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Abstract

Considering the high cost of road traffic accidents in Korea and the characteristics of
accidents at signalized intersections, a study on the severity of accidents at intersections is
necessary. Especially, if an analysis of accident factors at the intersection approach is
conducted, it can prevent intersection accidents in advance. This study analyzed the severity
factors of rear-end crashes occurring at the approach of signalized intersections. For this
purpose, data on 171 rear-end crashes that occurred over the past three years (2020-2022) at the
approach of 57 signalized intersections in Cheongju City, as well as traffic volume data, signal
operation data, and road geometric structure data were collected. And two methods were
applied (with/without the use of machine learning classification models). As a result of the
study, the method using machine learning techniques showed higher performance with an
Accuracy of 0.8338 and an F1 score of 0.9058 compared to the method without use. And a total
of 8 factors (road surface, whether the offending driver was drunk driving, the vehicle type of
the offending driver, the age group of the victim driver, vertical alignment of road, the number
of straight lanes, U-turn area, skid-proof facility) were statistically significant (p<0.05). The
results of this study can be utilized in establishing traffic safety measures to prevent severe
rear-end crashes in advance. This is expected to contribute to the reduction of social costs due
to traffic accidents. In the future, it is deemed necessary to conduct studies on the severity of
accidents on collector roads or un-signalized intersections. Additionally, there is a need for
comparing the characteristics between intersections with high and low rear-end collisions on
the same hierarchical road, and analyzing driving behavior data.

Keywords: crash severity, F1 score, machine learning, rear-end crash, signalized intersection
approach
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Table 1. Statistics on the occurrence of intersection traffic accidents by location and collision types (2018-2022)

Number of crashes

Classification Head-on Sideswipe Rear—end Backing
Sum .. .. .. .. Etc.

collision collision collision collision
Total 419,561 20,640 221,718 63,402 4,923 108,878
(100.0%) (4.9%) (52.8%) (15.1%) (1.2%) (26.0%)
Inside the intersection 285,828 16,283 173,185 17,654 2,162 76,544
(100.0%) (5.7%) (60.6%) (6.2%) 0.7%) (26.8%)
Near the intersection 133,733 4,357 48,533 45,748 2,761 32,334
(100.0%) (3.2%) (36.3%) (34.2%) (2.1%) (24.2%)

Table 1€ 79K o, Aol gt FEAHT BAL 247} WIs] Sl AR R e 5o

g P a7t ek 59], watg JZ R4 FASHE FEAL 8elo] RAEHTH wAt= U ARl E T B8 a9l
oA Y& 7hsotet. - ok, 15t AR w2 E o= —/F 3l %Wﬂ W‘:}—/F A=
242 WA= AlskorA] e AP qiet. o]FA & AT
A2 stolg AAA A 5o & 2ol 57| =T
T, Fe|of| A= o]n] WA= A o] FEALLL F8AS ACtsto] T A4 E B4 A7 s
8.2 (Champahom et al., 20205 Zhang et al., 2022; Yuan et al., 2023 etc), F==At1L AP Q9 B4
= £ E] o] H tH(Wang et al., 2003; Yan et al., 2005; Yan and Radwan, 2006 etc). o]l 5H3l], &= gy @
B of tigt At 44 EAE Bo|c}(Park and Park, 2007; Park and In, 2009).
oo wie}, & Ao = FHFE FAFAIY T8 AT wAtE HIFA I FEA A=E FAokL, A

SR et AL ] theFet @l (HAYTAA 9l 1A g9l ApFA 99l T2 WEA gol)o] = sl 2}
252 450 59, B2 05 89102 B2 W 0F 271, A5 27 Bt oljel @] AXE Fa
PN E ZF A FUE AR R FEAT A 9T 29L 21 1900 o5 S 2EA T
Aol BEAITR QIR AFSIH ul8 g ERel A olsict,

Literature Review
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WAR TR, EF GRG SOl AT I 80102 yepdon M A9 AR, BY 991, FA, v
3 WESE, B2 B2 TP AR AR P 20102 YERETH.

