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ABSTRACT

This paper proposes a plan to improve the installation and operation of traffic safety facilities
using a microscopic simulation by confirming the difference in the perception method and range
of autonomous vehicles and human vehicles. In this study, the existing 'Traffic Safety Sign
Installation-Management Guidelines; was reviewed, and safety signs among traffic safety facilities
were classified according to changes in vehicle behavior. Subsequently, for the classified facilities,
the installation location of the traffic sign was changed through simulation experiments, and the
optimal location was inferred to suggest an improvement plan. This study confirmed how traffic
safety facilities installed based on the visibility of human drivers affect road efficiency and safety
in mixed traffic flow with autonomous vehicles and human-controlled vehicles. The optimal location
derived through this study is meaningful because it can be used as the basis for revising the
guidelines on the installation and management of traffic safety facilities.

Key words : Autonomous vehicle, Traffic safety facility, Perception, Traffic simulation
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I.A &

A&7 7ee A AAFoE wEA wHsta glom, IdlAE 2027 d7HA Lv. 4 o) A&t
Fo FE3lE FRE Ve EY £EE =01 I dF =9, 20219 69 AlA AEFY WEE=F 7
EA)2(2021~2025)’°] LA (Ministry of Land, Infrastructure and Transport, 2022b)% 131, 2022'd 10€ll& A&
FYAFA AW 7} 7to] =8l e W (Ministry of Land, Infrastructure and Transport, 2022a)3}F5 2.,
202213 11EFE A& Ag o o2 AL dgstr] Hal A& g AdedHkd &
g 9 E o E e NSES AYste 5 7 e Y FXE A% AERE vhsty] Az
THMinistry of Culture, Sports and Tourism, 2022). ©]|A &, 3 @glo] Unt SAA A AFo 2 Aol =
Lv. 4 o] A&FB 2] E9o] /AL FF =240 dnbxtgst &P ApFe] EX) 4 Ty ol
o Fgdel wel, A& wEARY LTS AT Z24F ek uiRo] 2 H 1 UTh

ke A&t FAS A thEAHA u}o}oi’ 24 AXEo] Fo] a3t ARE HAYst= 1T
A Tk B2 o] &A= FI A TS nEUHALE AWsHA ok 28, 7€ =2 FHEAY
HAIE W FHAAE L gt XA Al S 5-} & g e VIEeE AAH JOoBE ASFPAE
F= AA| WA oA Zo]7} EA|3Th(Ahangar et al., 2021; Talebpour and Mahmassani, 2016; Vargas et al.,
2021). HA, 4RE A= Al o Este] wFHHAAIAL-E X (Human and Techonology, 2022)8H, A&
FPatege thokal A ERADARD, LiDAR?), Camera, Ultrasonic)s S3 AHEE 2 QAR w9kl
V2X(Vehicle-to-Everything) EAL B3 ARE A= ukAlS 3| ALR-Sle] 1At} A&FI AL 3
T 7 RAE A AHESHA 2 AOE AEY, 54l 7)€ FY Ao RE Qlste] ARE Ao WA X
st gts SHAe T8 EEAQ AF s Fo] BAEoF gt A=, A WHIAolH AlxHE 1t
A JEE AFSHA N AA E2 433 08 ¢ JonE Fugoant A8t 3 Alde AA
T2 A8 g aFHTE S5 +3ste 2] AREH(Hyundai, 2022). ©]2g o=, ATt
F ANES o83 UA T WEgg wBARE el & Favt Stk T MAE, AE
A ALl AlA L] Q1A WY 7b xpolo|th. Algho] ZRE AT F Qv A Ale W @ UEe®
lkm ©]’o]th(Perry and Symons, 1991). °]ol ®Fall, A-&FPxtF AAE A 7F EA S (Vargas et al.,
2021), #H-Alo] Hato] Aele AIRE FF FAs= Ao wel R/ ¥sE Z ) rh(Talebpourt and
Mahmassani, 2016; Kim et al., 2017; Jin et al., 2022). 7]& ATFENAE o|HT A WHel= T2, AU
WEFE, B FIEE T uFHHA HILE op|ste] EEAMH FasHA AEste ASE YET
(Choi et al., 1999; Camacho et al., 2010; Brooks et al., 2011; Son and Jeon, 2013). ]2 g} AR W37} HE Q]
zlole B2 ¢hd ZAIE X3S o7 EAE RS 4 Q7] Wi it 212k AX J|EH FY
g 71 AEol o] oflgo] SAg mebA, AEFPAFY BN 71E AFHHANEE JAAT
U MEL AR 71E i AR HEZ st
AR AE oL,(-] F3) Z0] o] WESHAAAL AW A 3 tl:]§]_(§§ﬁ]—5(‘)]:’ %Hg—ﬁ(‘)}:)
WEMAAAL Y] PF FiEo] AP o E g FHT AL FRHS QAR @& HA 7]
SHlate Zo] Fasith o]xH, wEHAAA Ao iz Adbe] Hado] Frtstal o, uE

fa

ot 2
[e]

