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ABSTRACT

In Korea, tollgates are designed in a complex manner with the coexistence of Hi-Pass and Toll

Collection System lanes, frequently leading to traffic accidents. Despite the continuous efforts of the

government to improve tollgates based on an analysis of accident factors, incidents still persist.

Tollgates require drivers to be aware of numerous circumstances and events within a short distance,

necessitating careful consideration of several factors and circumstances when analyzing traffic

Received 19 July 2024 accidents. Therefore, this study applied the Term Frequency-Inverse Document Frequency method to
Revised 16 August 2024 traffic accident data to identify the factors and circumstances. Subsequently, the tollgate traffic
Accepted 4 October 2024 accidents were categorized. Finally, effective tollgate improvement measures were proposed based on

the categorization result.
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rights reserved. Categorization, Network Clustering, Improvement strategies of tollgate



UEER2 E/0IE WSAY R¥sE ¥ UESI AR T8 SH0|E JHuEot £ A

I. A

rf

1. IR

U EAICIEx 3]s 2kZ 9} Toll Collection System(TCS) 27} &3t 534s Je2 AA = o

Ao AFEe FAINA, 57HE 5 34 FRYEHE obrIstaL Ut o] 2 Q) EAICIE F3tel| A ¢
WAL RIS At 9lom, 53] 2022w EAIOIE Fo] ATt Asds Bsta 9AE
VEER WFAL F Al WA 82%)2 A L}E}%E}(Korea Road Traffic Authority, 2023). A& =2 E7
o|E WA o] wEAAL} AEHH o7 WYSHHEA I AFolA s AEAL e 9% BdR LS
= AN LA k. O T 3 AdEAARES, ZXM) F7F AAE 20149 oiv] 20180 WEALLE
32.6% 7r2A1Z] ¥l ATHMinistry of Land, Infrastructure and Transport(a), 2024). ©]9|o| = Tix}E sfo|3fj 2~ +

S5 &l stolgj = AR Fo] YojA 1 AAHEC] FolEHA Heksta kg Fao] Jhsason,
o= AAA °H/\ oL "h—"ﬂ‘ﬂ' ARE BRE HoH A4 FAA FlE AA A2H(F, AUEE
B) 7les 1 AR o] AHAHOZ T3 THKorea Expressway Corporation, 2021; Ministry of

Land, Infrastructure and Transport(b), 2024).
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1) LR EA0IE R
U] B EAO|EE manual toll collectionMTC)H electronic toll collection(ETC) xHilo] Z&E3te= AT
211 E7] o] Etraditional mainline toll plaza, TMTP) W] 0.2 o] 3 Q). TMTP= MTCS} ETC 241 9]

b B
FESE EFAE S T2 AAYE e 79T 5o dF IEERgAE EEEHFS 581 aEAL
A 4 37 e MTC9F ETC AHde] s 8| FeQl sto] Bl = EA]0] E(hybrid mainline toll

s -4 531 Ith(Xing et al., 2019; Abuzwidah and Abdel-Aty, 2018). HMTP2] 7% ETC

g MY 9 ARE T8l 4 Z2 AR flo] vt Tt 7bssith Sl A TMTPSF HMTP7t
CRotla= %“49& EACIESE &93tL Utk AT tAE stolujaet AMEER AY FHoR s
Aot shEake] 2 8% Yo7 <lal| TCS Ao st=4t stolaj ~7} =&

she sﬂa} 2 £95tn Atk the <Fig 1> T1F9 TMIPSE HMTP £934I BolFa qlck,

(a) TMTP
Source: Safety Evaluation of Hybrid Main-Line Toll Plazas(Abuzwidah et al., 2014)

