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ABSTRACT

In this paper, a methodology to analyze the potential safe benefit of six cooperative driver
assistance systems via V2V (vehicle-to-vehicle) communications is proposed. Although it is quite
necessary to assess social impact with respect to new safety technologies for cooperative vehicles
with V2V communications, there are few studies in Korea to predict the quantitative safety benefit
analysis. In this study, traffic accident scenarios are classified based on traffic fatality between
passenger cars. The sequential collision type is classified for a multiple pile-up with respect to
collision direction such as forward, side, head-on collisions. Then movement of surrounding vehicle
is considered for the scenario classification. Next, the cooperative driver assistance systems such as
forward collision warning, blind spot detection, and intersection movement assistance are related
with the corresponding accident scenarios. Finally, it is summarized how much traffic fatality may
be reduced potentially due to the V2V communication based safety services.

Key words : cooperative driver assistance system, vehicle-to-vehicle communication, safety benefit
analysis, traffic accident analysis system



A AAZ o2 Hekekd At g A7 g wet 288 =FA A (ACC), 2o e 1%
Z|(LDWS), A 5-A A= (LKAS), 71 FAFA 2~H(AEB) & A 2pk obd A ~Elo] W24 483151 2
H Aol g Atk HZddle A W 87 AAE 7R she A b Al2"S do] bEF gE
BAE 7N E 3 FEY A kA Alzwlo] AEEI 9lor, B Yoyt AgFyAFA LR 7143}
1l %lﬁ}(Ahmed-Zald et al, 2011). ATk o]t &Y X5F b Al2®lo] F-83HE7] A s A A
T84 4L % AFH tHEAEN T A2l kHAEES FEE F e ASHI A HEHSR

HU

)

Ak 24 Qb Al 2H"lel] thek FFH HUFE QA7 g dTE] JWHUT AEH o) HE
de 54 AdS RARE E2A &FAFACO), ACCE AH & A9 1384 42 4
maximum speed, time above speed limit 53 22 Q45 HwEA3 A7} 27F ok AlAEo] =5 ° A
ARG E P EAE B4 A7) ATHMarkVollrath et al., 2011; Jeong and Oh, 2017). A FZ F3Y
tolElE §3 d7ol= CC ¥ FEII(CA) E1elFS U FFol s Ao Ao} vwg A7}
ATHMoon et al, 2009). AE=Z F3 Ho|HE 53 ATd= CAY o8 ZE-& percent able to respond,
frequency of alert 2714 &-&-o thef Blwsts A7} THMcLaughlin et al., 2008). X EALIL Tlo]HE 53
AFoll= 37HA FE F¥ wet oy §39 234 2F/7F A4 AR S BlES A% AT, A kA
A2E HE FAILE 39 e A S AN F e A A ERE A% A5 LDWSS H
Qi Adm A AE 53 202033 203010 LDWSS] mlE) A4S H713E A7, exponential decay
function®] 418 ALHAEERZ M3t LDWSSF AEBY| w59Hd &4 WP ES Ak A7 Q)
Th(Staubach, 2009; Page et al., 2009; Ryu et al., 2009; Jeong and Oh, 2013). &4} o|H s ATFEL A5H7}
Azt dag H7F Avg & MAskE vl Qo] 2857] ook

U= NHTSAU fr§ ASSESSOlAE= Alue]e 7Iuk FAA £4WE& AHEste] A2 b 7]Eol tis)
ABI A A A R aRE AFH R A st Jom 53] mlmolAs wFAL AuE] e ' ALS A7 A
2 EAo 7|hkete] Y g b Al 2"l /ISHVE AAE vhESkaL Atk(Najm et al., 2013; Wisch et
al., 2011; Ahmed-Zaid et al., 2011).