1) RADAR : RAdio Detection And Ranging, H3+5 LAl ot Hute 49 AR F34 Helg 24 of FH AHEHY
Ade}t £ BA sk FA
2) LiDAR : Light Detection And Ranging, #1°|1AE HXEEo| W&sty Yo| Folr|7kx] A& At 2 =S S48 A, ¥

G SE L% B4 BE 9 5E 549 aAsks 44

.,..

F[F

312 QAR =FT| M227, M1=2(2023H 28)
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A Bdd A7 753 Aotk 7€ 29 A7t wedAEe] AXof wEAb BA 3
of A e BT Qlolnt, AA|-#HE ol Bal| ARA] #A T L AA F4lo] U THKim, 2010; Kim,
2013; Heo, 2016; Yun, 2016; Jang, 2017; Kim, 2017; Joo, 2018). =3 A& eko] FHZ AF F 2o
AR E] weh A, *F EEA B A BHAAA aF Rl A FEFE E4Jeong et al
2014; Aria et al., 2016; Hu and Sun, 2019; Zhou et al., 2018; Guo et al., 2020; Ko et al., 2021; Lee et al., 2022)
& AT va SAEAAT, wEtAEe] A gl &gl et At AT A /il

webs, B dAFolA e ASFPFH dutabFe] A B3 Helo] Apole Flsta mAA
B9 o] A (Microscopic Traffic Simulation)g &3t wEbHA|Me Hx] & & 7AxerS A¢ks}
202 stk ol & e, 7€ wEekd A AA-de] JdrHEs dEs wEddAE T A
A BE WL a7 HE AEAE B WY TR wEt BRI o, 7ML Al EE)
ol dde Fall AJUA ES WA wEtHAEE HA AA AHS FESAUT AlEE el

B ATE e ol FAET, The AL AR Jle BEAAAA) AAANE AEsh U &
ARG AEFYAF 1A B Aol B FAUT 3HAAE AT I BEXRALL BT Ao

4
He} BHea, BRE J1E0l B2 Aol AT BHEC thaiel 4|4 ok sAAE AT A
@ o9} ] g AA B,

. ZEHAXNA Ax] @ ¢z 7|F 1%

L B

1. ISHMAIMe M| 7|E
AFHAANE LS 2w FH NN Aar]oh PARAZ 85I et S Al Agxel waw <k

AFAE FoHEA, FAEA, AANFEA, BEHEA, =W FAZ TR, Z7te] TR} X2 EH%H
FAHOZ FAsIAL Atk AAFA Y HAEAA 7]ES <Table 1>3 20 Eiﬂ%—% ATt [E3E6]0
HAIEIL 9lom, o] 7]Fol| TA3e] National Police Agency(2022)= AlQ1Ad3}F #HSH <t
of g AR AFFE WAISEY ATk <Fig. 1> AFEA 9} 5829 xAbeke] A
A= °F 220m~230m F=7} Fr} o]dl we}, IutA oz Fo)-o 3 ek EA] AglE 30~200m MY U,
A AA FAFEA = A4 @ AATE A& EE - AAsta, AX A7 9AE e a2 i
o} <Fig. 2>& FA o] )3k 42 PF o7 BFE AAE(s), CFE aeh-vk-3-7E(1), EFE &4 A8 (m)2}
g o, o] 7HA9] HABAE s =1=molojof T& At o]9} i, dwdoz A U&& A4E
st WSS 7R ol s gAY e AQATte] BasiH, kAl sy fI3 Az
S5 Ao sttt AANEE A - QellA FEH R FPL&Ee BARle] oF 2-2.5%9
AZPE ARgsta Qon, FUlE g 8As B 1529 AlFAA AHEAZE 125 FAHeE 2525

o R
J
.
_C»‘L
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| i ' —
E E‘ ! L E ) Traffic
s safety
s 8o H sign
p - )
alﬁ Traffic safety sign T T
A B C D E F
1
1
i L \-p A : Perception B : Starting of reading C : Completion of reading
]
E J D : Starting Action E : Vanishing of view F : Installation location