Khattak et al.(2021)-2 7] of] Antwerp A 9] W2t=2 760702 (A @ W 2F= 198704, HIAIZ WALRE 5627]42) of| A
2010-2015' BMJH 512879 ALTARE ATAZHE G5 991 HAs ATt B2 E Auaast wEef
E2 7|5E Anrt A ENeH BARYPC R SOl RPI} Fokd BYo] ARSI A A, Al wA)
2oME WEF, ot HL RO JHEE f7, WAR HEZo] ARHAE I 8Qloz yYEton, HlAle
AR E R HLeo JHHE 7 R g HI2] A3 2tz wAtE FEHZFALEAE 9 82
o2 Uehe,

Kidando et al.(2022)-> 7]=} Florida 2] Tallahassee Alof] §12]gF 2271 2] A2 wap= o4 2017-2019'9 A
3049 AR 2 AR E G 89S 2AGII R R R AR WEAE, Sy ATt 4
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Qo AR or A A7 LI 2ALH RYo] ARGE It A+ A3, wakz HL5-0 A,
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2 7% 55, 7IEd, 92 ZoPiE, 2ol AT E JFF 29102 ek,
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2u) 425 AnhPol e ATHAE BT 8-S BASKY BAARE A0AE, 52I15E, BEA
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2,00679] =AY 2t S EU R 2 JHH(IEE 2o Ao WAtR) AFAZE 9k ¢ % B4}
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4767} LARE 2T R A% F,2000-20021 Y ATAR, T2IISTE AR, 352G A2 Fo] 57
sglo0] BARFO 2 SolF AARY] AFH UL, AT Ak, FAAA U EAolG BT FEAT T L
HBPAZ RO FER-RER BE, FEE AAES, AT AN, $31H SR, A8 FHA,

REHSH A5 egol AT FF 2902 e

Yan and Radwan(2006) Tt €]} Zdst u]= Florida Y A5 w222 20013 Al A=t E 27|61 %E A=
5 F4olo] AT 4T 2908 BT BB 2 silahd BRndY ARt A4S Et @
T A¥}, LA A, AlPSE, AATAIZE |13 E =EA ] So] AbTEAY g @910 2 vrepyitt,

Park and Park(2007)-& =] HFA]9] 47] Al w2 1067404 20048 EHA8eE 308 A2] Al A=, L2 7]
7% 9 DELY 422 50 ELLEA AT 9T 2908 BAsAn, BAROR OF 71245 2
olE e o] AMEH A A B Hot € WSH(ADT; Average Daily Traffic), ST7AE, 22 H-841
S, YAEPET L AP g5k Qo1 o 2 vpERyith

Park and In(2009)2 =] HLA7Lo] Let=Tof $)*|St 437 A wAF2 oA 2005 &HEH 92749 Akal ZFa
ot Errloltx @ W AR YR AT wa =] E2 s Sl theh AL o
BARPOE Fols BF|RAI} So|g FALM] A H AT, AT A}, FEEE, 1
20| AFEAY 95k 9ol o 7 vheRtT)

o) AR FEAIT 97 BEL Table 2} 2o e,

Table 2. Summary of studies related to rear-end crashes

e Method Key outcomes
Clesileion Ve A (model types) (affecti?lg risk factors)
Severity 2020 Champahom et al. Hierarchical logistic ~ Incident time, seat belt use, vehicle size
study 2022b  Sharafeldin et al. Ordinal probit Seat belt use, driver’s age and gender, motorcycle,
road pavement friction
2022 Zhang et al. LightGBM, Temperature, weather, time, vehicle type
Random forest
2023 Yuan et al. Ordinal probit Vehicle size, adverse weather, speed limit, driver’s age
Occurrence 2003 Wang et al. Poisson Speed limit, longitudinal slope, angle of the approach,
study night—to—day traffic flow ratio, right—turn volume,
total number of approach lanes
2005 Yan et al. Quasi—induced exposure, Driver age and residence, vehicle type, number of
Logistic lanes, median barrier, accident time, road surface
condition, land use character, speed limit
2006 Wang and Negative binomial ~ Longitudinal slope, landuse character, heavy traffic on
Abdel-Aty the major and minor roadway, right and left—turn
lanes on the major roadway, number of phases per
cycle, channelized right—turn, exclusive left—turn and
right—turn lanes, protected left—turning signal
2006 Yan and Radwan Decision tree Driver’s age, speed limit, daytime, slippery road
surface conditions
2007  Park and Park Multiple linear, ADT, longitudinal slope, protected left—turning signal,
Poisson average travel speed
2009 Park and In Poisson, The width of major roadway, the number of
Negative binomial  exit/entry, the ratio of heavy vehicle
3. AN 9 o1 xpey
M 4750 NETAE 2EAT 7hE GF 8018 T U] /4] SU(THIAH 29, A 20, A
29, E2REA a9)or TREAL WATAA aQont AuA L8, 71L, 94 alo st HME %
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Data and Methodology