A 7|RE AS| B A A P ENE EAsE WHES A Al 7HA B0 E o] A E ¢
Atk A MAZRE AMgste dlolEle] HYjo|th, wF ALY HlolE, AEat A7 &4 X (event data recorder),
B AS Z2AEE T3 AFE 3 dolEHr gutd o= fi4e] k. va NHTSAS 45 A 2
d WFAAL "HolE o AFat A7) &4 9] HolE & Wiete] nEAL 4] ATE 20039 EHEH
o2 Zestal QIth(Najm et al., 2003). H]= CAMP(Crash Avoidance Metrics Partnership)Z 2 13 | A=

&3t VSC-A(Vehicle Safety Communications - Applications) ZZHEE 335} <Fig. 1>°]
Al B uke) o] AWNFE7 IFCW), AHA N LBSW), Alo]ddd7 (CLW), I5AlsBH ol 257
J(EEBL), M A2 ZFEZI(IMA), TYAFLHIADNPW)E HE $§& Al=FoR {\j%o}jl Nz F3 H
2E HolHE 5% A5S X&EH o= 733519 th(Ahmed-Zaid et al., 2011; Snyder et al., 2013; Howe et al.,
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Emergency Electronic Intersection Do Not Pass Warning
Brake Lights Movement Assist

(Fig. 1> Cooperative Driver Assistance Systems

T AR LEAT Avelee] B el AULE o9 BF sty wel 54 A 9
G2 0+ Uk F, WEAD Aot PAHOR FRol B FHY A ok Axde] A% 8e

=
7t BAEgstA BoEaE b A ek &4 FEE7F Hobxith vl NHTSAS] 749 199091 % AbaLH]
o|H S 43} “44-crashes”s} HEl= 44719 Al FF o2 BFS = WHS ASIH T ©]F o) “pre-crash
scenarios”2H= 7HE 0.2 37709] ARALFE & AFStal THNajm et al,, 2007). SL2] 73 “German In-depth
Accident Study”(GIDAS)E F35to] AFEALI®TE olye}t 7378 dlEsts AlE B5F 7S5t 9oy
g E 49 7|E0 R WFALE A3 BRoe dFAL AU BFE A AAFLE £F355HA
= FHAZ 20113 9 “Initiative for the Global Harmonization of Accident Data”(i(GLAD)S] nEA AU &
Fg o] A RFE A tH(Chalmers, 2013).

A AAZE ek &7e] As) Wolt) AEs) st W wak kA Al2E] A AL AE A kA
BH7F GE2A Y2tk vl NHTSAS] 79 &b b Al2gloju} 8y A5k Qb Al 2~"lof gt AF3) 2
ok EIh} AAA £A4E BT (frequency), 73 A H]-E-(economic cost), functional years lost 37F4] 84
A3} o] 2238k3 QITHNajm et al., 2013; Li and Kockelman, 2016). = 2| 3 Ao A= AA| wEALL 5
] 2 b Al ="l o' o Thsdk aleAAL o] Hle R P EHRE A TFEHSHATHKuehn et al., 2009).
U nF A4S WNFT 2HEY A wTAAL HolEE AUFE, SULASE, A= FEh 22

st A b Al~Ee P ERE WEAL Ho]HE nEAL

_?r
T QA ok AR Azdel tha

ﬂll

ﬂll
r-h:

AU L2 273t ShHE

Y& gl glo] @AV Ak mebA B dAFdAe M3 ATt o]o] mEAIL AUE e B Haks
st A5 vl o2 b Qb AlaElY] AlE R EARE AFHOE AASI BEY A ¢k A
2"H9 JIFE Y% UE HUF AU E AAse W ES o] x gth(Song and Kang, 2017; Kang et
al,, 2017; Lee et al, 2017). B4 = APGuSALT Ho]EE o8 HFZ A} pre-crash AUzl H

m

iGLADE 7|Hlo.2 WEALT do|HE 24 Aygl ez EF/ITh
2718 FE8E A b A"l HE 7hed wFA AluE

oo
o
fru

WAL AP e T A7 T

QE AAst] FHY A7F b Al ="
A FHEAE WAL AU AL HIEFE AEsst PHES ARt Ao HAHRINE
2012~14371A] 337 WFARSL HolH TS AMgSth o 21 713 Seke] dHlolE 2 F4 wEAAL HlojH
S 3t F o 2HErt 22 B4 A 222 F e v AF%h x| Ete g o] gk R4
o AE 7|6k st A 7+ BAINE Y A obd A 2EE AFE] A% UE HUAUE L E Al

