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ABSTRACT

As automotive industry develops, the demand for increasing traffic safety is growing. Lots of researches about

vehicle convenience and safety technology have been implemented. Now, the autonomous driving test is being

conducted all over the world, and the autonomous driving regulations are also being developed. Autonomous

vehicles are being commercialized, but autonomous vehicle safety has not been guaranteed yet. This paper

presents scenarios that assess the safety of autonomous vehicles by identifying the minimum requirements to

ensure safety for a variety of situations on highway. In assessing driving safety, seven scenarios were totally

selected. Seven scenarios were related to lane keeping and lane change performance in certain situations. These

scenarios were verified by analyzing the driving data acquired through actual vehicle driving. Data analysis was

implemented via computer simulation. These scenarios are developed based on existing ADAS evaluation and

simulation of autonomous vehicle algorithm. Also Safety evaluation factors are developed based on ISO

requirements, other papers and the current traffic regulations.

XFEWP 53 WA, Asak b Aol o gt
T8l S7F aligkeh 1 S elA g w2
zo] M AL, A& A o oW Adstelt), 314
w2 A Al s B9 Qlo] wAsta gk

s A AAACE T8 AL A 5

& AbEe
Sz thEs 3 Qe 51, FEATE B At

* Mgt 7| AE g
sk ﬁio]-xi_x_r/]- Z]_E;(]_O ﬁ

il

E—mail : gudgh30@snu.ac.kr

ASXrMSSI R M9, R4S, pp. 7~13, 2017(=2& =LA 2017.05.26, AAEL X} 2017.12.01

2

| ddste] SAAE B Eehd, olYd AtuEs
A 7 ols Alolth olo] wet A AAl A AF 4
S 2R AT HeE HE +AA A Al
2Bl (Advanced Driver Assistance system)< 7§t
1 el gty volrh TRkt A AlAHlE Seel
T3 Alo] AAE AL A gt %
dol A-&53 A 7H%}°ﬂ‘: 8 21

2wy
o
r—{o

>

]_

ols

I} 2]

30 (2t
9

to rir

& s, i]"%k’é
olx %@7477}7(] Fet= A a
A& sk ATE H [T719 =8 7=

, ATHEE LI 2017.12.12)



a3
Hode ol
M2 o
= o 2
N [0 &
B

H

|

I

=2
)
ozt

¢

N
(o
do
U
N
u:EZ
5‘.:
J?L‘
o
o{-J
offt
o
fu

. olele ATES
o] ohet AHEFY AHEA Al
AP Ejo} Fu} v}

A5y A5} A
119t e @Y g
Aghol glojA wAy & S’l” olg] 7}x
of tiste] S ST = glETlel
eieh ) wap AgFe AEAT A ER
ol QlolA WA 5 e ofe] Aol da
B oRE gl 8 & gl B} uelo] &F

o 2 ot o o
=
30

FIF_EL

o
=3

oo x|
oh

¥
I
o

N

15

[o
[o}

olX
rlo

Au

mnir;’h}mmiéizr{&o%—p’mi;:mlo

[e

)

J:i;' et

-

[
O

VP“ =2y

wRE AETY AR YNEY HE S
X 57k Altel 0.0 BAGES ANl e
Fa) AEA Exeld] st $ae) 9le
9 248 sk, 2 Avel e Ww Brlslo}
e AR AN B o 5
% @t 193 Ao 2 A
3ol B7} At

2

TN e B N O
112
>
o

N
fo o mu P o
i e

o ki@ bt
lo 2 my 2 B
W O A

N
Sott
Fu
N
e

[e]
Fu
>
fto
N
o2
_);j_:‘
2

Iy
l‘; HO ot
’ 2 N
oﬁ 2

Wi
Al

MﬂliOﬂ e ?t = EOlE}
o] A SA9E nHsiA Fig.13 2ol A
EAE AR nEFHRE F4AH0] EAT
123141 WS- wE Aao] gelt Trho R AT
o] 2 Was} EAs) wEbA 1,2 2= AMEEE] &
T 344%E g,

Avkel o ek ohuet Alukel 9ol M BHE A
Bk eaE AT W} 048 FH PAes

s N B A=
S >~
EE

7kl 71 Aele W Hrte

O::