<Fig. 1> Distance between human driver and traffic safety <Fig. 2> Driver behavior responding to traffic safety
sign sign

<Table 1> Minimum sight distance for traffic safety facilities according to design speed

Design speed(km/h) 20 30 40 50 60
Minimum Sight distance(m) 20 40 60 80 110

2. QIX| gAlnt #2|9| X}0|

kA o g ApF A= AT AHERE ol W A, £ AR, AR £, FH AR s
T, WESHHAIAE AR, G F o] VA FEARE TFHOE dAdete T ek 1A H
A9 A, AZHAA AFA AEs 7Hzl Abgo] BEXE AEE e Hdl A A A (Visibility) =
A8 o= Qlth(Korea Meteorological Administration, 2022). 20km ©]Fo]® Al o] £& e, 15km™ BFAHA],
10km¥ 22 WH7F A A= FEHv ol &3 2 i wEo K g

Aol BAD Y BEFOR =
e LA} el B

N
N
o
fru
L

[e)
2 wFoA ARl AEEA] gtk B2 alsolA o] drk 7
A e UGES B F e AZZE M 12 9T Zo] W=ThBroughton et al., 2007; Kim and Lim,
2017). <Table 259} o] AlQol WE ZA| 9l BF 7]Z(Perry and Symons, 1991)o] T2, b= A Ho]
Ikm °oJstY W& 58k, 5o A% 200m olsh(R -2 et Ee e =2 o] &A9 Al 7HE 5
83 A elolth o]& T, dRt A= A jle S VIELE Ikm o)} E T Uee FFE T

AT

<Table 2> International classification of fog according to visibility

Visibility Classification
Under 40m Tense fog
40~200m Thick fog
200~1000m Fog
1~2km Mist
2~4km Haze
4~10km Poor visibility
10~40km Good visibility
Over 40km Excellent visibility

314 QAITSYL=EN 223, T12(2023H 2€)
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TS AEFYNF S DESHAAAL AR E RADAR, LiDAR, Camera, Ultrasonic$} 2-& thakst AA = A
BE AH AR = A v2X BAlVeS 83 544 R Al 2~E(Local Dynamic Map, LDM)S 3l 2

=

= T
gute WS 3 AREsle] AAY FeZ dAETh V2X F2MS DSRCIZIHES] WAVE4H(IEEE
802.11p) B2 7 C-V2X5(3GPPY) Release 14 ©174) BAIGA o2 FEEHM, 54 W& 247 300m oJul,
5km ©]/Jo|THAhangar et al, 2021). 22U}, BAl7|EY] 2/FUY AASRE sty FRE Auf wx] Z3}A
Ao kg FA9 88490 A TES EAY F glong AIMES o838 Q1A WAt EE B
g WEAHRE QASor & Jart ok 2 AMY 1A W9} EA2 <Table 3>3 ZTh(Vargas et al,
2021). RaDARS} LIDARE A& AX ke AAZ A, B3, &5, &5, 52 £X & dostr] wiol
WEJRAAEE AAE 4= glo, o]5 H3)A = vz AlA(Vision Sensor)Ql 7HvletE AR&-3oF it} 7))
2ho] AukAQl Q1A WMo= oF 200m7hA| o, EAof o JEFs ke  Jom FojEo st A E A F-
AA] HA7F AgE o] 71& Q1A W] B} Frold 7hsAdo] EA) gt (Talebpour and Mahmassani, 2016).

r H

<Table 3> Performance comparison of autonomous vehicle sensors

Feature LiDAR RADAR Camera Ultrasonic
Primary Technology Laser beam Radio wave Light Sound wave
Range ~200 m ~250 m ~200 m ~5m
Resolution Good Average Very good Poor
Affected by weather conditions Yes Yes Yes Yes
Affected by lighting conditions No No Yes No
Detects speed Good Very good Poor Poor
Detects distance Good Very good Poor Good
Interference susceptibility Good Poor Very good Good
. -+ =%

52 39 F A0S Pt AEGANHE Aol WS o|HuE LEARANY TFHol U
F o] LTHL Ko et al Q025 LEFANHNN AZHE A0 9wk A S2aEY D G 12
o Fopol ZIEEA GTo BEHHA S A7t AZALL W £ o] §Ae] WBol M=

