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ABSTRACT

The current collision warning and avoidance system(CWAS) is one of the representative

Advanced Driver Assistance Systems (ADAS) that significantly contributes to improve the safety

performance of a vehicle and mitigate the severity of an accident. However, current CWAS mainly

have focused on preventing a forward collision in an uninterrupted flow, and the prevention

performance near intersections and other various types of accident scenarios are not extensively

Received 29 August 2017 studied. In this paper, the safety performance of Vision-Sensor (VS) and Radar-Sensor(RS) - based
Revised 29 September 2017 collision warning systems are evaluated near an intersection area with the data from Naturalistic
Accepted 18 October 2017 Driving Study(NDS) of Second Strategic Highway Research Program(SHRP2). Based on the VS
and RS data, we newly derived sixteen vehicle-to-vehicle accident scenarios near an intersection.
Then, we evaluated the detection performance of VS and RS within the derived scenarios. The
results showed that VS and RS can prevent an accident in limited situations due to their restrained
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field-of-view. With an accident prevention rate of 0.7, VS and RS can prevent an accident in five
and four scenarios, respectively. For an efficient accident prevention, a different system that can
detect vehicles’'movement with longer range than VS and RS is required as well as an algorithm
that can predict the future movement of other vehicles. In order to further improve the safety
performance of CWAS near intersection areas, a communication-based collision warning system
such as integration algorithm of data from infrastructure and in-vehicle sensor shall be developed.

Key words : Intersection Accident, Cooperative Intelligent Transportation System, Advanced Driver
Assistance System, Accident Prevention, Accident Scenario
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1. 2

=779 Qb g A BE S At Theke Ad A XY Al2~Hl(Advanced Driver Assistance
System, ADAS)E°| 7/l = o]z git} &3] 8] Al A(vision sensor)2} @ ©]H] Al A (radar sensor) 58 X&3t=
24 A e 2EdRe 7H4 sket 9 s o] AT olof whe} thekdk TR Aka Ao 3 /‘]'1
ot Azl 5ol Alatel] A== HIE vl (before market) ¥ TE of g} EukY ofo] 9} Zro] heF Fuo] %
Ao LFEE HZH vl (after market) A5 S8 ALEE I Qo) ol2dk AT & A Al2E %
ANNE &5 AFY A4 Zzolgt & 4 v AW FF AL AI2E, ByA FF A1 AI2E, g
AFs Bx N2'ES A4 7P B 08 A8 5= ANLHOEA E2oA Y AFLL TS Fol& Ao &
S st ok kAT o] H 3 Ak 234 AY AXHELS FE IEERE} 2 ASF S-S e
M= AT T AR} e BEFo e, SRR} D X ohd AL Alue] o7t &A%t 1
EERE 7o R AdE A" o] T AW AF ©A T AHE dFolAnt &8 Jhssith
WAEE EEFHE WAL BRANA DGR olo] F HAR @ uFAILI} YAsteE Folth
(KoROAD, 2015). 3}A5F @A Ae &84 A A" watRo A st AALE WA sl7]ol F&
7 o, By 2 28-S AT wAE ALE str] 97 7e o] BRdE Aotk AA
al
A

H

@Az Aol e AT A oY HolHE Jukos & A 20l B4, A3 A YA 9
2 OAel, mAZ A5 Aol Yol Wak 53} o] A AM AN PFH Aok A
SRR A A2Ee B BAZ AL APl o AT AR REW JIoltk. Aol WA

AT A )% RS e SHAOE WAR BRdA F2 S AT £3E sokshe Zol B
a3tk Axe] BolE T o] B PFOE FASHE A BA A2 BEol /5T Aol H5
A S0l EFH SHYolt WAZ ) BE B A FYsHe A AzH B BT & Aok DA

U
NEe] Asol BET A, 0T HYT F YES A2WS BAAAT ST BAE @A) Axdo] T
A2 U)o s A e

Aeltt.

