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ABSTRACT

Regulation for the testing and operation of automated vehicles on public roadways has been recently
developed all over the world. For example, the licensing standards and the evaluation technology for
automated vehicles have been proposed in California, Nevada and EU. But specific safety evaluation
scenarios for automated vehicles have not been proposed yet. This paper presents safety evaluation
scenarios for extraordinary service permission of automated vehicles on highways. A total of seven
scenarios are selected in consideration of safety priority and real traffic situation. Six scenarios are
relevant with lane keeping and one scenario is relevant with lane change. All scenarios are developed based
on existing ADAS evaluation scenarios and repeated simulation of automated vehicle algorithm. Safety
evaluation factors as well as scenarios are developed. The safety factors are based on existing ADAS ISO
requirements, ADAS safety factors and current traffic regulations. For the scenarios, a hunter vehicle is
needed in addition to automated vehicle evaluated. The hunter vehicle performs multiple roles like preceding
vehicle, cut—in vehicle and so on. The hunter vehicle is also automated vehicle equipped with high performance
GPS, radar and Lidar. All the scenarios can be implemented by driving a lap on a KATRI ITS test track.
These scenarios and safety evaluation factors are investigated via both a computer simulation and an
experimental vehicle test on the test track. The experimental vehicle test was conducted with two automated
vehicles, which are the evaluated vehicle and the hunter vehicle.

M E o ool AEAE BAs HAk o2 Al
2 A 2 mFAb W WEst 345 S7H
AEAE Q0] b} 3 W UE ms}z g9lom, ol 1, 54 A9 &2 9 AkgY vl
FHow FrkEle], feldets VEoRy bt g1 AES $7FE oMIsiHh
AER} AFILO) 90%E AR FERLFo 7 015 2
* Aztieta AT E e Z0]o]| 7118t} MM BAIL o] g3 S Mate] 917 W
o WEPAFE e 9] o)) 73 #7e Abdo] Beste] LA WA

E—-mail : gmdtjr@snu.ac.kr

6 NSKAHMESTMIA, M1E, pp. 6~12, 2017(=2F 2L 2016.10.21, JAIZZ YA 2017.03.13, AMEH LI 2017.03.13)



r\(

FS AZIAY Aol Ak Al 55 S
Siehd o] 3k AFLE ARAZA & Aol o]l w
A AA A A QAL Al Bagxie] b
= 3 thoFst 274k 219 Alo] AlAE (Advanced
Driver Assistance System)E©°] 7% 3 FAFE7] Al
Zapgict, 3 P AR A Alo] A|AF ] T3 A
o] Al2E AT O yolrh AsAt 71w ] TEAR &
$ol Ag 8 A el Pz gy ?

AA ZHAA AA&T8 Asake] A =38 2 Wt
£ et Qlet. Htel =, 21k, off-t], BMW,
tele -z so] Rk B2 /‘o"’ﬂ/ﬂﬂ &8 A5t
T Arsta glod, ZHExy ol Fut vnirt
2 AR Ao ST At AP &3
FAA o R wFsta Yok UM 2014
Adaptive?hz AT 71 7]E T2 AE AT
12+s13 31‘4' A3 ST AsAk AP &3

7 S AollA F8eA d AT
de é 74101] o gt ldr%% vjn)ahch ) whaba
Yol QlojA Ay
1 %‘“"ﬂ "44'?} QFAA EE ol & &2l &
7} #jto]l Q5= A3oltt.
s AT AsAke] A ST flgt <
d B7F At 29k 17t & AAsH AL gk X
T3 7\}%747} X}EX} 24% TZoA ks 23E]
4 3} lo}h /‘]L}F/]EE Zﬂ Fehe} &

I
kas

Jov g& ol

Hﬂﬂ>-r15ﬂk,9u9t

rlr fio of

K —(N
% 3
N
_}l_‘ EI
H‘I
ﬂllﬂl
;N
o2
o(‘

T 2~ o
P49l

fr 32 24 X | o L (B N >
™

or_‘d

Asto] AR B s B PREE FYSSI

2.0 24 7|l 44

H=2o) tiakel AEat AR eA Y AT A
b= 78 ADAS 2.2 7]%:91 ACC, AEB, 12]31 LKAS
o] T Alagoth wpebA A& B 2 A
o] kA 78 7)%9) ADAS Al2~819] 71E A B2t +f
g AR