ANHS BRAAT. B ATNME P RN HE/E AT

HEAE A2ZUAL a5F, SENFL bEF, BF Wal} gl LEIAALE EFOR 371K R
AT, A 24004 AFT 2% 2ol WA kAEA ] M AFNA BF AF AR B
Pstel A% WY BRAAG. WEXAAN L] YR AT thet RS A3 <Table 491 LT,
5302 TR AFHAL BF Wb} gt
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3) DSRC : Dedicated Short-Range Communication, ©72] -8 54l

4) WAVE : Wireless Access in Vehicular Environments, X}%F 873042l X H& 7)&
5) C-V2X : Cellular Vehicle-to-Everything, X541 7|9t 215 ALE T4l

6) 3GPP : 3rd Generation Partnership Project, ©]5%4 #Hd ©A 119 35 A7 T2AE

Vol.22 No.1(2023. 2) The Journal of The Korea Institute of Intelligent Transport Systems 315



REFHRIZT Aurizsel olx AT Welel Molo| uE DS

OIFAIM M % 2%

<Table 4> Classification of traffic safety facilities according to change of driving behavior

Classification Type(Sign designation)

Number of the traffic
safety facilities

Entering roadway merge(right)(107), Entering roadway merge(left)(108), Lane
reduction(right lane end)(119), Lane reduction(left lane end)(120), Do not enter(201), No
automobiles(202), No trucks(203), No vans(204), two-wheeled vehicles and motorized
bicycles(206), Weight limit(220), Height limit(221), Automobile only(301), Straight(305),
Right turn(306), Left turn(307), Straight and right turn(308), Straight and left turn(309),
Left and U-turn(309-2), Left turn and right turn(310), U-turn(311), Detour(316), Biclcye
only(318), One way(326), One way(327), One way(328), Bus only(330), High-occupancy
vehicle lane(331), Light rail vehicle only(331-2), Median line(501), U-turn line(502),
Line(503), Exclusive lane(504), Light rail only(504-2), Unprotected left turn(542), Lane
change(543), Do not lane change(506, 507, 508), Variable lane(-), No automobiles

37

Railroad crossing ahead(110), Light rail vehicle approaching(110-2), Curved
road(right)(111), Curved road(left)(112), Double curved road(right and left)(113), Double
curved road(left and right)(114), Two way traffic(115), Uphill slope(116), Downhill
slope(117), Road narrows(118), Slippery when wet(126), Roadside road(127), Rough
road(128), Speed hump/Raised crosswalk/Raised intersection(129), School zone(133),
Bicycle(134), Workzone(135), Bridge(138-2), Width limit(222), Headway(223), Maximum|
b speed 1imit(224), Minimum speed limit(225), Stop(227), Yield(228), Roundabout(304),
Elderly people(323), School zone(324), Handicapped people(324-2), Traffic priority(332),
City(334), Speed limit(517), Speed limit(school zone)(518), Stop(521), Yield(522),
Roundabout yield line(526-2), Stop line(530), Crosswalk(532), Diagonal crosswalk(532-2),
Raised crosswalk(533), Bicycle crosswalk(534), Bicycle only(535), School zone(536),
Bicycle priority(535-2), Elderly people(536-2), Handicapped people(536-3), Staggered
crosswalk(-)

46

Divided highway ahead(122), Airport(136), Gusty winds area(137), Tunnel(138), Wildlife
protection(139), Congestion(141), No U-turn(216), Do not pass(217), Divided highway
ahead(312), Right lane ahead(313), Left lane ahead(314), Parking lot(319), Shoulder
c line(505), No right turn(510), No left turn(511), No straight(512), No straight and left
turn(512-2), No straight and right turn(512-3), No left and right turn(513), No U-turn(514),
No parking(515), No stopping and parking(516, 516-2), No stopping/Parking around

firefighting facilities(516-3), Bus stop(523-2), No stop zone(524)
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T0kmh® 7P AAsiglon, £ 24 #4 mF ALFAAFY dutde s vER EAE 4Fe
2 AAsT B9, A7 75 @A HHEA Y (AN S A2AA AR S5 oS AP s 4
kol Aol mhE AV FEE AE WIE BAIE P EA| o] AR A, 175m o] HH 50m ©]F
B WM 25m¥ WAsHEA 242 Aol dis] S F Avee B kdmAe] tia dnt
Ao A WS B d 7189 lkmE vk, ASFAAREe] /1A W9l 200mE HAsG T Y

