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Development of Traffic Accident Prediction Model Based on
Traffic Node and Link Using XGBoost

Un-Sik Kim * Young-Gyu Kim - Joong-Hoon Ko'

VAIV Company Inc.

This study intends to present a traffic node-based and link-based accident prediction models using XGBoost which is very
excellent in performance among machine learning models, and to develop those models with sustainability and scalability. Also,
we intend to present those models which predict the number of annual traffic accidents based on road types, weather conditions,
and traffic information using XGBoost. To this end, data sets were constructed by collecting and preprocessing traffic accident
information, road information, weather information, and traffic information. The SHAP method was used to identify the variables
affecting the number of traffic accidents. The five main variables of the traffic node-based accident prediction model were snow
cover, precipitation, the number of entering lanes and connected links, and slow speed. Otherwise, those of the traffic link-based

accident prediction model were snow cover, precipitation, the number of lanes, road length, and slow speed. As the evaluation
results of those models, the RMSE values of those models were each 0.2035 and 0.2107. In this study, only data from Sejong
City were used to our models, but ours can be applied to all regions where traffic nodes and links are constructed. Therefore,

our prediction models can be extended to a wider range.

Keywords : Traffic Accident Prediction, XGBoost, Traffic Links, Traffic Node

3.13% Z7}3k b
W 126.57004 2019 9740 R AF T 2.84%, A=A} |
oo AFEAEEE 2010 3ol A] 2019 14 o=

Received 23 March 2022; Finally Revised 3 May 2022;
Accepted 6 May 2022

¥ Corresponding Author : joonghoon.ko@vaiv.kr

rir

o
iU A CC S A L e

2
o
— o
o
%
il
O
(8
=
off
rO
[
ol
2
o
w T
o HN ox

Mo, py

HEox

T o HN
oo
oﬂg
2O
o
EY
Fﬂ_‘
_O|L

2 2 i o 4

ol
)
ro
_L|>i
oo
2
lo
QL
s
s
ox,
_|L
N

N 2
f
2,

fr = o

o
bl

B=lge
>l
o

oK
=

r

oy >



Development of Traffic Accident Prediction Model Based on Traffic Node and Link Using XGBoost 21

g
=

>
=

lﬂ_gHUiil

1S wRe] 54 T 5 54 A4

Fach Aol A w3l g

2ok Ryu[17] 99 ol 43 1k

9 Aol A A g

[ 7ol o)) %
?r

= flo o
o Hr
)
O

2
N
Sl

KU offt o oft

ol i
o rlo
=2
e
ko
o,
=
o
vl
),
]
ofj
M
ol
do
T
ol
B

)
<o ol Ly iy
Y
o
Ky
Kl
P,L‘
2
s
£
ot
>,
qz
~
p‘LA
-
N

H
Y

O
o
o
SO
2 o

© do
oT o

3

£ o ofm
Yo
AR
=
g (
g
=
2
rlo

op 0 ok

0%
u
ot

L=y

)]
=

301_(,10
il l?
o b
L sm
Q
9

[e]
= —
T
&
e il
o 2
4 |o
2

=2

I B
Y0 o o o> X M Ok @ bl o o

o
rir
w2
i
Ty

lo,
2

2 Ho g ¢™ o p@ rf oz MRl XS E

Lo R
e W
YY)

of
il ﬁ
Bt

o

—
—_
N

—_

-
=2
Rl
X

2
o
il
=
o
ki
fitl
o,

=2

2

w
=

i oft
o
x

fd
it

N
E o.
ofo
ol
28
=)
o
£
.
N

@
offl mo i o

B R

oo I 30 Kl 2
=
e o
of
ol
N
£
:cl){é
ot
Al
Lo,

2
My o, mot
- 2

-

A
N
=
of
o2
f
i

=
o
[
o
ol

o

I

q

El

off

o

Hu

©

Ly
El

O
-

& o

|
= o
to 1o tr
2y
r—?l—" _1},), M

X

={

Bl

_|>i

>N

i SR )

=)
ol J‘.N
QL
rlr
El
of
>

AZE, A3 SF Al (overfitting regularization), 27| £&
(early stopping), w7 % 3]AFHNA o= 5o F
3+ XGBoost(eXtreme Gradient Boosting) S ©]-&3F n%
= g wEA 7|uke] wEAL o SEAS A A S

gt

2. O|=H H{iZE

N
rx
02
|'O
1
[
2t

i
o
H
il
=
ol it
El
of
>
fd
[>
S
lo,

o
k1
fr
o
i
ROy AN
El
off

150 ox,

=

fr

-4

N

o
nE I >

ol

ki

fitl

fU o
R
inss

ol
ol
rlr
—
)
=

>
>
R
N
)
s2
o
o

ol 01:0
ot
% Rl
off
>
o
i)
Hj ‘h
2

3 oot

R b
£l ot
oft X,

2oy

o
Hurr‘
L
&

o,

e M
~ o 1%

[o & o% 2

2
e
iis8
>
%2
Ruiy
k1
ool 4

& o
=
rlo
k1
>
=
B
bt
ftl
o,
El
off
>
=
of

fetl
[ol
r
N
>,
>,
Ry

>{EI
SR
N
-
)
o
=
of
>,
E i
e
it o
fo
Lo

fU 4z fo r
Core
o
N
lo
N

il
o Mo

H,
4
2
)
=2
o
ot
~

N B
i l
)