oo £ Aol 71E A LA AL Azwo] EAA6 A EHUL W ) He FH) 9

rlr

dtol 27 F 7k ATE ST A WA, A oY OB E Juto g mARA A Alukel e
E ERSAT theo®, 238 AUgeES /Nt A4 A2RlEY dHdse Frketgt @4 A
WA A A"l A T ol AEE AAE 1A A golt MM, Aue ¥R 7t A4
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o A e B BTk B A7) AsEe BAlolNY A LHA A Axde] A Aee
! W ZR A 7 A FEHE stetste] o F F7bAl AL oL )

A A A A2"E A §2 Bz A2H, S5 Al A2E, B BE A2E 5 4749
A ES & 7 AT vdE Vs 23T R A4 B A" Ve F Ul SE 4
X Al 2" (collision warning system)-> 533 2t&Fe] ¥ EAE ©A F 7 E4 %] FE 7heA S ALtst
of 4 FF ool FEE F= FHE FAHY diA FE AR A 2R A FH EAE A4
o g se gAA T A &g
1. X2 MM J[8e| SE HE A|AH

718 SE& AR NZEE AF AAE o] fste] FH EAE BRI JloH, thEZF 0 Z HX(vision)
Al A ok dl o]t (radar) AA7E Tk o] F, 7HE WIEA AHEE = AL 7hiet AME diiEE vl A=
E2 24 3144 % (high-angular-resolution) 9 Tl &0 &AH EA4E &3t 2ol o] & AA Sl vls] &
T3 AeS EUTHKim et al. 2016). AT FAH A7 Al FH0l dolMe e AHERE A

A7) Sk ol9} iz o ol AL BAR BAA ) Azle AUiSE 5 24 HEE Tots)
Lo Hold A5 wolth W A9 7} 9IAsh 218 B WMol BHE AL E FE A
Azde BAlel 37 Z4¢ 5ol BAG FHE TRAT-IAHOE 4EHTHKawo et al. 2002)

Al o] &2 AlA BEAoA HIREE dAHE Tt
|t ASste TEAlA 28 ZlEo] gD Ut tEF
S 4] AMTE o] 48 vl IS & gle EA FE X9 %31 5 ]
t}. Wang et al.(2011) ©HF B Al A (monocular vision sensor)oll L U] <] B (millimeter wave) ]O] =
Fgate] vl AA o FAFIRE oju|A] ZEAAY AFE ERoH, IHAE EARE ste TAHE
sAsAE o] daglEo] 7AEGS YA E 17| wEol Wang et al.(2014)2 ZS T/ AMAE o] &3}
of ANZte g BAE EgF T 5 e ¢1gES AN Cesic et al. (2016)— dolti et ~EH L 7}
Wete] §345 53 thF B A (mulitarget) ESZ TAE A4S + dv GuHEFS AL o AF F
& HolHE o] &3l dnelES HASsATh

UE ANE FET % FNE BTHL AF ANBORE HAT £ Y P 2V O
2ol Aoz FolBol ZHeA A AL Fetsh o] Yor, Aokl THElA AFe Fo Am 42
291 F sfelth, A A7 71 2EA BAE I3 0% e ABOR, Aol B4l Au
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(communication-based)®] F& 7R A" B3t A7} DS o] FoX 1 Uty FAl Y] = AR

A8l 25 7F e AFH dze 11 5AE 53 28 HARE FuE F glo] AR} Zo] B

g B3¢ w5 43S UE 4 ) Sengupta et al.2007)2 & A glo] &F 7+ A BAITHS o] &3

Y7t FE 7412 A 28-S (cooperative collision warning system) #|QFslith o] WMHE AH] L0 W

HIE EAT = glom, B3] Aok AAAIYY & AF= Fetd 4 Johs Aol ok AR 54
A

FA 7} BT o] A A 3F S A Al Qg o] BAE :

A AAZ G 7 gle Aael] a3H0 2 &8 & Utk HellA F5 AR A2’ T vk
o] FAl 7o 2 datal Qg2 TR A Itk sHAINE A A A 7]6F A 2E9] AR Qlo] B0 8 AMRE]T]
A g 7EA] AR ok A HAlE 54 Ad F 7lE BAE AT A2Fe BN FE AER
B &xe] tfgo] s e Azt Holl o]FojA= vE &
5 WA= A A8 (market penetration) 2, T 7¥F FE 7
AN Aol EE AHdAe AR REoR 2 a3E 7ds] 01 =2

olFF FAEE s AF P Ak AMe] FEF FH} o] FoAX A %S AP FAl AN FE A
BOAZES BEo R AgEE A e S Fuath A4 AFoME Aaw el nEE A
F A ) Al zwle] Abgo] BeHoln, Bl )k Az 2F AME AT 5 Qe EANA AT