oreiet.
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1. S BSAIZD HOIH 27

] A5 20119 EHE EE2nTFHNA WFALEAA2B(TAAS)S T53ta wFAL To]E
#e)3ta Ath(Korea Road Traffic Authority, 2017). ©]oll 2|3} 2012-143 Abo] XFeha} AL R Q13E W EALY
AeE 563670H olF TS SEAet SHAROE IHT ¢ 1,09671(194%)°] LA AT 5
2 %
[

i

e

2k S-S B3 ol fe A P FAVIN FEHY b A"l g s SEAY S5
e AT &R I wEolth
TAASOIA & “AFILHE thEF(Collision type 1)'S T2 ) 3o #2& we
gt oo Abgo]l B | A FUR AR A 2 A st Hxo Pﬁl
} % TE
[e]

_gg

! .
SAR ADRY DR A QoI A Lo At Aol ATFF 0] AF FFolLt At

% AT £ A5} 9o o8 BA BRE Bast Atk ARF A Az mm o o 7)E
2 A3 AR A2 $E A ALIY EE <Tible 10> 19 2ol &80l Yolbr] 4 A2 §
B Aol 1 A8 gl 2870 hAE ATLE FED YA ek AT A3 AT 837, &
e 000l A Aol SIAE ol83) 2 ALALe] A2 80, A5 Ao A FE

CEERE: 63 pgko] Lhsh 914 ool Bl Brbsd HlolH SI(<Table 16> FH)7 & F wlolel}
ZASNGT o8 AW seario] AThA ATeOlEE ThFoE BHE AL

(Table 1) Examples of wrong classification of collision type 1

Collision type 1 Accident description

The # 1 car (carnival) was driving along the Gangbyeonno in front of the 206 Dong of Garak town,
Hadan-dong, along the third line of one way-four lane road from the direction of Dadae-dong to the
vehicle-to- direction of Eomgung-dong. At the point of the accident, the driver found a motorcycle running ahead of

vehicle the car which is same line and braked. The steering wheel turned to the left and drove over the median.
The #1 car was drove on the opposite side hence the front of the #1 car came butt against front of the
#2 car (Windstorm). The #1 car was overturned after the collision.

(a) Vehicle to Motorcycle case

| vehicle-to-vehicle ‘The # 1 car violated a traffic signal that’s why the car is collided with # 2 car. |

(b) Non-classification case

U2 2 TAASOIA = AWSE, & , AT F5, TS F5, 718 A E BREE A
2-f-3(Collision type 2)&50] glom b3 22 o|f & AEF7/L F7HE oz Jasith A, Y A
o thall A A 8ot BYRskE 97t ATk dlE £ <Table 2>9] A MA AHAIME Abaf
g2 ‘=2 Z+E(Collision type 2: 202 Ho] oy AlufeE By ‘F=H5 FE(Collision type 2: 4)’
ojojAl BYAgT} &4, ALl ‘71EP(Colhslon type 2: 5 EFH JoU ATNLE EAFS W
A8 S T1EP7E ofd thE %f%‘ BH7F 7Fed A7t Aith dE 014, <Table 2>9] F WA
A HE ATALE B QPR —’F%(Colhswn type 2: 3) 2 BR7E 7bssith A, tegEe] A Hx
AL 710 obd ApAbaLel] AHAR] FF A S VTSR /7L Ho] QATh(<Table 2> Al WA AR#l 3
Z). A (DAL E A A et BYAsE A /\hﬂh‘l% 71E0 2 ALFEE WASAL A
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A2 o AlAEl BN o FT 24 AP

UABHE ARLE B & FFC T+ AN E TIE
AASIATE Q) FHx2 AL 7Eo R ALFES WA ALT 3 AAE <Table 3>3
Hz HoJEolA ‘AUFEZ EFF Al 227712 “AHWHZFE(Collision type 2: 1)’ 19774,
A

, AT 72 24, FEAT FE 24, VI 32 AEFEHUT
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(Table 2) Examples of wrong classification of Collision type 2

“Collision type 2 Accident description

The # 1 car was driving on the third line of one way-five lane road from Incheon direction to Suwon
2 —4 direction. In the same lane, the driver of the # 1 car was passed away by colliding with the rear end of
the # 2 car that was waiting for the signal.