Traffic volume data

Signal operation data

Road data (geometric, facility)
Crash data

Data pre-processing

Descriptive statistics

= [Method 1] Use of machine learning techniques
= Extracting critical variables

Analysis of severity factors

* [Method 2] No use of machine learning techniques

Figure 1. Overall research procedure

AFA G LB = FHEL HFAIE 2R ottt HFAlolA wid 3ol= T8 w2 70740 W 2}
£ 7HA 3 P8 AR A O] MR wEE AhRTt FEE Sl A5 et SEAUAEES §
At E2EA Ztal H2A] 7EAYHBEAAH(T-Gis) T 2EE(road view) S £l 225, 1212 &

HAT 59 7|oktxet 8 WAL CAHAS Y], e, v AR ZY) 2Rt == Sl

ES 2 Aol 7P 38t WA AeE FEAYEEY 9 T2 uE 3] WA 22 3 74 DB
of| A A= 9]t DBE Fall 2 31(2020-20224) & A ZAHE i wEAtaLe] AR et 1 ko] Al A
HE 245192 Figure 29} o] wat2 F3t F =AML (type AW 3 72 FEAH(type B) 2 TF-F
FEAL S-S A9t 022 AR {FERNA Y ATV Axt F EAE FEAL(ype O EA A
[e]

= oh3lt

El

ol

tiotu Satal2], Al 424 A 2=, 2024'H 42 217



Article Identifying Factors Affecting the Severity of Rear-End Crashes at Signalized Intersection Approaches Using Machine Learning Technologies

SHE, B AT AR WSl A WEAT SAZY 152 vsich HaAE A AW GEDED)
A EAAS A2 G0l the W97 geks] AR s o] 9 bk, webAl, B Aol A Figure 37} o] 7
2 o] WEAT SAYT AHY DR $LO0Z BRHL E@URE Z8o)H 30m ol EXE stol
NS IR GERAA PYT ATE DA HTL AT fsieet.

Figure 3. Spatial range of intersection approach (from intersection exit)
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SAEE 16915 oVl SRR 2) 2} 2.5t oo skaab7t 2= dnt. 2713 #9]o] Ao FHie 54
A2, 2elile, SR 25k

Table 3. The selected variables

Classification Description
Dependent variable Serious crash (Yes/No)
Independent Environment Time (Daytime/Nighttime),
variables Weather (Sunny/Etc),
Road surface (Dry/Etc)
Human Age of offender and victim (Youth/Middle/Senior),

Gender of offender and victim (Male/Female),
Drinking of offender (Yes/No)

Car Car type of offender and victim (Sedan/RV/Heavy vehicle)
Road Geometric structure Vertical alignment (Flat/Downhill),
traffic The distance through an intersection (Numeric),

Total number of lanes (3 or less/4/5 or more),
The number of TH lanes (2 or less/3 or more),
LT lane (Yes/No),
RT lane (Yes/No),
U-turn (Yes/No),
Speed limit (60 or less/70 or more)
Traffic composition Total volume (Numeric),
Volume per lane (Numeric),
Heavy vehicle composition ratio (Numeric)
Signal operation ~ TH-LT signal operation type (Simultaneous/Separate/Overlap),
Yellow time (3 second or less/4 second/5 second or more),
All-red time (Yes/No)
Safety facilities Forward traffic light (Yes/No),
Enforcement camera (Yes/No),
Skid—proof facility (Yes/No)

7Ho o] B ZEHR(FA) vs, AADNE AEH0 24 Ry o g BAS AQ th40] | 2H4 EQlo
=3 °J J AG% g4 BAZE AR H(Lee and Kim, 2021). B AFoAE thofst Mgy BE BydE
(classification models) 5 #7750 5-5t1L TR HG F=F0] 7otz Aol wheh de8] 851 = t®
A 7 ] B (HE ZHAE A EEHE WA XGHAE) S A4519c o] Yoz 47F Afale] u|x]&= F
8 S B T 2 A 3 EH 0 T8 B JFE S FAH o BASth T3, HAlEY 7
< ggolA] ofar 3|2 o] ApA| A Q] ¥4 A (variable selection) & 2-§5to] o] & ¥ of| gt H|WE 4=

Fstart,

0:

1) g EYAE(Random Forest, RF)