<Fig. 1> TMTP and HMTP Examples

& } %%1 A 2F2 71 sho]gf 2 Al2=Elo] ZHAE BR(TCS A= o] 8-S A% 71, 2 WA 5)2

Bebsta £ 84S A7) A8l =9 MEoE Stolajx 2 MEw 2Y 5 U Tes
&85ty BIEE TAY TH LTS FH-3F= A0 th(The Korea Transport Institute, 2018). =] ol A+= 201610
8Y "AlA} F/MERZFHAE oA ~tEEY EYAYS B3 vF QT Ministry of Land, Infrastructure and
Transport, 2021). 20244 595 E = 1EEE A RA(HGAD), GlAA DY, BT 48, B4, Hu
A, Fed, £34h T L8 PRl 2ntEEY ARAYS F33kaL ST Ministry of Land, Infrastructure
and Transport(c), 2024).

ol o rlr IIQ
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T s Mad A AAE Bl AFoE FRRE Fdshe FHE TR o] A Ao
< A-E3k3E Al 2=H’lQl all electronic tolling(AET) A| =8l A&t Utk 53], /fuths H %2 & AETE =9
iz ‘4’3}3 AR, A AR g A F5AE AEate] HaA2 o2 st Aok ol ¥l W= 5o tf

29| AET S 37 A E MEaog2 &93F3 THKorea Expressway Corporation, 2021).

3) CIAIZ sto[ofA

E}i}i slo]afj 2= 2~47H9l stolgj 22 AR E W st el A2ZAHH o] & F UEF AE FE A
AES A ARES FH3te Zlolth gAR stolies 7|E WAR fojdjaRTg ME £EE F
7} 7hsstH, A2 Fo] gol LA} st BAE 4 Aok =ul OALR Sloluj~s FHo= Qg &
F2E 20219 71F A2 S A 64%(1,10000/h — 1,800tH/h) E7HHoH, & HAZE D EALL
7} 18%(2018'd 387 — 2020 317) 74T Ao 2 YElyt) ol E Qs talE slo|uj A Ay} Y=
AA IEER EAO|EVF HAHOE AR stolaj 22 ASEI glon, 2021 7] 82709 B4l
T3] $59 Aelo|tMinistry of Land, Infrastructure and Transport(d), 2024).

9]0 A= open road tolling(ORT) A| 28102 Wity Qlom, o] AETS FU3HAl HET Q12 AA
£ 53 BYEE Ao 2 st Fulolth gl AR, A2 E Y] "ol s AZAME ¥
s FFAA 3 As T Avlae AFetA geth vt T4 AT v =] IR FolAE B
=7 Ao 8F g AHEIE 1EElY ORTZ 33t EAIOEE 93t $Uth(Korea Expressway
Corporation 2021). th& <Fig. 2>& U] ARtEEH I} g2 slo]y 2ot}

(@) Smart Tolling (b) Multi-Lane Hi-Pass System

Source: (a) Press Release(Ministry of Land, Infrastructure and Transport(c), 2024), (b) Press Release(Ministry of Land, Infrastructure
and Transport, 2021)

<Fig. 2> Smart Tolling and Multi-Lane Hi-Pass System Examples
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Xing et al.2019)= T W EACIE AFFANA Y ETCS MTCO A S Hrlketalom, 718 735,
5 7 837 £ FUeE Yo AFE FgsHn 7033 7](unmanned aerial vehicle, UAV)E &
3 £HE YL 9 T 2 AF dlolHE FE3F FE48A7H(time to collision, TTC) A &E T3l =}
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FE AES ket 53, dY mevlE 2X2Y BYS B BYE A 59, A 78, 5%
2h2 gl X7} b WX & FS vlastgith 1 Ad, ETCS TTC 2 2.18% MTCE 233%
FZH A MICRT} ETC7} ] =& Agt&Es 2 93] 25 9)do] t 34 vephgdth =3k ETCY
o] E3td x| A AFol ¥FE F= AT Z AR YEon, MTC AH#o] ETC A&
Bt 35 Yol & ZoZ Yeth
Song et al.2022)& EA°|E W 1% A5 AP HUish] 8 EFEA R
3] MTCS} ETC 28 A% 93 A4S Avuagth B4 degs g 43, £5, 71Es, 8F
A #9, Y B o= AT I A, ETC Age] 854 F2oAM AR+ 344 &
o2 FY3h= AFo] Jom A e] HIREHA o] FAq A= A oZ YERRTE MTC A2
18-S SRl 7 A2 tir1gEs ol ARE 3
B 4% AAETE FolAH, &3 AFo] shE & o 5
HZo] ofH & Zlo] T8 ARICRE ATty I EHSZE v, dEd,
2 2y RN AE AR dHo] Qe AOE YEyh
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Giummarra et al.2021) & &5 Bl Eg o} Fol|A FASt= B2 TEALY EAS FH3I2A H2E nlo]