2 FolAds vld Aot golt] AlMe dsS HUKeH] Sl A2 ek a2 uf AbayEARL Al
U E EEstuA 3t 7€ nAE W AR AU e 52 A B s= E";E"é AFLEo] FFHo e
o, ME7F g2 Abae] B¢ AiH o ® ol 1 H A ottt oY T EAFHe BYshr] fjste] & AT
A= VITIDOA AlFete F8 HolHE 7|We g WAE F8 Al/FARIL "lUr\“/l L5 EZESATHVTTI
Data Warehouse, 2017).

1. 24 Hl0IE

B AFE VITIONA SHRP22O d3o 2 10009 AS tiao 2 AAE NDSY HolHE 7|Hto g 4
Gt o] HlolH& v MM #oln AME T3l Aol F /Y HelHAHNER EEl5H, F dlolH
ANE Z+Ze] watz ALjEA AU & B4 § F3ste 8 AUE s =E39Th

1) HIE MM 7|2 H0]E]

A b dlolElE 2o B2t slujgto A dojxl g3t Az BHAE ThoFd £42 el
3 ek REE Fhgke] Ak 24 ol 36mmol 3 Aok 67.4°% Ax AHL 71E0 R A 2029
3 1027bFS T3 3029 P AT AFTH 302 G A mEt ] GPS £E, MR,

1) VTTI : Virginia tech transportation institute
2) SHRP2 : Second Strategic Highway Research Program
3) NDS : Naturalistic driving study, &35
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(Fig. 1) Detection range of vision and radar sensor
Z&E S 74 YRS ST 5 Ak £4 dolHE A AW, BA 94 A, 4] Ug AF 5
Hal U AR HolEIS) AEE 7, A A 5 P4 T4 89S DA 91D

o
f T = L=
At F 55079 WAR W) ALyEARL ol T FAE W alFAeh 2L BT A E Al9)] 204
1=}

2) 2floj MM 7|2k H[0|E

glolt] AlA 71uk glolEl = Ao AXE /TR #Hold, $H/2UNE /& EA, TE7HEA, GPsAl
Mg B3l Aozl HolHE F4HAUT o] HoHAEE A7 GPS £&, 44E, 7H4E §
tolejet HxEo] et ARE 2SI Yok FEE A= H/FH HoltE Bl olFoAAH, 78 Al
ofzb 12°2 ¢ 350ft, At 500ft Aol Y= BAE B F WA ©A) JFsEit 4 FEEE
3 FAAFS 71FEo R 3 AT, FHEE, B9 ol FAEHY o|gA BAE SREEY T A
AAL HolHe Al AHS 7|02 A 3029 ¥ 102713S T3 402710 ths) Alzah A 68
9] Aae} 760719 FARAL tlolE F AR UollA] B AL 130710138, o] F HoE &40
= 99710] EA o] AL UTh <Fig. 1> HIZ AlA 9} Holo AA 9 AlgS vigo® 82 7k MYE
3t 1ot}

o=
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2. WAIZOIML A2 ZF AL/ZEAID AlUEIR =5

A A R dolE AAE Ba 2oi7 36378 RAR ATEA

o] g3t Z 16709 2 2+ A

k]
i

I AU LE EEFSATE AU B2 A F SAE B olFoFth A dAddAE FHAEF
(subject vehicle, SV)¥} 3t %} % (opponent vehicle, OV)] 22 UE 7|Fo2 Al ’2}'3%% EFag+=d, o] u

2z o2 347h 9 Ay et EEH T T A w2 ol Foll gAE AAE

iu
it
2
bt
A

53l Aozl vlolE o] FEo] Hdt A9rt e, B A7 F8 Fx ulAE AlA9 golr] AlAg
A Wkl Qo] olE @ AUl eEe] T2 Z uE A Geth ol wel F A A oA r—ﬂOlEi
HEo] vl AU LES 539, HEAHOZ 16719 AvEl et EEHATh & Od?ow Al
U] &&= <Fig. 2>0l4 goldt 4= glom, Faxtake] 2298 7|Zo® AX 43 7, ¢ *J% 871,