This accident was that a driver of #l car drove via third line of one way-third lane road from
5—3 Yangjae-dong to Segok-dong with the driver’s blood alcohol concentration of 0.343%. In the meantime, #2
car, which was ahead of #1 car, was collide by the the #1 car.

The #1) car moved forward from the Shincheon IC side to the Anhyeon Junction along the first lane in
the reverse direction. The #1) car was in a head-on collision with the car #2), which was running along
2—1 the first lane from the Anhyeon to the Sincheon IC. The #3) car is moving along the first lane from the
Anhyeon Junction to the Sincheon IC. The side of driver seat in the car #3) hit the side of driver seat in
the car #1) which had previously been stopped due to an accident.

" 1: Collision with another oncoming vehicle, 2: Collision with another vehicle moving laterally in the same direction or
collision with another vehicle which turns into or crosses a road, 3: Collision with another vehicle moving ahead, 4: Collision
with another vehicle waiting, 5: Etc.

(Table 3) Result of Reclassification

Before Result(Collision type 2) re]
(*Collision type 2) 1 2 3 5
1 197 23 2 3 227
2 38 188 3 12 9 250
3 12 15 39 22 4 92
4 1 2 7 89 2 101
5 63 61 21 34 15 194
Total 311 289 72 159 33 864

* 1: Collision with another oncoming vehicle, 2: Collision with another vehicle moving laterally in the same direction or
collision with another vehicle which turns into or crosses a road, 3: Collision with another vehicle moving ahead, 4: Collision
with another vehicle waiting, 5: Etc.

2. Al AlYE|IR 2R/

u]=t NHTSA9] 73$- 37709 pre-crash AlUHE] 2.5 A oJte] Aln *Mfﬂ&
AhAE ARIL Alve] Qo) AEAF AFILZ| X (EDR)S] A S5 HE
WAERANA zFo] AEE AA IYJP=AE FESFA AU LE ER/st
TAAS7} Al Fshe DAL BlolElRES o] &3l7] wiiol A x}&Fe] 747k
£ AlgrA o 2xt gofe 4= Qlnh. whebA o3 S FEeHA ¥ethd 117H«l Avg e 2 Byt o
S0 Z 11709 AUE L5 TAASY ‘A 7E° TEF ‘=28 )& F(Vehicle location)’ T-#20.2 EHF3la
Abal AFE <Table 4>9F 2o] QoF5ATh <Table 4>914 A HASE, U2 dfFste 2834 & 2
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pre-crash Alute] @ o) s 8= ™, tlo|El3} st Aol © Hasith <Table 4>5 &85k
<Fig. 2>9] oA¢} o] 2= AeHo e AaNRE 7|RreE 864719] HIO|HE pre-crash AUte] L2 El
olE|3} &3t <Fig. 2>+ ‘AFALFE TN SHAASE, ‘=E2EYJH &7 FEA watzol st
+ 22270 Foll 210l thk A o]tk <Fig. 2(a)>5 EH A7|xF0 4katgo] nirRa dste Foll 7
713 AB| AL SAFAFES ARIet ALt @EE & = T o] pre-crash AlYE] 204 "LTAP/OD
at non-signalized junctions’A| U2l 2.0l a5 H k. <Fig. 2(b)> A 2L JF4E& AAH AU LZ dHo|H3g} ¢
oquIE}

FrdolA Aok iIGLADE a5A AUE] e 7719 18, 296702 ‘Accident type’ 02 EF3ta ok
(Chalmers, 2013). 1 & ZFtAF ARAL(ARAA A2 AluE L= 134709 F z}au Zl 63 ekt 91A]7F 2