2.1. M8¥ 2% Mo Fxl (ACC)

ISOA +7d3ka 3= ACC A5 7
A A e, A% A% A s, 2ol 3
A A8 Y502 TAH] vk AU QX é
5 W7k 2% ool A 5@ A ATE Frke
oh A% A A8 % Prhe ARl ARt o

di
=
A

_V‘i,r>.
X o O

m—r>~_1>4

ArSAHotE S X HOA, M1s, 2017

el ERSHE 27k A8 Ao QAo Prhe
oh. ol B40) Mol £ A%, THE A4
e 9914 A Sk P FEHA BFHE d
Eolth, FHE A A A AF Bk Sz
A ARG g PAA A7 o e
& FARCIN Y Aol BEPS W) AR ABE
H7heipgolet.”

2.2. Xls 7212 Hs AIAHI(AEBS)

Euro NCAPeIA 11738kaL 3l AEBS A5 H7h= City
9} Inter—Urban 7 7F4] 492 YrolXitt. City Alue]
99 A4S Apx}pek %E_ 10~50km/h g3l thal] =] e}
Aol it AEBS A5 371 v51L At} Inter—Urban
Al 2.9 A4, 7\}%}%} 4% 30~80km/h Gl il
A M, olF B, 74 ERllel tist AEBS 35 H7t
Z th2 ek ? 1S00lA g8k 9 AEBS A% 3
7= 2714 HIAE AU 97 Sk, sk A At
ol dist 14 HEo 2 At $%7} Okm/hol 3L
A 7] 4 57F 80km/h, A A} 27] AFEA
g7} 120ml Z-f-olth F WAE A A&k gt
1% Jo 7 A £5= 30km/h, AR 2714

E¥ 80kmv/h, AatFate] 27 AHHAE = 120me] 7
f-oltt, HIAE Aug] e edlA Frhsks 718k v
I A2t As7 5 A 1.4% odel 1) o) A
AlE, 0.8% o] el 27] o8] A1E AlF, A
A IOkm/hO]/‘c}" 27k TTC 3% oAl 713A4%
o] WAEkA] o5 A o] 2UE9] WA RS Frlei)
23. A QK| HZE A|AHI(LKAS)

IS0 1+ 3 LKAS A% H7k= 9k 800m2] =F
A 7 A 72km/h~108km/he] S5 WY YeollA 71

=, LKAS 4% %] 58 %7tk NHTSAA 4%
AFe) 2.8) 739 72Vl A] ks Akl disl 0.6m/s
OVye] HYF SEAARE A4 o] WA A5 £
9 Ho) 2 A5 HAES XA
3. XM |A AlL2I2 I oA BIIS
Aga Ae] FAE A AN 44, A4 WA
2 o]0l Gtk A A7 SR Bl&S A3
o= A 449 H5S B e eE F 57



AEA - g ol
2 oklg} 2ol AL, ALkl et ohlet Aluke]
2olA) BAHE Y B4 eIt B
B B3 QALY 7k 1EeA AT ek A
20 8 H7hQ A e kel 2ANE 71 ADAS &

& 71% T4 9 ARFY ABolHel sk, O

3.1, KIRMA ch=el

A AP ) o3 B7KsH= Akl golch ek %7t
G A HA, S, DU M, TP Kol

Fig. 1 Test scenario No. 3.1

3.2. Ktk Frl|=

& 9ol 3.1 AE 2 old At
CoebA] A4 AR oL Ale

2
o

4 4%

o
=]
oX
+

Fig. 3 Test scenario No. 3.3
3.4. Cut-outx|2} ST

Cut—out 2} EH Zg) o N xjgko] o o7 i}
A WA o )L Hrkshe Aue 9ol A 2Eks
FEottt 3 Apako] whd A9, AT akgo] 7]t,1
o 3 AR S 5sh=A] Bkt kA Frr s
< A FA, S N 7SR, ARE 7lg]olth

Fig. 4 Test scenario No. 3.4

3.5. Cut-inXxlzf CfSF=3H

Cut—inxbg df-5--38-2 ko] 2pego] 7]oj == st
7k Alckel2eleh Ha A%l Cu-indiedel
O-&-3l A kA wk-g-sh=A] stk kA 7 &