o
=}
o
rfu
a
oo U

Zo] Fo] Atate] FFE WA= 89S Wit

Kang[6]> SJAFAAUT-9F A&7t A2 3HE F8 A&
SR wEAL A E Q91 EA A AZbet wEARaL
Z olojX = A9-S Ayrd it T s A}
e S EEY S A me) ho] Eglo] Bl A
HL27t = oA GG SHEAfA T4 aEA
a7b dojt 7hsAdo] wrkal whElth

Lee[12] E29)9] 7]482l0] wEALILe] Hx]&= o
&S ZA2E JARYPY JAAGUT RGP0 R A3
A} 714880 FolA el 7ol wEAka A
o &g MA= 9loz Yehytitia vy

Lee[13]= 20073 5-E] 201297bA4 A3 A] 1 897K
WARE FO R A S RS sty A
duEF, AdEE, AZ5 $3d gz AR FF
Sol Fad Aywsds wh

Oh[15]& ER2AFAA Q40 FFHAES o] &3 A
AP} wFALaLeke] A Aol Al Flof & A THEA
AVE BY FANA, FAdol, WA, #EEE
A7)17F agAael #AZE ki gt

Park[16]= HAHTF 7719 1EHE2E o FF
A BE4E o] g3 FoldRFP S Hedtt 1 A3 wE
F, A5, Ao &, FdAd g, oSl o
SAbae] geke vAE 290ds

Ryu[17]S B QS o] 83 1EEE WEAL o 21
g AFellA Fold BARY, Xobd IFEY, =
EATE 43te BT gydS &83 20| 4
5 AFEE g% 7 Azt Byt
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ABC..oAM e 7tAE Eath § 42415 XGBoost®]
Gradient Boosting Treeoll Al A}-&31H olgle} o] xd=

T QAT
X
V' = Efk(xi)7 HEF
k71n, K
0bj(0) = 31(y;y/ )+ dlohm (f,)
i=1 k=1
where y', = predict score corresponding

fir=Fk th decision tree € function space F
I = loss function

ohm = regularization function
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go B2 J|& GBMo| 7HA AL 9= HFAS wes &

2.3 SHAP(SHapley Additive exPlanations)
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5 | Vertexg
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<Figure 1> Traffic Link Configuration Example

<Figure 1>°1A agP=e ALK = 3709 Vertex,,
Vertel’w VeT'tE-T;; O] Ag/\']—é‘]_-“‘::— ;l)jl}_ ;;7]— O]E
F3 2= gl 2o W o s 0y, 0y, 05, 0,5 T
olgste] wEYA] FHIES

=74 6,&
T3 o}
F& 7 5 9

n(Vertex)—2

9.

i
i=1

A ture = ———
verage curvature TL( Vertex)

WEHIE 29 FARE Z Vertexd FHAEFFOZE
d z, 9] FAF 9> 0,.,,0,,0,,., 2474
o] gkol A=A AT, 0, Bk A A2AE #
wale] Sl Vertexoll tiall 1 YF(Entry Point), &]7H¥H
(Rotating Point), F1&+(Exit Point), 2|15 o7& IS
/~ o]g. 017;”%} 001:.

dsl= dAgkolth 2

_1

1\3

2 M0 9.9 gro] Falzrole}
Aol = A =3

0,15 At

Vertex;

Vertex, @ Vertex,
Vs
Vertex, Type On—1 6y On4a
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On-1 < 04
Vertex, Rotatingpoint 6,_,> 6, 6,> 6, 6, ,> 6,
Vertex; Rotatingpoint 6,_1 > 6, 6, > 6, 0, > 68,
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. o None or None or
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6, = Threshold

<Figure 2> Traffic Link Curve Type
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h,, = the altitude value of Vertex; —
the altitude value of Vertex;

d, = Distance between Vertex, and Vertex,

hﬂ
slope, = “

<Figure 4> Derivation of Vertical Gradient of Traffic Link
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<Figure 5> Analysis of the Angle between Traffic Links with
the Same Traffic Node as the Transportation Link
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== 9 wEYPAE VNe R EGAIHY 7138, 1lE
A2BARE FAT £ e dol"HAS A

WEE 7|RF WFEAIL o SR ARE-gE Hlo]H Al
S s AT eyl A
of 9, TR Tagstete] stk AEnrE
7|9 WFARAL o SR AMEEE HoEAl ARE
<Table 1>3} Zt}

<Table 1> Traffic Node Based Data Set Information

Feature Explanation
RIGHT Number of right turns prohibited
LANES MEAN Average number of lanes on each link
LANES CV Coefficient of variation in Fhe number of
- lanes on each link
DEGREE_MEAN u(£(6,))
DEGREE_CV CcVI(f(6,))