H
W F S Ministry of Land, Transport and Maritime Affairs(2013)°l whe}, 23 i} ZF%(Car-following) 33}
o] WA= S RSV 98l A E nERY & YR AR nel Anl2 & Dol g
3= 1,100pephpl &2 AABIGTE B AT A AlEH oA FEA A7H (900sec)©]™, WEH I =7]
o EA ot AlEdeold &4 Wl w7 wEFes AAdsh] A AlE /\]LL z7] 28(120sec) 0.2 435}
At Ao ®, Ay E4 9 ARAE Eol7] Hal AlEHElAE A (DOl Wl 95% AlEFItelA 10%
oA AR AASH A 4 Alvke] 2.2 Y4 (Random Seed)S WA 3N/ 108 3 & Aol HEHE ALE
SIATE <Table 5>+ £ AT AU ol g AAg Aol

 e)

L

\1 H’I
fru
o Jo

F{E oﬁ&

SX 7\

n:(uxg)z ................................................................................................................................... (1)

where, n : minimum sample size; .S : standard deviation of sample data;

7 . z-statistic for 95% confidence interval; ; : mean of sample data; ¢ : acceptable error rate

Installation location of traffic safety sign (Om, Variable)

AV perception point

HV perception range (1km)
HV perception point Detector 1 Detector 2 Detector 3

<Fig. 3> Simulation environment for lane change(a)

Installation location of traffic safety sign (Om, Variable)

AV perception point

= e e e e e e e e e e e e F e e e e e e e e e e e e o e e e e e e e

o —— - —— o —_——————_——— i —_—— | - - - - - e | | - - "= w> ws W=

HV perception range (1km)

HV perception point

<Fig. 4> Simulation environment for speed change(b)
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o P

<Table 5> Design of analysis network and scenario

Classification Factors Lane change(a) Speed change(b)
Distance(total) 1,075m(left turn bay: 75m) 1,000m
Road condition
Number of lane(main lane) 2—>3 3
Speed limit 50km/h 70km/h — 30km/h
Ratio(autonomous vehicle:human vehicle) 50:50
Traffic condition -175m, -150m, -125m, -100m, -75m,

Installation location of traffic safety sign S0m. 25m. Om. +25m. +50m

Traffic volume 1,100pcphpl
Autonomous vehicles perception range 200m
Perception condition Human vehicles perception range 1km
Failure rate 5%

2) Al2t FSSUEN(Driving Behavior) 78 2

PTV VISSIMS 7182 0 & Wiedemann 742} Wiedemann 99 5 714 23 F£ »dlS AF3ta, A+ 2
X A ¥(Free Lane Selection) 7123 #<; 2}A 712(Slow Lane Rule)2. & TAH F 7
(Rule-based Algorithm)S A]-F3CHPTV Group, 2020b). Wiedemann =22 Wiedemann®] & % 2l A
AFdE Mo g ptEoH, e A A 1A wE ofyzt AeAH] FHS aEdth
Wiedemann 74= A 8743 37 AY9& 3] AAEASH, Wiedemann 9= &/ A Ho] gle 1452
T7HE 3l L= A th(Chowdhury et al., 2005). ool ¥ AFo] AukataFe g % 22> Wiedmann 74
29 7|2k Gk st ARS8t o, A W Rl Af A e 73S o] &3t Y E)
£ YERlth

e FaPY o A, AAZE AZHAR &5 A7) 5(Adaptive Cruise Control, ACC), A5 7
3 Al A28 (Automatic Emergency Braking System) 53 Z-2 FT4aF Hd 272 H=E AJ2Fl(Advanced
Driver Assistance Systems, ADAS)Z} 2 o]® WA H Z(Lane keeping Assist) & ¥ 3aF ADAS7} E& o2
Zkg-gtth. o3 Ax'lE BEEsy] Yal AlEEeld 4 AEFAATF] TP F A FF RES
HA Wiedemann 99 2ol PTV Group(2020a)2] Cautious Driving ParameterS 2-8-3| 0™, 22H7 139
A5 7189 AL AA 72 duEES ARSI ©]F, COM Interface Module= APIZ -8-3}4] Python
zZ2 3 Al A AUl (Time-step)d o *}(Lead Vehicle)?| 55 FF & (Following Vehicle)o] <5
T2 ol Yo ® ARgFon, o i HA HAAA fFASHE WA E ACC THYEHE ZASH
Atk AEFYAFY QA wWae] Ao ARt Z|ukEte] Fshs 43S 7EsEEa, ol w9
2 Ao AS Fhuet AlA 9ol whel 200mE A AT T, AET PR Q1A AR ES 5952 A
%} (Ramanagopal et al., 2018)3}d A3} Alvfch 12 7+ A Ao HASIEE F5313 T

o
24P Fold 2 24 15T U 7o glo] AUE FAT + Yt $84 BFFL AT ©
of A=WA AL XA AN A% R ARwyoR g