O
%o AR 47, TRE EE, Ak Aol

mlo

JET
11

Fig. 5 Test scenario No. 3.5

ArSAotEsta X HMoA, 1=, 2017



ST oA

3.6. A FAl AlLt2|22] MY HIteA

Z 5709 A A AuE] Lol ZH2) B7bslof st
Qb 7o) EA3IT) Table 10 84 371 @
28t SAZE lTh A fAE BE AU LA 37}
o}% %%gi iW FM A offsets THR A4 F
2 MEEEE A7)
F 74 EE IS071E8

=
S

b ALEIR e R AT

A A O A9 QAL AN WS & Wl =
T A AF A JFOZRE A4 WA A
£ B0

4.2. XM BHA AlL2|22] MMM THIIRA

4.2.1. AEB &30{&

&
[}
DA gt ARAF fA ok sk # 4 AR A B Ao AMgE FEARAS 7N AEB daglE
£ 15099 24 deleE /MeE AYSALY o A% ot A4&FY AT A WA AAES
PRsHs T G%o] Bk A WA A 5 P 2
Table 1 Design specifications omars 12000 -2 2 WA ekde] T2 AEYOFE e A=
e T — AEB 25 o3 244 w7 9hA Wokese) @ 4 9)
(e} = (e} [e) e
e oh AEB7} A5 67 Al A4 WA 7))
AAFA | offset 2HA {A | AR Wl A4 - s P .
2A7E ek R 5 gk, AT Aol A4
T | Wb Onlh |WEEE TR ) e Afee) AEBZE AF 54 90 F3}] 1 ABB
T MEL| Bm/sP<Ax<2m/s® | 1SO 715 (ACC) 7} AEEE 23 Adck
kel TS |[4y|<3m/s® 1SO 715 (LKAS)
kA 2 C<2m A4} Data - Gl
Am?;m :Z:}ucle @_ : ._/N H .
= — ’k\ e Crashed Vehicle
4, A HE AlLi2|2 F oMY "HIIRQA Evtuning) QD > D e e
B oA oF oA et 44 94 Albel e 9] Fig. 7 AEB activation or inactivation
o A A S AR Akl 9 B g A _
a0 ot TEUTT 422 MRxigCREE A
PN
4.1, XM HA ALl A Ao wRE Agle AeFY o] Aol 4
A ke 35S BRET 44 WA AWeE A
o - 715 = 3
_E_ l\_'f‘Eoﬂ}\i 7}]@,@} Z]_o zgg Z]—»';—f(]- f(]-}ﬂ tﬂ?ﬂ %]7]_ = ]’]'E]'LHE‘ ?l';ﬂ/\cj ‘57]'?%%0] Lﬂl?‘ 7<7ﬂ 7(]'}1\:]. %‘.73
o ]Eé o] :qmg] xﬂx] ‘}F/l:;ﬂr %Eg,]z‘ﬂo] ooz A
Auel o= Fig 63 2o} A AL gy 4 L oo TET GG S RT Y DS S
g AAzel ol 3 A4 el Basic
2E0 4 WII2 vk gAbx}EkolTh w7kl o] x}EES- § o= mE T e =0
(¢} - o1 U = = =) _ o 3 _ 1
B Ao e A WA AUE 08 ToEuA AeF AT Aol Abd MRS T o, A WA A
¢} hus -
e S o maen  AHOIFL ARG B A FE A3l A2 W,
Y Al Brbeke Abgelth AH AR V1A o' . . s
oo 5 oo ot 2F 2402 AT F Ut 2w Ads 4 D)
ABFA AT 48R 7 Aol BAACOA AF L E LI et 1 i
75 A% A28l (AEB)o] AtE]o] olt}, 2= Ae] 2}ek ‘;711;11 L]Z&];Lj el Rk | A oA 2 WA
& ARl Sl Aow Ang s AAE Ay ¢ oo W
& AL F A eI AT Aeo] A
dﬁ_= 21 v,,, (Last point to steer)
a‘/
R — = Sy =1.9m (vehicle width)
Aulon:aledn :;ehicle T~ ™ (i)
— . %’ Crmg”’eh"fb ay =2m/ s* (emergency lateral acceleration)

Under Construction

vatunng. LD~ —»{]
Fig. 6 Test scenario No. 4.1

ArSAHotE S X HOA, M1s, 2017

ey

Vit = Vego — Vyop (relative velocity)



Aummaud Vehicle Distance Sensing!