TR U7 285 ok 229 16719 AU F oY AvEles AP :rL“"ﬂ/ﬂ AAE Aol
Aok 3 A Ayl e 37 (V10-12), $33 AUl L 378 (VI3-15)9 fE Alug e vie)e & 74 Ay
27t B AFdA A2 A A = A TH(Fuerstenberg, 2005; Fuerstenberg and Roessler, 2006; Goldhammer et al.,
2012; Ibanez-Guzman et al., 2010).
Ay ATl A AHEH AMAL AlUe] 50| FE FaatFo] A
MM EEd AU LEL 1ot gt A3Es 33T Al
A=, FHARFFO] AR S Ao ASH AlaLEo] FE

Al HeRdT

g ZaARl S AE A2EE 7] Aside FAARS AR Ve AAgE AEshs 2ol
T8It F8 AL Rlo] FAF] B 2 Wt e A5 FY AFelA A1E Fe= AL
ol iAoz AsA AL IS Ale o Ak AN Ak RqtrlEesE s Al
o 739 ARl sl 343 Aol Hasith. ¢4 FAE AFE T MAE AN JFede] w2 AFE

Aasjolgt st o] % AFEY AL dFsta, Jo wet FAAFE Aofs|of stk FE HALE F
7] S1%E A ERETE @AE) Afolur] wiEel iAol ALE fEd A9 Aaee & o 7o

A7 oA ot it
E}E}H Fhatrke] WAt EekA &2 A9 AtagdabEelgks 7 shell Adthaire] Wt F<ym)
T S ZAsAT v AN dlolE 9] A5 FAAES N o 7L HAIHANT. FaAARFe]
o] obd A5 AthatEe] WatE vEsd AR ddste]l F4sh dolr] AlAM dHolE e A ARaL
A AR 7IMte g AgThaiaFe] Wt ]%$ 04%'*% T3k ol whE 24 A= <Fig. 3>04 2
A = Aot Hoj1i=E Tl Aue2E Bl AlA HolE gk oy AlA HlolBE TR AL A
gt AT Eares 9 _H;_o:]_,—l:]- 3 AUE] e HA AL Aok diabEel Mt
Qurgk AL A4 Bl E Wt 9|E5E (Non-compliance rate)< A&, ©]& 7124 I =2 JehY
Ak 07€ 712 F o9 JHe Aluelert 71E A ol #he E“T/} olg ¥ AL W&}t =&
AUl Al FiE V3, V5, VOE Adthatko] A FHNFOR sk Aol T4
ArEL F2 AUTEoY S A4 T' o A4 AR olojd FEo] ¥7] wEol

7b stk
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V1 V2 V3 V4

Subject vehicle going
straight forward,
opponent vehicle
coming from the right
side

Subject vehicle going
straight forward,
opponent vehicle
coming from the left
side

Subject vehicle going
straight forward,
opponent vehicle
turning right from the
right side of the
subject vehicle

Subject vehicle going
straight forward,
opponent vehicle
turning left from the
left side of the subject
vehicle

V5

V6

V7

V8

L

Subject vehicle going
straight forward,
opponent vehicle
turning left form
opposite side of the

Subject vehicle going
straight forward,
opponent vehicle
turning left from the
right side of the

Subject vehicle going
straight forward,
opponent vehicle
coming from the
behind (Rear-end

Subject vehicle turning
left, opponent vehicle
coming from the right
side of the subject
vehicle

subject vehicle subject vehicle collision)
V9 V10 V11 V12
]
o =" l

Subject vehicle turning
left, opponent vehicle
coming from the
opposite side of the
subject vehicle

Subject vehicle turning
left, opponent vehicle
turning left from the
right side of the
subject vehicle

Subject vehicle turning
left, opponent vehicle
turning left from the
left side of the subject
vehicle

Subject vehicle turning
left, opponent vehicle
turning left from the
opposite side of the
subject vehicle

V13

V14

V15

V16

Subject vehicle turning
right, opponent vehicle
going straight forward
from the left side of
the subject vehicle