9 7IHE A3l A TE B4E ERSIY oits =& ol 93 2010 5-E 20161

& 33% o1 qualitative data analysis(QDA) "lo]H E-& A&
sle] H2E dHo|HZREH wEAY 43S BEFIT wodstats: B3 F8 Y =S FE5H gHS #<l
SRt It o 2e A9 HolHe FAA ASS T8t A 8% A4 AL T AHAE
ZAFe AT O A, B A A4, 7AY A3 22 af A4, Bz du g o FE 5 A4 B
£ 5o] F8 ez EAFH.

Kwayu et al.2021)= Az oA S =2 X3 5 89 A2EZREH F8 EYS oty EYy FE
2 913k A k<= 53 (angle, head on, rear end, sidewipe, other) 7+ A&A ol thal HrlskAdth o] S8
structural topic modelling(STM)J"/} network topology #4 7|HE& AME3SITE F 60719 EYS F& T ALA
Aold A B F¥S 2 EFof| gy & F3E T8 wFAL 8R1ES ST O dAIE, angle
I #Ad" F8 E'—”n? 76*]4/\] w7HE, #34d, 2 WA ol ATk

I

m{m

Esenturk et al.(2023)= D EALL HoJEE BA4l5le] AVI} nlFE 4 & ohaksk 938 A3S 2dsta
olF 7|Mto g H2E AU L& AAIAY. ol& A8 2016\ FE 20181 Alo]e] F=o) A dAS nF
AL HlolH & 43131921 robust clustering using links(ROCK) &18|&S &85l H2E HoJHE 73

slatditt. 1 A3, F 20719 EEJJ‘EV} Qoq o Al Y-S Z Uil e Se2EE gl A5,
O A & =29} ozl B v XA Bz 9 22 9 EA9 FE, ‘wAEAA 9
& LA} AFS FHEaL 9,19_”4 2tgo| U]llEiX]ﬂL]- AFEE A3, 5ol E2HUT S22 W
71928 B8 YIS TEF o]F JHto g AV ¢kAA HAEEZ WP EE Husink

Lee et al.20200 7191 UEST &4 F & A7 FAE AET &+ e VESZ S82HT ¢
TEES v E B4 edge betweenness(EB), fast greedy(FG), walktrap, leading eigenvector(LE), louvain
algorithm & Hla % &Aoo, I A3 U ES T Ze12HE F louvain FgFo] BEA, AAIZE
SHAA 7HE 53 A5 s BHole Z0E Yo O30 2 FG ¢1gFo] 58 455 Hol
+ Zo& eyt
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3. AlARE
SA0lE EAT B4 B AW AFE TRY A3, BAOE 7] A5 WA v e Wol 77
o Q8| AF 1 2E R4 % AHWAe) 2750 FEAL} BASD AT F& FEAT) 3T
& VAL SRE FEAOE A% £9, FUL A4 49, B 204 54 5ol AT £, =
E N ZEAT 48 B4 B9 Q78 D39 4% 9252 243 9 f3ssld ERold wass
D 55 Aned 2 A5S £ESAT. 5, A2 ATEFE AnuY FAHA LEAT 82 0
dlell ZAG S wEgAL A4S Fstal 213 Al 3t AAAE B st kA S Fskar gl
AolE ML $UT 1 B3 & 5 4 714 29€ 29 )