(Evaluated)

—{L 1

¥ Crashed Vehicle
e
ST or

Hunter Vehicle
(Evaluating)

Under Construction

Fig. 8 Distance from stopped vehicle
=
o

5. AlLiE[2 7 R A

5.1.

—_

DEF3|Z Jjut ALzl T
R R AT B9 B} Aelos
54 570, 2 WA 1R & 670tk AHeF
3 3712 93 AU Q2 e ukEA
AsA 6719 Atel o2 BE rask,
AT 1455 25 o] 4314 Fig. 103
A Avele g Baesh 43 Ede 679
IA etk $AE 97} e AsTe e
shat= AE Aol 7 Aukele b 91,
st ueba 199 48 EW 9B 3
6719) AHg5e ehad Hoh Aluel s e 5
Atk Al e FEAE B e A48T At 3
Mg ST kel 9 & FHsHE AE] A%, 5 20)e)
A3 Aol Apgdt,

(

2 rl.g;

]_

>
or~{o

O 18 ox
=55

R

it o o ow

krt
12 of o) m (m

N
-

o

HU Om

o m
rulo

O

.
R = 360,

ERR:E RS

amaE - 34 Cutout IS 58

Fig. 10 High speed circuit based implementation scenarios

5.2. BIF| XI2Fd R
= oM e AREEE /b4 7 Al e

10

HE

% }%—?Bg A 9ol B7HE =

= HE AR v o dest
o] et Hag 7l 9
OHH e 74"&01] AHEFE AFS ARSI AR
AEFE AR Fig. 113} 2ok 9 874 A E 98
72}, Radar, Lidar7F AR5 e}, Zhe2hzs 44l <14,
Radar= 24 14, Lidars ZellEas X3 14#
HEE v F5FH 9 AutoboxE ©]-&3A Ak 4
S Aol AAsta 2%, 7S Aol Bl A

TS k. FH Aels nEFIR VIR A e
TEE S8l e gagsel o ol Al vk
aees @GN 1y

— o = o
Around View Vision Sensor i ﬂ e g
M Camera ( Mobil : €2-170) Low-cost GPS MicroAutobox
Computer
Front Radar
( Delphi : 77GHz ) '

Rear-side Radar
(Delphi, 24GHz)

@

' £~'

LIDAR (IBED) E

Acceleration Controller Motor Driven Power Steering

Fig. 11 Configuration of hunter vehicle (evaluating vehicle)

5.3. Axt Ael 7|8 AlLiZ|2 A
= oM AR AluE] 2

af A 2 ﬁlioﬂ/‘i “Z}

3 AFFS o) & oH*i X‘BEOWE} SRS /\Mﬂl °=4
o2 FYQ 3.2, 3.5A YL AA AE o
o] A8

Fig 127 3.2 AAFH Ave] e A} dlolgolrt. (
Ay ApgFe] &Hof gHA 7} ko] 7H3t
< E gtk (b) (©F &3l A H7
of FaatA FWEF &R, A A7t A H
& 7 Stk

Fig. 132 3.5 Cut—inzx th-3-F3 Al e 2. AA} 9
olgo|t}. ()& R AH 2H0] 60~80%°l Cut—ins

ol
0

o o

e

oo rE

ols

}_

s AS & 5 9a ole] wek () F o Bk Aol
A AL B 5 A ©, @F B9 A B
Q] RHI TR M, A A A5
A% B 5

ArSAotEsta X HMoA, 1=, 2017



Weloeity [kph]

Clearance [m

s

Long Accel [’

A
njo
I
o
roe

40
%30 — Test
= Hunter
.é‘zoh;‘\
S, NN —
>
00 100 200 300 400 500 600
Time [s]
(a) Velocity
— 2
e —— Test
E 0 ff“‘/\ A M H:jmer
a,
i, \& \)J \W
j=
gLV
0 100 200 300 400 500 600
Time [s]
(b) Longitudinal Acceleration
25
En 0\
2 \
% 15
g 0 N~
&
50 100 200 300 400 500 600
Time [sec]
(c) Clearance
Fig. 12 Vehicle test results of 3.2 Scenario
15
“‘E Test
e ! / ‘—\ | —— Hunter
T 05
g U,/A_ Ny I e R Wy
E \._]
-U'EU 20 40 60 80 100 120 140 160 180