318  RAFTSYUL=ETN 227, M12(2023H 28)



A2F @Atz dekxiato| oIx| dhAln Helo| xfojof we WSeHIAIM Mx| 3 2 JHudkor i

(Queue)©] WHAY3HA At o= WEZFS B Q18
A9 HIHARE EE&FE AT E
e FYAAARE AlF S (Time-space Diagram)ol] 7]4¥+3}o] <Fig. 5>«] g_a]-x% 1l HoJE %}%‘3]'04 =
875 A4kt th(Daganzo, 1997).

5 123i, 2 OJ?OM—E A= owixlgoﬂ o
i

where, ¢ : traffic flow;
n: number of vehicles crossing X,
h : headway;
7 period

t

<Fig. 5> Generalized definition of traffic flow in time-space diagram

2) Time-to-Collision(TTC)

Lol hHEA Y tidk Aug e HIARERE AL AP A4S 98 olEl o F S (Surrogate
Safety Assessment Model, SSAM) % 3lU<?l TTCE AME3IATHh TICE & AZAA F AHe 45 &
ol BEEHE HAARE fow AYH T, AF FF FFo)A T3 A7 SR A9 A SRt 2
7% F=o] WA THHayward, 1971). <Fig. 6> TTCY FE F7Fol W& A2 3)9] A& 2L o] &3}
A 4HE] ¥ (Saunier and Sayed, 2010), TTC7} 00l 7}7H24% o £& Al 984S 7HAA Dok

X2 X1

(a) Lane change (b) Rear end (c) Crossing

<Fig. 6> Definition of time-to—collision

.................................................... A3)
d d d di+1,+w
Uy U1 Uy U1
d d dy +1y+w
TTC= — if —2< S22 1 (lane change)
U1 P! U1 U1
X — X, —1
TT0=""2"Lif vy > v, (rear end)
V1~V
X — X, . ,
TTC= S if (crossing)

where, v : vehicle’s speed; ! : vehicle’s length; w : vehicle’s width;

X : vehicle’s position; d : distance to conflict area
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SSAME HIA A % AlE#olAdA A FAAH FYS EA35te] ZAH<
==

=
&) &}7] 93+ 2 1% (Federal Highway Administration, 2008) .2 A2 ZE9| 9} 43S 243}, <Fig.

Kol
7> SSAMeA AN T SEFE HE 4% golojafor, FE A5 wel Y F=(Rear end), A

W7 ZE(Lane change) 181 FT ZFE(Crossing)S T2 4 Uk

Crossing
6 >0,

3

8, = 80° P 4

Lane change Lane change (‘/{
6,<6<86, i 6,<0<86, [_/9

8 = conflict angle
8= rear end threshold angle
;= crossing threshold angle

Rear end
0<86,

S~ _8,=30
o

<Fig. 7> SSAM conflict angle

2 AT Aol A7 o] ek TEol7] wEdd $ FE 9 AEWHA F=ol tajAnt Bt
gom, BE FA it FES Tt 2 AU LHE £4& ST A FEE AR 9
3k TTCO A%k (Threshold) 1.5%5 AM8-5}od(Federal Highway Administration, 2008; Bahram et al., 2014;
Katrakazas et al., 2019; Jin et al,, 2022) SEUFE H7F AZZ AFSSIAT E3, Jin et al.(2022)14 A &gk
213 HAYH] & (Risk Occurrence Rate, ROR)S ARE-3le] FF A3 ollA Fe F AF IF(G) FolA Atz
AR =& 2AF 56 AT BlE B ARE AHESHATE RORY 4HE 212 49 2

i

A

G, ={TTC: TTC < 3.0}

G, ={TTC: TTC< 15}
ng,

ROR=—>

’rLG1

where, n, : number of data samples of Gi; n, : number of data samples of G,

7 kA EA o) T AP dgl ] HIIARE A3
J AA AX] 71% <Table 1>3} B3RS
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I FEALE EIFEAY. olEe Ade ns ATy ol AT (California Department of Motor
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