢ 5% 7HE AR EX £59] 100kmhE AYH 0B FFE AL B 4 rt 514
15% o] Fof AdPxpFae] FriAg 7t S8 AP £521 80kmhE ZFEETF HAHM &
FiARZE AR EA Aot sl AEE el 9 Aol tig 1FE AAFATE T3l 3 HAHKim et
al., 2017).

=2

SAE Level 3 AH8FAAEAE 24 24 o)30] £AAGIA AAAL ol Halo} Bt ey AnE E
A 2Ae LAANA Yok v LA AAAL oL w7ho] e FE AT F glojof @
o 2 £AA Aol bs o] FRalok BT B mgolAE o|d@ 1A Ao) sy Aen A
2 B7} PEe A7 s

A9 ABAAE BT 150262622 Part.3
] 2 237k Ao} TheAeltt Ao M &
*&Zdzi XMQ F M‘% =2 3244 FAs gEL =3 g 2HEZE AHEE

2.

rulru

$ad
bk

bl o

}7

}\

o

dlo
:_4 0_|.,

)
HE N

Ol-

94 RAITSYR|=ET M18F, M12(2019H 22)



SAE Level 3 AH2FAALS At UF oMy HEX gt dhy I Lo

] ' -
Normal Driving is Faul

et
i
re
-

.

Warning&

Controllability

2
&
Driver Take Over

i
Minimum Controllability i T
| 1
i i
] 1
Warning Time i TakeOverTime i
P Orderofms i Orderofs i Time
@ ® ©) ®

<Fig. 4> Concept of Failure Safety Evaluation

1) L =3 o8
g AL <Fig. 4>llA OHol siFste Feltt. o W AeFPAea= A1 2HEd S (0DD,
Operation Design Domain)ol] 10.™ 17%o] WA gdeth § ASFIASA7E A5FAE oA &
AL EF age] WS Fton® Ao rhsAde vl EoH Aojd ofHe EAlgle] T

-

of

2) 1A ShA At

S &8 <Fig. 4>0l4 @uoll sidshs ddolth 1 LA o FHH A thFo] s H 7] 7t
A= Ao} 7hsdol BolAA Hrt 919] <Fig. 3>ollA= BolA= 712717k 12 2 2 dH o, A
ZE OEMEER 52 14o] W% HEXUEMIA, ECU, dFollol8)el me} 22t 32 92 Edo] 9
= ok TRV EojA= 71er® 22k 4 vk W OEMOlAM 1Ak o & ZdstA] sk
A, B gkd thHo] PAH o FREA e Aol Aol ThsAol A% "o He] AojH
< old B4 3 4ol A T 4 Ik B AolHL o ay] o] ol Anl wAste] LHAE A
Ae e+ o
3 TXOLK CHA SXE 0|2 AbSl

A AR <Fig. 4>ollM @mlel sigshe ot A% o] Fasta A A FaE 57

Xl
Aot 4 ol Asiolol dl. 3 20 gL 2 B4 Hslon duel 4 Ygens
s sheth s 3w 4%l A9 1 BnE B3 AojAe

> 30
o

AA Dk, 3§ B TA%bA thHo] Q)
0 @ 7172 oAAY B e 4
Aoz Fo| yi5sdets 1ol BASH T

2o o
&
)
e,

4) Mo{# o|X o|F A&t
Y 4R <Fig 404 @A) NG FIolth TP AL 53 b ek Y A5l F
She geletd SAAE Aol oK AFA gtk A, YAV} B AT T Al A4

Vol.18 No.1(2019. 2) The Journal of The Korea Institute of Intelligent Transport Systems 95



I'_>.‘.

N ME goh we o) Bet o

o oo™

SAE Level 3 Al RS Ate 1Z of

W A= AoJHE o] Wol dld 9 A4S I Ftoof gt o] & Yl A&FIAEAE TF ]
% E4 A7K(Take Over Time) 5t H4& 7158 A5k Ao]A o|A-L 8] HAa3e] Ao 7154 (Minimum
Controllability) & 4 3lofqt ). & HA$ AT F 715d 238 WSS e oA £33+ Ao

AL o7l Wolok Aol ol o|Fo| HYH Faho] Fhs3let.

il

of

2. 1% oMY MEH "Il XE &

B EoA AQkeks B7h A4S TSkl 14 QNS Ao B daAE <Fg 49 x
29 y%E BUH T 4 dolok Bek x39l B AR oln] FE} Hol Aoch yEel B3 L4
Aol oA 59, SUE, &% Fol mebA DA HEe AP sk 2L uS ojee AL Aok w
B B EEAE Aol A e Ao BAY & b e 1T 9o, 1 A FU I A
2EER AR Aol Ve Ao BUF 4 It 71 AEE he} o] AT,

(Table 3) Evaluation Index of Fail Safety

Quantitative Evaluation Index
y-Axis Index x-Axis Index
Longitudinal System Long. Speed
Long. Acc.
(FSRA) . .
Relative Distance Warning Time
Lateral Offset Take Over Time
Lateral System .
(LKS) Drift Angle
Lateral Acc.
OEM1 OEM2

Drlerd(e
Needs Less Driver Input
Controllability
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<Fig. 6> Simulation Results of Driver Model (Step Test) <Fig. 7> Simulation Results of Driver Model (Weave Test)
<Table 4> Average value of the parameters by driving experience.
Ty Ty K w, ¢
Novice 0.245 0.077 1.18 19.08 0.52
Normal 0.232 0.069 1.036 19.41 0.57
Expert 0.233 0.055 1 20.15 0.58
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(Table b) Evaluation criteria of Failure Safety

Longitudinal System (FSRA) Lateral System (LKS)
Warning Time Under 500 ms Warning Time Under 100 ms
x-Axis Index
Take Over Time Over 5 s Take Over Time Over 5 s
Long. Speed Under 70 km/h Lateral Offset Under 1.8 m
y-Axis Index Long. Acc. Under +0.3 g Drift Angle Under 5 deg
Relative Distance Over 30 m Lat. Acc Under +0.3 g
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