Fig. 1

DEF8|Z |4k KM
ALt e

A, A HE AEFd

Table 1 modified Assessment Factor

A Alue] 2

@ Z7144%

) AR A 3

® AT AYAGE FF T
A A @ Cut—out 2 -8 +3

AT AR G55

© AT AR F 5T

@ Cut—in 2= th-$ 3
A7 ® A WA

2 7P ool A ZALS 4 ADAS 2471% 4 @
A 79 Algelol el 7k,
21, X SAl AlLIZI2 o ORIN Bt 312
Apga) Ajee] S 2 AAFA, A4 w0
2 olFolA Itk AAFATE T FAA B HFL
AASERIH) Akl s 6719 A 4 Akl
251 149 A W7 A o olFolA Stk
2.1.1. KK MR
A BATFE ELTFIE FAAD A2 (TIA)
5E BrksH A oot of b kel A
Aol 3 4RE FHRR Sl A2 Aol o

o ohe & thgshen] Bk
GG AAGA, P

v} 32 Fig. 29 2t

ASAtEStS X H9A, M4s, 2017



Fig. 2 Rtxt F&| = (scenario 1)

FAT AY A FF FRS A 54 B o}

Ueb At Qs §AE Bk A

ofet. el BAGEL AN A, PIF AT, F
. _ .

2.1.3. Cut-out X2 i F34

Cut—outA}% th$F8L Fig. 4 A A8 zjeo)

Ao A WAE W geS Hrkete AldE e

olth. e AE FFaith AW Aol wd A, A
£330 2}2ko] V)

7ystth, orA A HIekE

Fig. 4 Cut—outXt ths Z™(scenario 3)

ASAtEStS X H9A, M4s, 2017

2 o1$01x1uw A e 9
o]

2.1.5. Cut-in A& S =3

Cut—in#} o o]
EE %S grlete Aldg ol AHEFE Apeko)
Cut—inzxteke] tf-S3slA QFdstA wkSsl=A H71sk
o} kA b FES 2 (A4, FEE MEE, F

ST FighA e 29 o] 7]

2.1.6. 2k FX| AUZ|L MY FIle4

Table 19 6709 24 &2 AJUa] Qo4 H7} o}
dhs B9 71l Uik AN FA7F S

A frAE B AdEedlM Brkeke @EoR A

Fig. 6 Cut—in X& i3 F(scenario 7)



UYE A

Table 1 Safety Assessment Factor

BV B7H & A
A | BSEE offset A FA| A W HA4
e 50km/h < Vx TEET
o <110km/h FYET

U A | -asmisAsams | O
A 7HET | —3m/sKAy<8m/s? [ 1SO 715 (ACC)
22 Az Clearance 74} Data

Hhe] AU offsetS AR A §A% B,
S5 guo £ LT FRSES FOE
AR AT ST, FRF ASEE 150 71F
& 2A% ARSI M Ak §H8of sk 4
& AR AYE $AA HolEE Ao A4 sof
i},

22 XM W ALl % ORIN T} B2

702 Ayl 2 Foll 6712 AHAHFAE A Q]S 2hA
W AUg 9 otk A WA Ay e w3k 99 3
VEA AR 7S fAsa, I 99 FU1 4
ol 2 W7 ok Hrke 4l EAS

N
N

. A HA AILR|L

J

2
:

22
o,

Aue] @ Fig. 73} 2tk sk A

o], HoA 2o apd WA Aluke] e

E] xpgolth, 22 22k AlRR 9
cd [e)

o
N
0%
N
ot

o
@
Ne

s rir

o bl
i
>

T2 E

Il
o
o o
lo
o =

2 1o

heici)
o

2 o 3L o w24
ot
K
2L
oL

(&
oM, 5
r_?(_zl

2
(L
ki
rulm
ol
N
N
)
T
8

Test Vehicle

o Ay
=l L

or
Deceleration!. nder C ¢

Hunter Vehicle
Fig. 7 xid 4 = (scenario 4)

e =

Automated Vehicle e Distance Sensing! bl =
(Evaluated) D @:\“ —‘—S(IJZID
5 - .
4
Hnier Vehicle ey et =
Evanating) Ll Ul L T