Leo Breiman & Adele Cutlere]] 9J3]] A|otH 3y ZHAE 7|2 a2y Fofo] izl dyz]Fo|ct,
H EZY A E= Figure 42 2ol th=2] QJAFEHJUF (Decision Tree)E AA5Hs 718 SJAFAAH LR ol A= 2
9 A Ao A o] TR S F it Rofto 24 R o] g SE-S Folut BRI E 7IHeE 3
7hEa iek(Yoo, 2015).
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Decision Tree-1 Decision Tree-2 Decision Tree-N

Result-1 Result-2 Result-N

|

Majority Voting / Averaging

Final Result

Figure 4. Conceptual diagram of random forest (Awasthi, 2020)

A ZYAES] 7|t BRI A AY YR = 2] 7|9 R 249 LEQF 1 L, W L E2 LA HT
2919t S L Es B 23] whE HlolH o] 2713 ShEotal T k EofA = s e Eof EAf ok o]
B o] FEH s TFo] gt HlE FEE 2 Qleh HlAE dlofg7 239 L EE Soj e i HolHe 2t k&
of| A et5et 2o oo B71Ech Wk ke Eof| EAbetH A} - Eof]| EAfloke FE5HY] 1F 5 7F B0l =
2 IFo 2 A3E o E3rh(Lee at al., 2019)

A T AEE HEY AR ofYg) AE5Y HEy oS0 A5 2 A 5ES Hol57] gz ge
2ol or &8t ErHLinetal, 2017). 53], 745 B2 Eg] 725 2101 Qloje R4S SERE F&
(bootstrapped) Al &) A= the 54 §4-0] 2o g A5 o] Qlof B eta thabel/d o] @ Fof| #hz] 7] 9d+=

tHChung et al., 2021).

2) MEEHE|H4Al(Support Vector Machine, SVM)

A ZEHE WAL Vapniko] Ater wAlad 7oz ZAHA 9 A48t 44 7|fte 2 ohs o2 544
Ql HAlEY 7[RIk 2] XA 9 HASE 7|9 oto] Ut} @ 7o) Aehe | Astohe MAled 7|
olch A ZEHEHHAL 5 Zafj o] £431 Hlo]e] ZJEEC] RojQlE 2G| HAE st EF7Hoz g
Hdlole o] ni S A2 sh= AAE Fe gargjFolth(Cho et al., 2023).

A ZEHE Al HAEE 7]5He] R3] Figure 59F o] 7H P 291 il AAMS 2] Q19 Algh =

e

- Support Vectors

Class 1

Figure 5. Conceptual diagram of support vector machine (Virnodkar et al., 2020)
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g 27 % A0 2HARE AR T2 F A2e Hole7} o Zeao] ST BT 44 Bely
7 Ze 2ol QB Hloe EAESe] WAL HIHe T 5 Wo] A2t B 2HUS Hujdic) oleig AR
EWE AL 49 Bt op e} Y HRel TEET] vlAY Belg Slat Pole Hao] A9 Ad i

o]-g5lo] 3= 43Ystrh(Park et al., 2021).
ZE

olgfet AZEHEHAS thE 41 E]E ] =2 E745 Y W& (overfitting) o] theh Auta} =4, theF
St AY 45 AR H|AY B, o] (outlier) ol TRt 774 (robustness) 5] o] 9l.om B e} Zho]
H| w2 2ke glo]HAlf M e Fo 5t 452 e o] Qi

3) XGEAE(Extreme Gradienting Boost, XGB)

XGRAE+= gradient boosting2 7|§F0 = ¢4l 2]E-E 7144t 7| ) o|tH(Chen and Guestrin, 2016). E2]& ™
4= 2Eote & FAdoto] a84S ot S S dSotdor Y ZHAE IR 2R Y 3
ARAE shA5H= thEZ el BP0tk (Son and Park, 2022).