M. &AL 291 733 2 EYA I8P 7 2 AL 3% =5
1. 2MH0[E

B AT E IREZFA AEAL HolEE EAOIE 3o FAAR] ALFEE A 918 7]
ZARE &gt Atk ol& 93l 2018~2022 IEEE WFALL HolH F EACIE 1 f A
g AR 8ol H2E 2o ' AAE] Qe 4819719 wEALL A HlolHE FHSHAT wEA
T o= 54 7t ¢ T wFALE BF 2 2o R Y 7IRF ¢ wEAal 3%

© ¥ gEth WAL FftRrt E ALFES FAEHAE St EACE AT
7] 913l 4819719 HolE F WAL AHET}F Frd AllsH D HolH e Aefst HF
9] tlolHE &4 HolE 2 &8stttk olu, 433719 HolE e A l"ﬁr” tolEZ A&
£ AET 23 4337 o]ste] H2E HolHE &3t Fou3t A7 AAE =ET At
S THAddiga and Bagui, 2022; Go and Hong, 2022; Lee et al., 2024). ?l', H2E fo]Ee H
34 ThsAdelu Y BHE flal F2 AFEHAL Qlof 43319 HolB = wFARL Al ﬂHE\j
st ol Adg A7)t ddskoh

e

ofr
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(o fo
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FFEZFANAE FL LFAD AAS A4 A, Vg 5 A b 802 TR Yok 29
%, B, A PIEN, FURF 202 27

< 2z &
o Aol A4S ASHA A, JIE, BER
2:5_}__

o), AFRE AY 02 A A LAFOE A% AT} vhe AN vhAtes
Pk, AARY, FURY, cUE, TES, S2AY 59 08 £ /)% BFOE A% At B
gt WEALL 891 F8 WAL 9%lo] AAske A5 L Hl &L TR <Table 1>3} 2t}
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<Table 1> Result of statistical analysis of traffic accident factors

Classification Traffic accident factors Frequency Ratio (%)
Speeding 23 53
Failure to secure safe distance 2 0.5
Driver Drowsiness 52 12.0
Attention-free 251 58.0
Improper overtaking 1 02
Others 53 122
Single-vehicle fire 6 1.4
Vehicles Brake system failure 10 23
Vehicle part detachment 1 0.2
Others 9 2.1
Road debris 3 0.7
Road conditions 1 02
Others Jaywalking 3 0.7
Overloaded vehicle 6 14
Pothole 2 0.5
Others 10 23
Total 433 100
3. WEAD RO 73 U uSHY =&
1) L
<Table 1>014 ANE DEAT 29 B F FFAT QTS M TE TAHY BEAT 43S Bl
T 57} gk mebd B AP NE 9AER BEAT NS AP A4S ZEAD N8 HolHE ¥
Yool ol HA BFF 5 Y TFF DEAL FFEL £ oldF READE PAH] AT

101 E JRARM-S A A St g

ol 93l wEAL W&o 3 dXE HAE AR FPstaa 3t H2E AA s mdY
AEAE Eoln &xo e dHolE #4& fla Zad Agelth augo® "HxEntoly 7Y F
TEIDFE AH838lo] @old SRES ALt 5 T8 < SAUE 100719 TolE =E5t] wFAtaL 4
FS FEgste 71eS == @k TRIDF of® doj7t 54 4 WA drhd Sa3 A0A |
ERJl= d 83k 7R o] tH(Choi et al,, 2019). 1007] T XA 7|EL 7|E AFAHEE AES A3}o|H, 7]
& AFoAE BE 5070004 2007) Atol] TES AFA T o3 &&35ka glo] B AT A= 100
7Nl dolE =&3t31AF $rh(Liang and Niu, 2022; Zhou et al., 2024, Kang, 2024, Go and Hong, 2022). &7 A,
1007 ©oof AZAE SHsl7] fla] 49l 10070] Tol7t HA| 43371 9] H|2E tolE & dvF AT &
UAEA Flsks S FPstaa o v o ® WAL A 733 7IEe EUE AIUE F8
Tojo] F83} 7IEs Y T U ESA SYUXHT S FHst AR 5L dof Y 23S T3 uF