Fig. 8 X% ZXHO= IE 4 Ut 2

10

222 X HF AlLI2|2 QMY It 24

A w7 Al elA) HAA Bk AT F 1A
A WA B st
Z

28,
d, = |—=-V, (Last point to steer)
a
¥y

S, =1.9m (Vehicle width)

a, =2m/ s*(Emergency lateral acceleration) @
A FE FFe Vol AF Hojglth

3. AUz AT

AR A D WA S 5 Qe T Ak
£ P sl A% AU o dolEE 47
spol AR T 7 Alutel e 8 Wt GBS Sk

wW
mn
1

43
0%
e
2
0x
()]
N
oY
o4

Ax(mfs?)

r||1|||

b

5 ‘ ‘

0 1 2 3 4 5 6
Time(100msec) 104

Fig. 9 £ %8 93 Jise

ASAtEStS X H9A, M4s, 2017



FAOOIH J|gt XEFY obd

2 Wl Eusr 7}—25% AA A 2 ZISO(LKAS) oA
< 2.0m/s? 7]&e] -3 srta

2k 7}‘*‘ Lot Fig.looﬂ/ﬂ B3 IS0 ek 71591
—3m/s? < Ax < 3m/s?ell £ s RS = 5 Ak

A& A2k 39 clearancex x}#9 radar sensor,
lidar sensorg 3l ST s GAY AAF S5
o we} plotalith Time gap< clearances AA}&
£528 Uir #t(sec) s Yuldith At Lo st
?Hd parameterebil & 4 Itk A AF FF F3
Wk 7145 w3k Fig 1194 B 1SOlA A
9l —3.5m/s? < Ax < 2.0m/s? o eHgH o7 4
Tl 2 5 ok 28 PR ISONAM AAF 712

-

oz

F

rQL'_l
ot N

o N o

0.5

05

Fig. 10 &5 Fd 24g /15

Following

Axmis?)

0 0.5 1 15 2 25
Time(100msec) «10*

Fig. 11 M3 iz £3 78 33 714s

ASAtEStS X H9A, M4s, 2017

B AUEI2 e H AT

Clearance(m)

] 5 10 15 20 25 30 35
Velocity(m/s)

Fig. 12 (& X F& Fd XAF £x2t AZH A2 (2l A

o
s

éi

6 Z H2A time gap< 0.60)2F
‘% g ? St FF abFelA 0.63 ©1439] time gap
ol A &of digh kg R 4 Qlriu
& &tk 4 AR s tmE 919t

33. Cut-in X2 ChS =3 Ty} AS

Fig. 13& Rd Cut—in 2 o5 34, (b)el
A B FE 2] cut—ing 3= Fol, (@)olA B
b HAE b Hoh 72l B AH S Al
7 Atk F W kSR w3 SO A 7]

A71E A - vk

1O It
re o 055
I iz

o of)
il

o
=

34. MM W M8 T8 Bt AZ

&)
3
—_
=
rir
ot
o
R0
ol
A
HU
R0
2o
E
o,
o
o,

v}
—
&1
D
=
53
o
D
o
=
oy
jon}
(@]
D
N
N
- N
i
il
b
Jju
~ N
Wi
o

B Aol A
S5 A9 ) 2] Sl A Ac

Brhe 28 39l @ 4 otk 3 4% AYE 34 o
Z7h shu ekl Wy B A % 4 ot F
W JMEE T IS0 LKAS/IES 05 A7le 48
2 4 g

Table 25 67F4 4 X Alube] .9}, 1714 2p4
AR Ave s FEeto] ek b Auele W ek

11



30p

. /—/
e —

10 | ! L 1 L J

P [m]
;l'
A

Time(sec)
(a)Longitudinal clearance

P Im]
<

-

I|

E

Time(sec)
(b)Lateral clearance

YBS HEH - 0Z4 - 01Z4
Table 2 modified Assessment Factor
s B A
3)u}3k
Aaga | IO s 44
A
50km/h < Vx _
&% TEER FPSE
N <110kmvh AFEE 79
W 7ML | —3.5m/s2<Ax<2m/s? | ISO 715 (LKAS)
Aue 7M4E | —3m/siKAy<3m/s? | ISO 7]¥ (ACC)
3 Az Clearance>5m $A2} Data
Time gap Time gap>0.6 +#2} Data
H7h ANES 1 2AEEL AX stk A 74 vl

Ax [mss ?]