WY ZHAE mygo] of g o] A AHUTEE Ao datE Ht

L upeo]glH, XGRAEL Figure 67}
Rolgict, o2 71EA7 A eE 0%

mlm :r;_

7o) 59 YIS A8 F ole] A9 g 2Fste] 2] 715w
2 TAL T ARl B 4 U S AT THER oF Akl e QS Hol T AU HEITH Yang et

al., 2023).

| Data Set | Sample of the data

residual

residual residual

Construction of

decision-trees

Prediction Prediction Prediction
W, W, W
|

XGR2AEE= BER7, 319 2 =9 A ol 5% -84 4 Q= P S 2=t} 50l T2 IE
T= A1 7o vlef £ vt w21 Aot mom e A ARlA =4 R S ofj 4] B o] 7155t
7] wj2ef Hdlo]efof thet HFE A &-8&-E0] -+45tHChen and Guestrin, 2016)

Result and Discussion

Table 4= F5% 220 7145 ATt} & 17149 FEALL F F5W52 ZAALT} AAALE 242} 47
ﬂ@m%>uwmnymo;wﬂﬁsﬂM@&LQTNNL41% TR st

[A], Al 424 A 2=, 2024E 4 221
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Table 4., Descriptive statistics of variables (number of samples = 171)

Classification Descriptive statistics
Dependent Serious crash Yes=47 (27.5%), No=124 (72.5%)
variable
Independent ~ Time Daytime=100 (58.5%), Nighttime=71 (41.5%)
variables Weather Sunny=148 (86.5%), Etc=23 (13.5%)
Road surface Dry=145 (84.8%), Etc=26 (15.2%)
Age of offender Youth=53 (31.0%), Middle=102 (59.6%), Senior=16 (9.4%)
Age of victim Youth=61 (35.7%), Middle=91 (53.2%), Senior=19 (11.1%)
Gender of offender Male=139 (81.3%), Female=32 (18.7%)
Gender of victim Male=121 (70.8%), Female=50 (29.2%)
Drinking of offender Yes=43 (25.1%), No=128 (74.9%)
Car type of offender Sedan=87 (50.9%), RV=65 (30.8%), Heavy vehicle=19 (11.1%)
Car type of victim Sedan=94 (55.0%), RV=70 (40.9%), Heavy vehicle=7 (4.1%)
Vertical alignment Flat=146 (85.4%), Downhill=25 (14.6%)
The distance through an intersection Min=28.0m, Avg=51.6m, Max=85.0m, SD=10.9
Total number of lanes 3 or less=38 (22.2%), 4=67 (39.2%), 5 or more=66 (38.6%)
The number of TH lanes 2 or less=71 (41.5%), 3 or more=100 (58.5%)
LT lane Yes=154 (90.1%), No=17 (9.9%)
RT lane Yes=136 (79.5%), No=35 (20.5%)
U-turn Yes=117 (68.4%), No=54 (31.6%)
Speed limit 60 or less=114 (66.7%), 70 or more=57 (33.3%)
Total volume Min=204.0vph, Avg=1,111.7vph, Max=3,046.0vph, SD=438.8
Volume per lane Min=92.7vph, Avg=266.4vph, Max=609.2vph, SD=84.2
Heavy vehicle composition ratio Min=0.3%, Avg=7.0%, Max=55.3%, SD=5.5
TH-LT signal operation type Simultaneous=80 (46.8%), Separate=24 (14.0%), Overlap=67
(39.2%)
Yellow time 3 second or less=17 (9.9%), 4 second=113 (66.1%),
5 second or more=41 (66.1%)
All-red time Yes=60 (35.1%), No=111 (64.9%)
Forward traffic light Yes=118 (69.0%), No=53 (31.0%)
Enforcement camera Yes=45 (26.3%), No=126 (73.7%)
Skid—proof facility Yes=24 (14.0%), No=147 (86.0%)

HAled 259 A5 TRE g stolHuletn] g Fid-2 of 2] o] EASHAT 2 Aol A= HH
2 0 2 A-g-5H= Grid Search W' O = XA 292 2o w gloEjAle] Eo T3t HH A H|-&<2l 8(35 Hlo]H) :
2(E|2E Hlol8) = EFst3iTt.

T2k 2 Ao R AT Bt HAled B 239 45 Bl A &-85t= = (Accuracy) ol BlE0]
F1 score7tA] AESIAH. /4240 & E7 B2 25D E(confusion matrix)E &85t oS 235 H7lst
=, EFFER= A SHLe} dSH S viAS o]-85to] 7 BRYPE Brkohe Tt AEES A=
St oot B Aot e o] %] EF(binary classification) Aol 4 AA| S22 Positive/NegativeZ L+
oA 9l B B2 MESS Figure 73 o] Positive/NegativeZ -7ttt wahA Figure 748 TP(True
Positive), FP(False Positive), FN(False Negative), TN(True Negative) 2] W] 7}2] 7497} 9FAIgE 4= QIT}3)

Q.