NGRS 23S Bk g2 BY P ABAT 4Y £ 59 AAE 0% <Fg 33 2ok

Vol.23 No.5(2024. 10) Journal of Korean Society of Intelligent Transport Systems 7



(Step 1) Text preprocessing
and TF-IDF estimation

(Step 2) Classification of situation
and factors of the accident

(Step 3) Network clustering
analysis

Collection of
traffic accident data

Classification of accident
situations based on TF-IDF

—%

Data preparation

Derivation of labeled words by event

: Classification TF-IDF Words
Preprocessing .
of data Type of lanes Hypass lanes Network clustering Model
. General laj > & T
Text Standardization Type of lanes nery anes
M Speeding vehicles
dat Elimination of Maneuver Lange change
Stop-words ‘Weather Rain a
. . e -
Tokenization e

Estimation of TF-IDF
for each word

TF-IDF score calculation

Labeling of accident factors
in the text data

Text data : An accident in which a freight vehicle
entered a hypass lane and collided with a facility

N\ " while attempting to change lanes.
N Word in text data Labeling
M Freight vehicle Type of vehicles Intcrpretaﬁon of
_ o Hypass lanes Type of lanes 5
Hypass lsanes 7 Funcl;04115error ¢ Lauge7 gl;}ange > Change Lane Maneuver analysns results

<Fig. 3> Categorization of traffic accident factors and situations, and network clustering procedure

2) TF-IDF 7|8t £ tho] =&

B ATAE <Table 2>9 A FsHe BT AR AX W2E vlolg] AXYE FASH] A3) <Fig,
3> Aol Wet g0l $Y, QF 54, EFEA L Aupy AA, B8] A2, Mecabko 718 FFo] Fela
B4 o8 AAYE FASAT 015U NEOoBE FOANNARAY T HOE, 203} Dol
£ AR, SRl st HRA Stoldls B3t ol onzh Rou} thad £ Helsh wolar)F
U3t FAY B) HFE $oIFYS FANYAT BEIRE AF, =4, BT 2 5L Bolz A
stk ofm, #gol AT Aol w4 A ovist gl dolF AASHE Holth Mecabkoo] F5 A
A AR B3 WERORIA AGHE ARGAGINLAE, Y, FFAE 5B Posan

)

|

oo M X

<Table 2> Examles of traffic accident raw data

Classification Raw data
The accident occurred as the vehicle was entering tollbooth 3 of the Guri towards Toegyewon direction,
1 where it collided with the vehicle classification device installed on the right side.

The vehicle came to a stop facing 12 o’clock direction.

The accident involved the patrol car (#Vehicle 1) entering the Namyangsan tollgate entrance via

) the Hi-Pass lane 61. #Vehicle 3 (sedan) abruptly changed lanes from lane 2 to Hi-Pass lane 61, causing #Vehicle
2 (sedan) to brake suddenly. #Vehicle 1 then rear-ended the rear of Vehicle 2 on the right front side, and all
vehicles came to a stop facing the 12 o’clock direction.

The accident involved a tanker truck (accident vehicle) entering the Hi-Pass lane at Seoul San toll plaza. While
3 attempting to re-enter the weigh-in-motion lane after mistakenly entering the turnaround lane, the vehicle collided
with the barrier on the turnaround lane due to driver inattention.

The accident involved a passenger vehicle (sedan) traveling from Naengjeong to W.Gimhae IC. near the W.Gimhae
4 IC tollgate exit, the vehicle abruptly changed lanes from lane 3 to lane 1, striking a traffic sign and coming
to a stop facing 6 o’clock direction in lane 1.