L

Subject vehicle turning
right, opponent vehicle
turning left from the
opposite side of the
subject vehicle

G

Subject vehicle turning
right, opponent vehicle
making U-turn from
the right side of the
subject vehicle

Subject vehicle making
U-turn, opponent
vehicle going straight
from the opposite side
of the subject vehicle

(Fig. 2> Major intersection accident scenarios
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70 t 1.00
— il | 0.90
60 e L / '
VN A i i | oo
~ — e ~ ] I
2 0 f!f :—_*\ —’( \\\ /’,4\\ JJI lw ’I 0.70 %
/ - - =
5 » \ ; VA e g
5 ‘\ ,nfj \\ f’ “ f 0.40 E—
= 4|, | (— 030 ©
y L V! 020 S
10 Y L 20 2
\Ur 0.10
VI | V2 | V3 | VA | V5 | Ve | V7 | V8 | VI |VIO|VIT|VIZ VI3 | V14| VI5 | Vie
Compliance 18 | 14 4 3 19 | 13 | 27 2 7 2 2 3 6 0 2
=INon-compliance 16 |18 |27 |14 | 45| 32| 6 3 |14 | 8 3 8 1 1 0 1
—*-Non-compliance rate| 0.47 | 0.56 | 0.87|0.82|0.70|0.71 (0.18 | 0.60 | 0.67 | 0.80 | 0.60 | 0.73 [ 0.14 | 1 0 1
Scenario

(Fig. 3> Compliance status of opponent vehicle by vehicle-to-vehicle scenario

V. A} dlo]E] & 7|t R 3k AlA A5 B4

2 AoMe MANH =58 a2 AU QB A At gojt] A7t Aba o] glo] o= A
Tol §88 /AT YEA FotstaAl stk o]2 AHTA o Z Frlsky] Y3 (TR ko] HAAA AT
(minimum stopping distance)E 7]HEO. 2 AR3e]H7] 2] (safety-remaining distance, SRD)E 4HE3F 0., AbaLe]
WA wet AUl AA 45 Bk

1. BMgHE

2+ AXA7E Ay 2ol wet A driy At = leA] getsly] AR A ARE 2 ATelME
P Ae S ARSI At A= A ES FAR ARl Ak AR 74?/1(Dr)52‘r =
4

>

E2FAARY(D,)S AZ ALFHY, 2 AAYE &84 TSR T ol Fd A et FYAFe] Ao
SR8 45d o A5 dos A A vad 2ol Fodn

SRD=D — D, 6))
Vi,
Ds = 2-01 . + Uf,ltrmz('f (2)
vy + v,
Drz = T- (t2 tl) (3)
D, =scosf (att,) @

o
>
2

A7|A, 1, : FYAF] FURFL A
ty © AL AR
D olM FEAF] S5
v, © L,O1M FHRF] S5
a,,, @ AT JAU BES (205t/s 02 317F)
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WAE F A AlLf2|Qof CiEh BT MAIQL Bjo|T] Mol ALY oM s "ot

A AFE Tl doAR ARl AYTE 0BT F A5, ol FHAG] Al B4 Mol AT 3UF
«IU]G“‘% o] B AL cgo] Thsstttal st om, AuEebE AA AaLe] 70% o)l o
7Fedt 7% 2 Ay edl thsl Ao Adse] T3] sttt Mo Ae Bk A Als =
54 T AT BE F A%l g ol o, & weAE BEA AAste AoE F 3RS
TEAT A Aol WS AR 129k 2522 AA ST
g i AlM s} Foly AlMZE A5 ¢ e AR Al Aolztk 7] Wil AL AR7AA 2 A

=

gt AA TR0 me gE Pgo TR, dold ANE FaAFo Ry ) @A Az
2% 2o] Fhsath T Aol WAL ol glomz HzkamA AolA STk 7MY ol 54 @)
o) o] ARSI ST WA AN A A @ol BaT B ARE AL F gv) W] 54

il

)3 2ol FAAH AN ARAHNA 9] HAEEE 0|83t A E FAlstith

16702] Alyg| 2ol tis] Al A S ZFo2 vl A9 gloly AlMe] A4S H7FstYoH, <Fig.
4>9} <Fig. 5>llA 2tF Als BTt %5 As BT 247 s &4 24745 E1F Aok F5ATE
o A9 tEE Alyg QoA Atad A7t 0 o8k ghe Zhe O E Kol T AlA B AL o
of &83pdle tha FFsitty BoETh v AN E FelAE v Ayl e, goly AME FalA
= Al A Ay 2ol A Akl dito] 7hssh, oAl = Aba tﬂE ZH QoA FREVF oA & AlY