O

3) EABIOJAS FPE Type | error(false alarm)Ol2t 5112, FNS Type Il error(missed detection) 2t Zolatn QS

222 Journal of Korean Society of Transportation Vol.42 No.2 April 2024



YANG, Jeonghun - PARK, Jeongsoon - RIM, Heesub - KIM, Kyuhyuk + SONG, Tai-jin Article

Actual

Positive | Negative

Positive TP FP

Predicted
Negative FN TN

Figure 7. Confusion matrix of the machine learning model

SEYLRE Fol 7 BP9 A5 SHoA A8 Ee s T WA B2 5 TP TN HI g2 27
28-S Yotk 7Hd @<t A B2 Equation 13 Zo] AFE =0 71 de] E-4=1 QAT EAES FHAE
7H2 ol EAlE B7totr] ok ©xdo] 9l

e TP+ TN W

Y = TP FPY EN+ TN

=S S0, Positive?t Negative®] H]&o| 2:8% Extet SULE 7H= HolHMAME BE d5S

Negative= siH 2= FE2] 27710 ALLE 22} 80%5 SHE 4= Ut o] 4 tlolgA e S~ E4ES 1L

o fe
o2

2 og

25}7] 918l machinelearningmastery.com®f|A|+= Figure 83 Zro] 4] 5213} glo|gjAlo] EA-S 13

ot A X B E AlASH Yt Brownlee, 2020).

[¢]
-
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i : \ i Doyouneed : i Do you need
i classes equally i classmore | ! s ] 4
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G-Mean

(o< -90% of | | At
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| ] l ]
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Figure 8. Performance metrics of binary classification for imbalanced data (Brownlee, 2020)

2 A9 5 A B Figure 80|41 et Zro] th= = (74AFATY) Hl&©] 80-90% ulgte] siiE=] 7] wf&of <t
T (Accuracy) AHgof & FEle oy, & ¥ 7F o] AR B o] EA(HFALL 72.5%, S AL 27.5%) St

[} A=0re) 3y 3 KN

7] w2l F1 score& F7F2 212{5H3t. Fl scoree 2w @ HIOIE o4 2] A7t 714l Qe ofde Resh]
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Q5] AFRE= AS A B2, AUE (Precision, ¥ 2 0] PositiveZ TASH A & AA| 2 Positive¢l ME H]-&)7}
A A-&(Recall, A Positive ME 5 257 2] Positivex WA H|E) 9] 55 FAlol 1&st7] flsff o] ==
£ AL Flscores 2 ATEAT 0314012 48 7119 1o /PAS45 17 0] F22 4
R, B4 0.8 o] Ao AF9] 7.5% 43, 0.7 o]AtolH ALY 15% 4-3ol] Sd3tt}. Equation 2, 3, 4= o] & &
U, 8, Fl score?] A& o]t}
ion = TP
Precision = PP )
_ TP
Recall = TP N .
Fl score = 2 Precision X Recall .

Precision + Recall

B AFfA 5 AnE B Y R A5 H7F AT Table 59 Zo] g XHAE, AZEHEHY
A, XGRAE =0 2 Yl XGHRAES] AF L7} th4 Yo 55(0.7118)& eI Al 23] F1 score
Fe nE (0.8 oo 2 Yeh} AdtA o 7 oF5 ot 4591 o7 BAEQIT)

Table 5. Performance evaluation results by each model

Classification RF SVM XGB
Accuracy 0.8412 0.8088 0.7118
F1 score 0.9371 0.9200 0.8130

Figure 9+= 58 AISH 4 ool 915l 3 e 2 LE
Arare] g3F gRlof gt o S8o] =2 49 1071¢] A4S FEotglen, Has2 #
Z|4+(MDA; Mean Decrease Accuracy)oll thet 5 &= <At

Drinking of offender_Yes *
Drinking of offender_No ®

Vertical alignment_Flat o

Vertical alignment_Downhill ®

Volume per lane ®

Car type of offender_Sedan ®

Skid-proof facility_Yes ®
Car type of offender_RV ®
Age of victim_Youth

U-turn_Yes

®
®
Yellow time L]
Skid-proof facility_No ®
The number of TH lanes ®
Enforcement camera_yes ®

MeanDecreaseAccuracy

Figure 9. Selected top 10 variables in RF model (in case of MDA)