8 OIFTSYR=2N| 233, M52(2024H 109)
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i}

A E 3 T TEIDF 714 100712 52 Tols
10071¢] F& dolE thsf e Tolgo] Al wFA
A7 aEAL Y4 H P 75%) TRIDFS 8 ol

2~

bl
“i“'

3t9th It 2+ TFIDF 7o 2 =&
&= dukt At 9l=A gelsiith
et ee SAskATh wEHA, s o

=

i

S8 7t 5A Y89 EAS 8 oE AT £ JE 583 ARE Xt 9o, uEAIE B
A F YE 223 2498 sty th TS <Table 3>+ 1007] £8 ©o] = 20719 @} TFIDF 2
3 QA S HoFET}

<Table 3> Examples of TF-IDF estimation result

Ranking Word TF-IDF Ranking Word TF-IDF
1 Hi-Pass lane 51.607 11 Equipment 23.004
2 Entrance 48.117 12 Facade 20.746
3 Facility 47.241 13 Barrier 14.350
4 Exiting 34.015 14 Collision 12.897
5 Exit 31916 15 Drowsiness 12.805
6 Ahead 30.592 16 Entrance 12.246
7 Freight 29.845 17 Side 11.126
8 Shoulder lane 27.092 18 Guard rail 10.491
9 Diverging area 23.275 19 Weigh-in-motion lane 10.400
10 Toll booth 23.034 20 Trailer 10.167

3) HIAEDNO|d 7|8t WEAIL 735t Y UEST S2AEEE S WSAL 48 =&

TEIDF 7|90 2 ©2d dojE &8t wFAL F8S E7/ste o4l 7k 71FAardel, Aars]
A, AARFA 2, SAWA, AL S 71EE FAAQ] AEAL 820s EEE T AR
433719 WFAAL W&o wFAL 33} 7|ES Pt HEY A SH2HPY S AT teolHE 753}
AT 71 E 2 QB FL WAL AEE EE37] 8l 719 E 1 ABAE Fotste] S 2EHE S F
P 5 = AFUE &4 duE(ouvain)S 53 FIES EH3GH. Y ¢rEEFL UHE UES
AA AFUE S F=317] 93 daelFoE, s FH%e AFUEE FAs= AL ot +
AR Ze= AFH AFUEH F2E At &t AFUE S 34 (modularity) HA3HE T3l 743t
= dugEe g ARYE 4 WS g3 ZthBlondel et al., 2008).

4, B =ES APT HE ARVE) Bl 2L 24 F 24 ANE ARUE 9om

Y et dY ARUE] G31A] B, BE wEo tal ExHo2 Fgstel 240l 71 b )

AA WBA Dok T AAZE A BANN A4S ATUEE AT A2 ARUEE 48T Fol 7]
Y

{0

[ed

2 ARUE 3 AAsY B2 AEAE PA shuel 9a AP a0eoR FUF ARYE =
S 2 YaE A2 VEYINA HF ARIE] B self-loops 2 thAISte] 240l B olg F7heA
WemIA T GAE wEste] AF ARUEE A4S BrkBlondel et al, 2008).

Lowvain 412 ZS 2 43le] FH2E YL £33 A3l 3 A Ao 120z ZF2EY =Ytk 129
ghld g 71 =d g 7RIS 733 71Es AT Ade v <Table 4>3 2ok OF 19 A <&
Fatzo| o3 stk BExAE T Ao pEE S Y5t i 15 T8 dolEs AvE
H g A, etz I3 wEAL B4, TCS 2z, At AldE S, YR, 2] FAET, Ao
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AW A, 342, Stola) g 2FARI E4E AR o) 02 P2 715Av} A Ukt old),
2 VAL 5255 A WA 7191 1 B4l Bk AL PRt 1 ggoR 1% 25 1%
%} S8R RSl AT 24 BEAD U2 AUYE FAAE AT 28T 2547 WY