Augl e delle A5 5o fi, 2] TE, dxolle Yl B24E, A3 Az wet Aute
25 EFT AT TAASTL AlFshs AREZE= o]am [AES AFA ogu} ;le & 4= 9t} whA
olgF QA4S TESHA dethd 5T/ Alue] e WEEY teo® 57709 Alue] 2F TAASS| ‘A
I17E ?—Ewﬂr EEYY gER FRoE B —6}1 Al AFE <Table 5>3 Zo] Q9F5l4 tH(<Table 5>
oA 6219 ZAF GU=ER, AANZE FEIK] %ol FEH E7|5H S, 621: Longitudinal traffic - veh. waiting

mandatory and follower). <Table 5>5 €83} pre-crash Alvh2] 2.9} U]-{W}X]i 86471l th3ll accident type>
= tlo]elg} st <Fig. 3> ‘2755‘}% FE oA G ® o sfdsh= 1137 Foll 2105 e Zlojth

864712 TIO|E]E precrash AU 22 EFAES 45 65270(75%)2] HoEI7}F 11712] Ay 2o E3= o
U A 21273(25%)& Alue] 2. ﬂﬂﬂzl 239t accident type &8 BHHS A-$ 73771(85%) ] HlolE 7}
57718) Alube] ol 2FEL o™ YA 1277(15%)- accident type-799(others) 2 -] 0] accident type©] pre-crash
Aluel e Bt TAAS HlolBE o Beo] £/ &+ ANtk watx E4st=t ol o At 23S ¢
T ASeH ol o] % ZF Al 2Hle] QIFS 93 HIF Alvke] @ Aol Al A= accident types ©]-8 Zlo|t

(Table 4) Classification Scenario - Pre-crash

*Collision type 2| Vehicle location Pre-crash Scenarios (total number) Frequency
1 Non-Junction |Opposite direction/no vehicle maneuver (1) 283
Junction - 28
Non-Junction Cha.nging lane§[b0F11 Vehicle?. tra?ve]jng in same direction, Drifting/both 67
vehicles traveling in same direction (2)
2 LTAP/OD at non-signalized junctions, SCP at non-signalized junctions,
Junction Turning at non-signalized junctions, Turning right at signalized junctions, 222
Turning/ both vehicles traveling in same direction (5)
. Rear-end crash/LVM,
3 Non-Junction Rear-end crasgfollowing vehicle making a maneuver (2) 64
Junction - 8
A Non-Junction |Rear-end crash/LVS (1) 113
Junction - 46
Non-Junction 18
> Junction i 15
Total - 1) 864

* 1: Collision with another oncoming vehicle, 2: Collision with another vehicle moving laterally in the same direction or
collision with another vehicle which turns into or crosses a road, 3: Collision with another vehicle moving ahead, 4: Collision
with another vehicle waiting, 5: Etc.
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Accident description

Pre-crash Scenarios

The car, Gyeonggi ** Neu **** collided with car, Ulsan**Ba****Ho, which goes
straight with correct traffic signal to Songjeong from Ilgwang. The accident occurs
due to the car, Gyeonggi ** Neu**, violated traffic signal and turned left to the
Gijang-eup office from Songjeong.

L
Bh

(a) LTAP/OD at non-signalized junctions(Left Turn Across Path/Op

posite Directions)

The #1 car went straight from the Yongjang to Bonggye Ri, and at the time, there
occurred the accident that the #1 car hit right side of the #2 car with front of the 1
car while the #2 car went straight from Oedong-eup to Naenam-myeon.

o
e

(b) SCP at non-signalized junctions(Straight Crossing Paths)
(Fig. 2) Examples of pre-crash scenarios

(Table 5) Classification Scenario - iGLAD(accident type)

Collision type 2 | Vehicle location Accident type (total number) Frequency

| Non-Junction | 543, 681, 682 (3) 283
Junction - 28
Non-Junction | 561, 562, 571, 572, 635, 645, 646, 702, 714, 715, 721, 722, 724 (13) 67

2 . 201, 211, 212, 214, 215, 232, 251, 252, 261, 262, 301, 302, 303, 306,
Junction 222

321, 322, 323, 326, 351, 352, 591, 592, 593, 594 (24)

3 Non-Junction | 541, 542, 601 (3) 64
Junction 201, 231 (2) 8
4 Non-Junction | 501, 502, 621, 701, 741 (5) 113
Junction 621 (0) 46
Non-Junction | 581, 582, 651, 652, 703, 711, 712 (7) 18
> Junction - 15
Total - (57 864

* 1: Collision with another oncoming vehicle, 2: Collision with another vehicle moving laterally in the same direction or
collision with another vehicle which turns into or crosses a road, 3: Collision with another vehicle moving ahead, 4: Collision

with another vehicle waiting, 5: Etc.