= o7

4) AY FAAEL O 4ol OjZAS ZH5Y)
MDAV Hiaf 420 Ho](bias)7t 2

SHCIHMR|4(MDA) @ Z|L|Z|401 7|8t MDG(Mean Decrease Gini)e 817 2|&5tLt, MDG=
Qe Aoz 2A2{A Ql2(Sandri and Zuccolotto, 2010)
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Table 6. Selected top 10 variables by each model

Ranking RF SVM XGB
Lst Drinking of offender Car type of offender Total volume
2nd Vertical alignment Age of victim Age of offender
3rd Volume per lane Drinking of offender Drinking of offender
4th Car type of offender Total volume Age of victim
5th Skid-proof facility Vertical alignment Car type of offender
6th Age of victim Volume per lane TH-LT signal operation type
7th U-turn U-turn Enforcement camera
8th Yellow time Yellow time The number of TH lanes
9th The number of TH lanes Skid—proof facility Weather
10th Enforcement camera LT lane Road surface
87191 Zol Al ol M Az AtaLe] G 21S 5% F 16719 T8 WS 7HA AL A2 F SR a A
A3oiet. 2A2E SFRACR Che o SH4ES BRI Aol A WS e] A4 darele Ampst
O 74 A¥= Table 73 ot AZF ARL @Rl BAH 02 72(95% A =45 et §FES nAl= AR v
Eh W14 % 870 o R, Fhal £ 0Rb0] S50 o], bl £0%k) A%, Wal Ake] A, ST,
2 2z, R, v nHPA A Ao ® YERT

Table 7. Logistic regression results for factors affected by severe rear-end crashes use of ML

Classification Estimate Std. error Pr Olzl) Signif. level Exp (B)
(Intercept) 2.7765 2.7969 0.3208 16.0628
Weather Sunny 2.5728 1.4423 0.0745 . 13.1027
Road surface_Dry -3.2207 1.3385 0.0161 * 0.0399
Age of offender_Youth 0.5012 0.6032 0.4061 1.6507
Drinking of offender Yes 1.9907 0.6173 0.0013 ** 7.3208
Car type of offender_Sedan -1.6199 0.5613 0.0039 ok 0.1979
Age of victim_Youth -1.2280 0.6247 0.0493 * 0.2929
Vertical alignment_Flat =2.0452 0.8004 0.0106 * 0.1294
The number of TH lanes 1.9543 0.7628 0.0104 * 7.0589
LT lane_Yes -0.0025 1.0380 0.9981 0.9975
U-turn_Yes -2.2232 0.7929 0.0051 o 0.1083
TH-LT signal operation type_Separate -1.1635 0.8548 0.1735 0.3124
Yellow time -0.0912 0.5029 0.8561 0.9128
Enforcement camera_Yes -0.7171 0.6335 0.2577 0.4882
Skid-proof facility_Yes -2.9375 1.3817 0.0335 * 0.0530
Volume per lane -0.0055 0.0072 0.4382 0.9945
Total volume -0.0006 0.0017 0.7371 0.9994

signif. levels: 0 “*** 0.001 “** 0.01 ** 0.05 . 0.1 *’ 1
pchisq test: p-value=4.12071e-06 (q=161.78-107.17, df=136-120)

F3 2 AFolE HAleE B o] AR glo] 3R o] M- (variable selection) T 2 & 24
A5t o ML A 712 B 2 7P HE A 0 2 ARESH= A A B (stepwise selection)d)-& A3}

It

Ol

[2], 2l 424 2| 25, 2024'F 42 225
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Table 8. Logistic regression results for factors affected by severe rear-end crashes no use of ML

Classification Estimate Std. error Pr Olzl) Signif. level Exp (B)
(Intercept) -3.6133 2.5342 0.1539 0.0270
Weather_Sunny 2.5700 1.5199 0.0909 . 13.0663
Road surface_Dry -3.2250 1.4690 0.0281 * 0.0398
Drinking of offender_Yes 2.7580 0.6475 0.0000 R 15.7677
Car type of offender_Sedan -1.6245 0.5775 0.0049 ** 0.1970
Vertical alignment_Flat -1.9666 0.7785 0.0115 * 0.1399
Total number of lanes 2.1149 1.0603 0.0461 * 8.2891
The number of TH lanes 1.6534 0.7467 0.0268 * 5.2247
RT lane_Yes 1.6557 0.8977 0.0651 . 5.2366
U-turn_Yes -2.1101 0.7954 0.0080 *x 0.1212
Speed limit_60 or less -1.3114 0.6721 0.0510 . 0.2694
TH-LT signal operation type_Separate -1.4516 0.9498 0.1264 0.2342
Skid—proof facility_Yes -3.7109 1.7812 0.0372 * 0.0245
Total volume -0.0094 0.0041 0.0201 * 0.9906
Volume per lane 0.0342 0.0164 0.0367 * 1.0348