APFFT SLF AQANA BA, 42 A DEAL WA, AER, sols 2z, ¥, A4E R 3
5519 DE3E, 142 9 2342, 2284, 6342, YWk 59 02 3 AFAY} BA tehd Ao
2 Ro} A3sky} T3} 751}1] A £8x &8 o AP o] & Ao w AT A
02 1§39 A% A % 52 A% o3 BEAwe Sude APenh. F2 Tolsg 4nR A
3 BATG, 59, B4R, AU 35, 402, ©5AT, ASEAAT, 29, A4S B, AsAy T2
Sol ¢o 92 AT B et 5 4 To% 59 WA, 1%, A 4 5 5ol 15 ) @
o] we Zlog Budn

<Table 4> Keyword clustering results based on the louvain algorithm

Group Keywords Link weight Accident types
Sunny 0.2129 Weather
Freight 0.2081 Accident subject vehicle
TCS 0.2022 Lane type
Facility 0.2016 Collision target
Entrance 0.2016 Accident section
Attention-free 0.1607 Driver carelessness
Restriction of freight Shoulder lane 0.1602 Non-drive section
truck’s target lane driving Lane 3 0.1554 Driving lane
due to mixed lanes | g pags lane and Weigh-in-motion lane 0.1281 Lane type
Lane 5 0.1104 Driving lane
TCS and Axle load lane 0.1052 Lane type
Novice driver 0.1042 Driver carelessness
Bus 0.1022 Accident subject vehicle
Poorly loaded 0.1006 Driver carelessness
Entering wrong-way 0.0096 Driver carelessness
Proceeding Direction 0.2024 Non-drive section
Passenger car 0.2021 Accident subject vehicle
Diverging section 0.1973 Accident section
Hi-pass lane 0.1853 Lane type
Rainy 0.1596 Weather
Secondary accident Multiple collision(facility/vehicle) 0.1396 Collision target
oceurrence due to Lane 1 0.1360 Driving lane
worsening weather and
driver carelessness Lane 2 0.1331 Driving lane
Driver sleepiness 0.1295 Driver carelessness
Lane 6 0.1080 Driving lane
Speeding under normal conditions 0.1003 Driver carelessness
Drunk driving 0.0999 Driver carelessness
Closed TCS lane 0.0990 Lane type
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Group Keywords Link weight Accident types
Speeding under rainy conditions 0.0903 Driver carelessness
Pedestrian 0.0889 Driver carelessness
Mainline TG 0.1799 Accident section
Cloudy 0.1670 Weather
Toll plaza section 0.1566 Non-drive section
Vehicle 0.13890 Collision target
Lane 4 0.1316 Driving lane
Single vehicle accident 0.1300 Collision target
Single-vehicle accident Brake system failure 0.1190 Driver carelessness
due to vehicle and road Cut-in 0.1168 Driver carelessness
defects Facility defect 0.1004 Driver carelessness
Excessive and abrupt steering maneuvers 0.0996 Driver carelessness
Lane 10 0.0949 Driving lane
Safety zone 0.0916 Non-drive section
Lane 7 0.0895 Driving lane
Maintenance deficiency 0.0864 Driver carelessness
Lane 8 0.0842 Driving lane
4. 24
EEAZ oI SFBA] BEAZ T A 1FO| BolEL AvnW HEA L wasl L Y
A7k ol Fe YA ¥ FEARI) £4E 422 A F AT B 5L 1019 5o &4
A pReE Qs ANEE F4 F R s At BAE F ge neiEr 242 feqd
AR AT R B FS ARAYE AT FAHUT FeRYoR ) AUES FASHE A5
VB, FER sl e ARl B AT $HE ahael 24 WEALZ ololA L AN
o HBAY 02X AT FYOL s FEF ANNAL FAFBA LEATLIL BAT SO BoE
O EQ, BEAY AAE AvnE FUAL 3 3, 5327k AuAol gl AT Hol TCs Hze} shol)
2327} BAFEE WOl PN £AA Bae] HL& ETCH TCS Aol R A2 BASHA At
AT A0 BUEL Igert 3 LA RFe 9B 2% WEAL L 1E] Gol5S TP u
W7 ok dol 87} Sl AR E FARUA g, $F, 2L F LAA $R=
ANAEE 9 A & dEFEst] AWM AApshs At 28T 5 lee BolEn 59, Hldd
&0 QA% FEAL WA= ASE Hof ofofd =g wEAale] 9FE vAE ALE ddd.
3, BEAT 99X F 1, 28527 UBG Ao vl aEdd 1F Fo A2 FR7F dBAel Z Ao
= BRI, AN A L £ A S8 HEAT 156l AIAE 52 BAel B4 B
4 T0R 39 3 ASALL, A %t 5 A% AAAFOE AT WEALYG EE AUE BFOE 9
o BEAFEAE L SO BFAW BT 5 ST HelETh e <Fig 4t 15 24