Accident description

iGLAD(accident type)

501
The #1 Infiniti car hit left rear of the #2 tourist bus by right front bumper which ferdng
parked on the road in the direction of the Anseong IC from Bubwon junction. The Bf
driver of #1 car was blood alcohol concentration of 0.128%. a
WA S
(a) Accident type-501
The # 1, 2, 3, 4 cars were moving forward from Busan to Gimhae. It is an accident EZZ_:_
that collided with a # 2 vehicle that was stationed due to congestion. It happened due it
) NN H s
to negligence on the safe distance in driving the second lane of one way-two lane :
road. a A

(b) Accident type-621
(Fig. 3> Examples of iGLAD(accident type)

(A: participant 1, B: participant 2)

173, H22(2018H 48)




. WEY A Axdle] A w3 B
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B ERoAE A4 AHEFE BH] Sistel RE Aol BHY okl AxY BRIE ASHT

1 o8 AP AT Amebt 4AS TS YoM BE GEY] AgAV} A Asde ANE &

& Ao PP ER WEAL A 0% <Fg. 1014 A4E BE 38 Azt ABEe A

174 @k SA CLWe] B9 =@ FHt A 18 YEE Solof ST @AY HolHE 1 &
=n o)

wwdlAde 1EetA ettt =9 AW FE Aol v A5 FCWe 232 A A4 A1
T EEBL2 A5 Al YRAAN TS B3t 1 Ao Hag e Aotk
AZFe] gAE AR5 ¢ F Ao F O AU LE A FiESt] #4185 & 5 AN @ dlolH
+ BAE FCW$ EEBLY| A&H+ Alve| o7t sdsttta 718kt

olu] wl= NHTSAOIA & 1 A&A AF3A 50| precrash AlUE] 29 O S8 Al=H] ABEE F
oJ8lar ZF Al Hle] ZAIAQ] ALS A Qb E3E BASH AFE By YER L Tk o] HIAE FHal
3l iGLADY] accident type¥} TH3E 58 A|2=El-& <Table 6>3 Zo] WPt WHS A7 577012 AlUe
2 Fo 21709 Aot tiE &8 Al2EH Aol e FEY AwF Qb Al2glo] SigE =
olEl = 86471 ZF 65271(75%)° ATk

of ffu -y oL ofo O
£
N

N
2

KN
=
prd

(Table 6) Mapping of Scenarios to VSC-A Applications

VSC. .
SCA . Pre-crash scenario Accident type
safety applications (total number)
Rear-end crash/LVM
FCW+EEBL Rear-end crash/following vehicle making a maneuver 541, 542, 601, 621 (4)

Rear-end crash/LVS

Changing lanes/both vehicles traveling in same direction

BSW Drifting/both vehicles traveling in same direction 202, 232, 635, 645, 646 (5)
Turning/ both vehicles traveling in same direction

DNPW Opposite direction/no vehicle maneuver 681, 682 (2)
LTAP/OD at non-signalized junctions

MA SCP at non-signalized junctions 211, 215, 301, 302, 303, 321, 322,
Turning at non-signalized junctions 323, 351, 352 (10)
Turning right at signalized junctions