signif. levels: 0 “*** 0.001 “** 0.01 ** 0.05 . 0.1 *’ 1
pchisq test: p-value=3.47457e-08 (q=161.78-98.79, df=136-122)

oje} Zol, T 712 ' (HAl&d 719 o] AMS/mAR) oA EEE By o] X5 B4R HES 915
(Akaike Information Criterion)& &35}t AICE FolA o] Alo] thst EA4] =g o] Atf# <l =22 Hr}
st= U 5 olU =R, 40 AH £A48 Zh= wyo] gog e} 7 Ao g o 2 HElr] = HitolH

5] oJaf] F-of Rt
AIC=—2In(L) 42k (5)

o714 —2In(L)-2 23 o] A =g oJu|ok=t]| L2 likelihood functiong 53t} k= B3] 45 ntahn|E 2]
7ig=olct. AIC gto] Yoh= A2 —f— 3“94 ATL7t =2 25 on|git}, & Ao A ARERE T 71| Bl o] gl
ngd AICE HAlEY 719 /\} o] 141.17= Yehgtom mjARE: B2 132,798 et o|2]et Avh=
3R] Mol XA A Zol= gargEol Yol 2-5%7] wiwel F 2o 1t aetn|Eas 2ol
ot Zlo g wHnt T % —E— 7} B T3 null model 2] AIC7} 164.01¢1 A2 Zetsh o, = 25 9]
A+ Pol e Ao = E‘i’lﬂ'

919 AIC A=+ 25 B339 2ol fA] 7] wZoll F 23 9] AT of tieh 257 A58 7HE Sl =
AE flolEE &-8oto] Y Ak (Accuracy) @t Fl scores F7t& #4163t 4 Z3h= Table 99} Zo]
mAlEY 719-e ARge W] 8t 0.8338, F1 score?t 0.9058= Web:, wlAhS ® (98 0.7353, F1
score 0.8235) thH] ZHz}F 1,149} 1.14) =5t A o 2 yrepyfch,

ﬁ
A7
T

rE mlﬂl

5) RE W47t T3E RUOIM SEED JIZEAA0 J1Y £0| 57 U HAS AHBIILE DHOIN WIS #4 SN TIE SHRS IR A
AR 2ol B, offel A0 5 Ch AIS Heos AEL HuS vE
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Table 9. Performance evaluation results by each method

Classification Method 1 (use of ML) Method 2 (no use of ML)
Accuracy 0.8338 0.7353
F1 score 0.9058 0.8235

AELL Table 99] AHE Wtk A7olA] -84 744 o) m@E AIC7H A Fo
2 2 53 599 Y507} Fart 2 oulE A o), MY oE Fa WS

F25 BAPe) BTt 485 2102 Bk AT Table 7).
Table 79 5.9 2718 Er2 ¢ A8 WA LR FSA10) 42k a9lolck 3|, BARHL Q10 &
2RAgTo] A(dry) 8 A9 Zewenolth 2 Geed) ARl A5 o] 7 AFaL A} 7R o] oF 94% A

_4

EZZH, ?11—1 Q?JOM'. 7¥oll 2R S-S thH] AZE AfL A s Ado] e 7.3H] o] el Ao g
et o, mjof] 22te] g o] HEFe A AT, L3 tH] A7 AR A 740l oF 10% 4
Sk A0 = Ueidth 5572 s ‘?l o AA ZZ O] AT o] 2 FoFe
0|2 A2 A EH o] 7|E] FEA AEol s WA b2 Aatolt). 2HH, 7]& Sharafeldin et
al.(2022b), Yuan et al.(2023), Yan et al. (2005) Yan and Radwan(2006)2] A7+ A3} 7}l 727 A2 A7
A A= 2 AT1Yg F8 Oﬂz ofl= ZF= o, 2 AE IARA M= FAA 1o4d0] gl= A
LHERSETE

AR, 2FA @ ololtt, 71l &A1) AFEo] 582 sedan) Q! 7-9+= RVU Sk tid] A Zh Al 9hA 7154
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Conclusion

2 Aot e wata FaRol A MAshs 324 10 A7t 29lS BAjstua st AT Slel &
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