Aol tht =43} o Ao,
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<Fig. 4> Examples of tollgate accident diagram by groups
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].
o7 QE}. fx}%i}-lzi;ﬂ%—ﬁr F AsELEAA 712A 3,
A= 20259714 B2 A AEE A Udt= ITS 52 35, ALE Fo gista, aEAk
T 9F AuE AYEE CITS AR AS FREZI %L%E% 74]@1 otk &3 20307HA] CITS AHIAE 2
T2 o2 s Uz A& o]t Ministry of Land, Infrastructure and Transport, 2022).
wela gA AFE A dAL 7o R thFr)E 20259 RE 20293714, A7 203019 2 203543
AR A3t FA| Aol AAAR] EACIE MAE}FE AAStaAL gtk 53], G302 ITS 2
CITS Aulx =z 54 T2 $FBHoNA Y AX OJ :LFJ A7 2E EE Vet E 5 =2 AR
oA MRS EE3t A A WS FHstaAl gtk

OIA
Rl

2. B SH0IE JHMatot

37 ARG eRE CITS 75 A8 A %4 Avlx 71 das Agt. @4 sEn Tl
A R S7HITS o19A] 300 mEd =2 AF3L AL B Al tie-ae, wEE A, S5 5
Ay 24 ol %Xl% S o Mul2E AFstal AhMinistry of Land, Infrastructure and Transport, 2023) =
By das Ay Eﬂ Sxshs ARE FYPstaral sk el MY 8 AERelA
o9 F2 XJ% T g7 A FAT FRYHE HoluA AL e st k. 53, gt

2 FYoR QIS seat =gt FHAHE FASEA wEgAr BAsta ot w
AAFHE AL = Y= CITS AHl27F B8 d Zlos dddd. & dTolrs o2 4
=

B A%
Fol e 5 Yt BR2 M AR 2 AR FY Abs A GYS AUSHE CITS LS A
oh E, SolARE 3 F B AZE FYHY AYEe] FFE AEHBA BT LFALE ¥A

8] 9la) Bz stoluz: St F2 AL
A7\H Aeto s B2 JSE A AT @A) S B0l 9] 29 TMIPS HMTPY}
E5Y PHOE BYA IHTEE WA ek 5, TCS AZANME TCS A2 HER B2 (3ol
5 %3A), TEAZICYINL, S8 57 A LGHAA 0|2 IF F9 Eeto] 47
o WS Stk ol dla FF Tcs AZE FAshe HBA A9 FAAE TRoR U5 A0S
8 FAME0] ASHOE AT O AT debd AEHOE B0ES AHT Bt o,
A2 Ao n Ut GRE ol &9 FeE F43HH TCS AZAAE TCsSh SEA AEE Beloh

ot

[o I

b

4 2 EACIER MNAdste AL A 01% T WAL A a8} i AR B E
ETC z2te] A48 F347F 7Fe8l A ETC Ao Aewrt S 202 Addnh o5 B EA0E &
FEES =Y o= AFHY t2 <Fig. 5>5 Abuzwidah et al.(2014)7} A A3 A EE)d EACE 9
Aot
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Source: Safety Evaluation of Hybrid Main-Line Toll Plazas(Abuzwidah et al., 2014)

<Fig. 5> Example of tollgate improvement before and after
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