Time [sec]
(c)Longitudinal Acceleration

—

Fig. 13 Cut—inAtZ LS &%

Time(sec)
(a)Longitudinal clearance

¥
=

[m]
H 4
g

P

Time(sec)

(b)Lateral clearance

Time(sec)
(c)Velocity
5 -
' === = Safety Criteria(ISO)
Eo
Z
5 1 I 1 1 1 1
0 1 2 3 4 5 8
Time [sec]
(c)Longitudinal Acceleration
Fig. 14 XM HE A 013 &=
12

HE 7Wte s 7} “§7P NEE
Q3 A} el Frt 7|EEo]
5 g eAE & 5 QA9
gap o] F7} H3it.
931 Time gap®l &ol 371 Hled], AAk A
3 FPdolE) S vgro 7 13k A} H A time gap
st 5= ek Time gap©] 0.6sec
ojolw erdaitty &el 8 = 9tk 4 A7t A
42 dlole] 4] A3 SmE FRlE)

able 1%} W]wste] &
71 A5 7]
o, 2kEAE 8} Time

X
.

ol
X
rhu

QATNAE A& T 4B 9

v P
Slg kA B2k A o9 BolEE

= 2 AN
t}. ADAS 7|& 14 I A58 2= dugS AE
dolde Bl 749 Auteled TSI 1 F

o=

67 A Ao Bet Avkel olm, A sk

A WA G Aeeold. el s ol el
g F i}%%l 35 Fuold M WA Fe
Cut—in &2 438 A= & ¢ Jr= 349k

7t Adele We grkeer @ Alge FARoR
A BF] A A obA /\‘]_—-Jﬂ7]__€_ AN T &Y=

7lﬂ+ JW el

g 2 ]
488 opl 98 WIS 3 B FHEL
AFIG AF A0 W NFES B Aol ¥
g

ASAtEStS X H9A, M4s, 2017



ATHIA Y

=

FAOolH J|g xgF

7|

ok

ATE AEPER W ZFEFERTT|ENETY ]

(17TLRP-B117133-02) ¥ 2017 BK21

12 AR AEdieta AU A AT A4 (SNU-
IAMD) ¢] 1] Agdow e A+

2

3

4

o
rek

s

2016, ‘A&
15._/\] 6]—§1.

F8 Asat B SWrle T

Moon, Seungwuk, and Kyongsu Yi, 2008, “Human
driving data—based design of a vehicle adaptive
cruise control algorithm,” Vehicle System Dynamics
Vol. 46, No.8, pp. 661~690.

Yonghwan Jeong, 2015, “An evaluation scenario
of safety performance for extraordinary service
permission of autonomous vehicle, KASA Spring

AHetE SR XHOW, M4S, 2017

®)

(6)

(M

®

9

& oty BT AlLEIR e 2 AT

Conference Proceedings.

Felix Fahrenkrog, 2014, “Evaluation of auto—
” ITS Europe.

“Vehicle Dynamics Control

mated driving functions,
Kyong—Su Yi, 2014,
Applications to Automobiles: Survey and Some
Journal of Institute of Control,
Vol. 20, No.3, pp.

New Trends,”
Robotics and Systems,
298~312.

AZA el al, 2016, “AHETH AFAF 4 /\]—orff“
&7Hs 918 ok As H7F AU L) Stk
2h5 83 =iA, Vol. 24, No.5, pp. 495~503.
Dr. Peter E. Rieth, “Emergency steer & brake assist
— A systematic approach for system integration
of two complementary driver assistance systems,”
Continental AG Germany Paper, Number, 11—-0111
ISO 11270: 2014 (en)Intelligent transport systems
— Lane keeping assistance systems (LKAS) —
Performance requirements and test procedures

13