Time [s]

(a) Lateral Acceleration

Cut-in

0 20 40 3 80 100 120 140 180 180
Time [s]

(b) Velocity

. i i i
0 20 0 60 0 100 120 40 160 180
Time [5]

—

c) Longitudinal Acceleration

b
=]
T
L
L
]
I

=]

o

H : : H
a 20 40 60 80 100 120 140 180 180
Time [sec]

(d) Clearance

Fig. 13 Vehicle test results of 3.5 Scenario

At S X M9, M1=, 2017

Hg B2t AlLiEl2 e & 48

=

6.2 &

2 ATl g A A 7 Ss
BF7F AU 2. sl H7t A]L}Fﬂﬁb A 2
B2 W 2 WA Ave 9w AR A 94 570, 2}
A WA IR F 6719 AU 0.F skl 7k Aluke]
2 W ek HFEES skt B Ee] 9 of
B2 B3l Aldel e 34 55 etk st Ay
2 g JEES AEFq o N 24 71+ ADAS
9 7& 1 W AEF A AlEH ol 7kttt

 =woll A et ST kA HUE AU eE
B7ke) HhEA 9l A S SlsliA 6719 AlvEl s
3 TGl 9 EdQl wEskdyd 15 TIES
18814 6719 Alve] 2 A S wlAERlch A=
7F v ARg T Al 3Uhe Telae dE Ak
ZF AdE e ' 2 91A], 93 58 1kl AluE
2 Tl b e AT A2 Frhs Toal
Aueles Tasks FE A, % 2o)e) AaFY A%
o] ALGHET A A& ebds Hrk Aluel e Y
ﬁﬂﬂaﬂﬂ AL AT 3l uETIRelA A

o
M

e

O

B AGeE 2EPER U 2E g ENShy]| ez 590
A1) 2] 9 (16PTSI-C054118-08) 7 201613 BK21Z
22~ AF 3 the Institute of Advanced Machines and

Design(IAMD), Seoul National University®l 2Js}o] 4=
el A,

L]

l]

(1) Kyong—Su Yi, 2014, “Vehicle Dynamics Control
Applications to Automobiles: Survey and Some

11



A

ot

M. M2
=1 ' oo

Oloh

New Trends”, Journal of Institute of Control,
Robotics and Systems, Vol. 20, No. 3, pp. 298~
312.

Bengler, K., Dietmayer, K., Farber, B., Maurer, M,
Stiller, C., and Winner, H., 2014, “Three decades
of driver assistance systems: review and future
perspectives’, IEEE Intelligent Transportation
Systems Magazine, Vol. 6, No. 4, pp. 6~22.
California Department of Motor Vehicles, Adopted
Regulations for Testing of Autonomous Vehicles
by Manufacturers, 2014.

Nevada Department of Motor Vehicles, Autonomous
Vehicle Testing License, 2013.

Felix Fahrenkrog, 2014, “Evaluation of automated
driving functions”, ITS Europe.

1SO, ISO 15622 Intelligent transport systems —
adaptive cruise systems — performance require —
ments and test procedures, 2010.

0[G4 Ay

rH

YERS

(7) Euro NCAP, Euro NCAP AEB Test Protocol, 2013.
(8) ISO, ISO 11270 Intelligent transport systems —

lane keeping assistance systems — performance
requirements and test procedures, 2014.
Yonghwan Jeong, 2015, An evaluation scenario
of safety performance for extraordinary service
permission of autonomous vehicle, KASA Spring
Conference Proceedings.

Moon, Seungwuk, and Kyongsu Yi, “Human driving
data—based design of a vehicle adaptive cruise
control algorithm’, Vehicle System Dynamics 46.8
(2008): 661-690.

AEA, et al, “AEFH AsAt YAEH M
HEP b s 7 AL, St E Ak et

=3 24.5 (2016): 495-503.

H?m et al., 2015, ‘A3 Ak A4 WA 3
7E AL A, gigr|AEtE] Y 7054 7
g s

ArSAotEsta X HMoA, 1=, 2017