Total 11 Scenarios 21 Scenarios

<Table 6>= HIB OS2 1|33} k=19 Py AdF Qbd A28 ¥ A AR AFH b a5 <Table
7>3} zFo] w]= GES(General Estimates System)A 2004-2008 537t dlolEle] A HT ¥l =4 (frequency)9} ¥l
31 Th(Najm et al., 2013). FlTollA = W=4, A4 H|L, functional years lost 37F4] 842 A A A3
A Qkd AdE A3} ot Uk B =7l e TAASOIA AlFdhe AFGARLL tlolElRhE ARg3t7]o] 2]
AAR vaE ofg a1 ZAARI A A Qbd & whe] PFEQ] AFRARLL RIEFTS EA35te] vj=9] 99}
Hl et H T} 4 A3 vz A= FCW+EEBL Al2®lo] 7h4 A8 A3 A Qbd E371 A4 v Wi
ol A= DNPW Al Z=Hllo] 7P ZHA A Q1 AFSl A b a3t & 2108 UEy:
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(Table 7) Potential safety benefits of safety applications

Korea U S A

VSCA . 20122014 TAAS 2004-2008 GES

safety applications

Frequency Rank Frequency Rank

Rear-end crash/LVM
FCW+EEBL Rear-end crash/following vehicle making a maneuver 137 3 1,646,000 1
Rear-end crash/LVS

Changing lanes/both vehicles traveling in same direction

BSW Drifting/both vehicles traveling in same direction 52 4 643,000 3

Turning/ both vehicles traveling in same direction

DNPW Opposite direction/no vehicle maneuver 276 1 129,000 4

LTAP/OD at non-signalized junctions

SCP at non-signalized junctions
IMA 187 2 917,000 2
Turning at non-signalized junctions

Turning right at signalized junctions

Total - 652 - 3,335,000 -
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Rank Accident e

Accident Scenario TOP 9 type
- 681 163 (19%)
682 113 (13%)
160 621 81 (9%)
140 601 54 (6%)
120 211 47 (5%)

100 321 44 (5%)
301 42 (5%)

60 741 32 (5%)

10 501 31 (4%)
: L1Len [
0 H H H

681 682 621 601 211 321 301 741 501

80

NeRE-CHIEN B N W U IR NY RUCH B (S 3

28 652 1 (0%)
Bﬁ'wf ez 621 601 : Bg 211 321 301 741 BOT
t @ a 8 “ """ - 8 e el
,,ﬁi A ﬁ 2 g ﬁA ﬁA A é Aa
DNPW DNPW FCW FCW IMA IMA IMA - -

Y b A 2Hlo A Z QL AL A b a3 &4 AFE T3l
*E 49]3]"’ ”]% NHTSA®] Q1% B7}t :
type HollA RI= =2 £HAFEH FHEE 90%E 2T EE S7HA &9 <
& 7t AMEL *d%s}%ltk H=50] A VSC-A ZRAES T3 JYd A A2wE JIFS

7} AUELE HAEIH oY AFarl oF S Tre positive AlUE] 29t Frl &2]W < F= False
positive AlUE]Q 27FA 2 1SS A%t HI AU E FEITH(Ahmed-Zaid et al, 2011). J7]A] False
positive AlUE] 2= Z-FAF e EEHPT theatgo] e FANA A2Ee] o&AF {5

7] 913k Ajve] eolth ZEA A QL ALE A b a3 B2 AA] AR AFLE N e 2 o] RolF 7] wlel
o] & True positive AUtz 29} vl stzl o},

FCWA| 2=519] Q1F& 9§ BV} AlUEl &= <Fig. 5>3 Zo| F 2717 A=A o °]h FCWel 3l 3=
= gy 1377 F 13571(98.5%) % E33th(<Table 7> F%). VSC-AQ] FCWAIUE| & F 97floly 1%
True positive AlLHe] 200 3 G== 670 Alvhe] 29k Bl ettt accident type-6212] 739~ VSC-A<} vl sl %t
< W] FCW-T1Z= $313] TUSA T FCW-T29H= A139] 248k 4771 o™ FCW-T39= 52 A¥
9] zpol7}F AU accident type-6012] 7d-F- VSC-A9F vl & o oF AFe] L=0 Afol7} gls ¥ FYUst
= AL o 5 AUtk AAH S E FCW-T8S A9] st VSC-A9 Alvte] 29} frAFSHT
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