5otk A5 AT REAAE HIA AlAe} goly AXE A=t B Lﬂ 719l /\lﬂraloow
ADE G = 9o £F Al 2o HlE) Ao R B AES He
A Al AYElL V3, V9, VI2ol tiEiAE 80% 149 AlE dw ke Ax 7}%6}4.

A 2"l 20 AAF BAS 9Jate] 3108 A5 AT RToA Auel el Alal oig
Ak AL e 72 A E o] 83 SE AR /\l*E“Ol Aot Ao s ALE od
ZA5t7] fste] A ABE AV HA AlaL 15 F A A7 0 o]l Aka A
2 AkkEt B4 die <F1g 6> Sl AT & 213}.

AL g 078 7R T AIANY Aes BUME A9, vl AlMe AlUElL V3, V9, V12, V149
V169| ool F&3 7hs é% Ak whE AT o -g-o] 05 o)kl AlUElL V2, V5, V6, Vi1, Vi3] T
A= A 75 A Edtta AekE = ok vl Al 7L o] Ay B FHekgt ol e |EHo R
Fhlgte] Alokr} AeF AW FgtE o] gl7] wjiEolt) Alopzte] Ay o] TAR A s BAFo =z
2] W7t FopA = o] wlEel V2, Vi1, VI3XE Auiatgo] FaaFe] HZolA Fse Aol=
27} 1S olHt} <Fig. 6>0ll4 1T = %ol Al Avg| 9] AAL &2 ko] $-Sox
ke AUE L veoll Hlsl dA 5] ok FiiatFe] -S4 e AU LEL AR Ak o

o] S HOIGk 1102 Vothol AL o 05 oIF ISRE, ol BuhAgol £9AT %
o2 gHol7] MR B o|F Ax AHAA Fe At WA ZolS7] wFelth H Avele Vs
& 23 T o4 2 duAFe] BA7 Solth LA Wil Hu M Ao A9 A WA AU
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Vie | | Vie
i+
V15 V15
T
Via | | Via

Vi3 4'% Vi3
L]
vi2 %ﬁ vi2

i1 — Vit -

—{m—
- L
oo%o.
'

Scenario
Scenario

’ - ’ |
- - - - N

v2 — ° . v2 4%

200 -100

100 200 200 -100 100 200

0 0
SRD (ft) SRD (ft)

reaction_time B3 1E32.5 reaction_time B3 1E32.5

(Fig. 4) SRD of accidents obtained by vision sensor <(Fig. 5> SRD of accidents obtained by radar sensor

7] e Aestas gE Al 7HIA vk webd Aol S35 B4 Jhsdt
= AR R HAE | 7HA] L/ Alte] AgHTh

)

< el =l

golt MAE o] &S 75 AUl VI, V4, V83} V9ol ALaL oo 07 o]FE 7IFgth #Helr]
AMAE 2 JFEe] F& Aokhe #53 F e, 187] vEd FFH 28 AA ¥ 2
FEe FATL F e FELS A Ytk ALE HolHAA BE AFSL $S5FYoE IAFPstar 7]
ol FHZFolA HIshe Al Bla] ¢FoA HIse AFES U =2 FEE GAT 5 AN oY
olfr=2 AlutEl 2 ViZ V2 AL e

w

VBT VLIS AT 4% AN FASAR JiAEe] 9130 gt
b Aol $5A HESA ASONE AL A

o, FPge] Jrhagel HoiEOR US4

o] AA Aot} A
V10$} V157} o|2g A
 8]lojtt.

T8 BRI Ao Mt rlEFEY Aue 2E AL o8-S 89F3te] <Table 1>0] YERARL
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(Table 1) Collision avoidance performance by vehicle-to-vehicle scenarios
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