STRAIGHT MEAN Average straightness of the incoming link

Coefficient of variation of the straightness of

STRAIGHT_CV the incoming link

Number of SLOPE_ MEAN Average number of downhill links entering
Number of ' - .
Year . . observational Number of data Coefficient of variation in the number of
traffic accidents traffic accidents SLOPE_CV downhill links entering

2017 746 188 34,176 CURVE CNT MEAN Average number of curve sections of
2018 795 229 34,176 - - incoming link
2019 922 236 34.176 CURVE CNT CV Coefficient of variation of the number of
3 2463 653 102’ 528 - - curved sections of the incoming link

WEwE J WA ofZR o] ALEEE HolE]

ACC_CNT

Number of traffic accidents per year

A FF= <Table 2>9F 2t} < A, e AR, Ao, A
R, Frelpwe g asel A4t wEY
<Table 2> Traffic Node Based Data Set Structure 71 2BAL &R de AREEE HojEHAl ARE
Feature Explanation <Table 3>} Zt}
NODE ID Node ID
DAY 1:Day , 0:Night {Table 3> Traffic Link Based Data Set Information
RAIN Precipitation
SNOW Snow cover Year Num::gi dcg‘ngaffic obse'r\lvzrﬂggglotfraffic Nurggg of
TF_JAM Traffic congestion accidents
TF_SLOW Slow traffic speed 2017 746 670 79,320
TF_SMOOTH Smooth traffic speed 2018 795 695 79,320
NT_101 Intersection 2019 922 766 79,320
NT_102 Road star and point A 2,463 2,131 237,960
NT 103 Property change point
NT 104 Whether road facilities ﬂ%%]ﬂ 7]\t H’_%/\}F’_ q]%_\;l_tﬂaloﬂ /\}%E]l‘:_ ] o] ]—j
NT _105 Administrative boundary M FZ= <Table 4>} 7t}
NT _106 Connecting part
NT_To8 IC and JC <Table 4> Traffic Link Based Data Set Structure
TURN_P Rotation limit
LINK_NUM Number of connected links Feature Explanation
IN_LINK_NUM Number of incoming links LINK_ID Link ID
OUT_LINK_NUM Number of outgoing links DAY 1:Day , 0:Night
LANES VALUE Number of lanes RAIN Precipitation
IN_LANES_SUM Number of incoming lanes SNOW Snow cover
OUT_LANES SUM Number of outgoing lanes JAM Traffic congestion
SPD_MEAN Average speed limit SLOW Slow traffic speed
SPD_CV Coefficient of variation of speed limit SMOOTH Smooth traffic speed
UTURN Number of U-turns allowed LANES Number of lanes
LEFT Number of left turns prohibited MAX SPEED Speed limit
STRAIGHT Number of straight-through prohibited LENGTH Road length
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Feature Explanation
UP_SLOPE_MEAN Average slope uphill
UP_SLOPE CV Coefficient of variation of uphill slope

DOWN_SLOPE_MEAN Average slope downhill

DOWN SLOPE CV Coefficient of variation of downhill slope

SLOPE_LENGHT RATE Ratio of sections with slope

CURVE_SET_CNT Number of curve sections

CURVE MEAN Average curvature
CURVE _CV Coefficient of variation of curvature

CURVE_LENGTH_RATE Ratio of curved section

RR 101 High-speed national highway

RR 102 City highway

RR_103 General national road

RR 104 Special Metropolitan City

RR 105 National support map

RR 106 Province

RR 107 City and county

RT 0 General road

RT 1 Overpass

RT 2 Underpass

RT 3 Bridge

RT 4 Tunnel

Vertex ratio satisfying

CURVE_SET_RATE CURVE_SET_CNT>0 and >1

ACC CNT Number of traffic accidents per year

WERE 7| WFARAL S RE N wFHA 7k
EAba o Zrde] glo]HAlE 20174, 2018 Ho|El&=
HE T 82 WS S5e 2 A5E dolHAe A4
Fom, 2019 do]HAE 7 dolHA R A3t
At

WEEE 7N WEARL SR L wEeE 7N
SARAL o Z R E Ho]EJ Al A 11 B g WEAFL A

SACC CNT)E ZFEHWFR ALgstglon, wEwr=2
WAHNODE_ID)E Al9] g ] 37709 ME Sy
2 AFE3lo] XGBoost 2ol g3ttt wEH A 7]t
WFEARIL o F R AT wpp A 2 1 dZE HAY g A EARIL
A4E FEUFE ARREISion, wEdadz
(LINK_ID)E #1938t Y= 31719 WFE SHHEFR
AL-&3Fo] XGBoost E&of A-&3it) wE = 7|uk ul%
AL SR wEPga 7Nk wEAL SR E2 o
w3 22 AAE AA RS AT WA gEE
oJEIAlE Fal REs AAGH, H5E volHAS F3l
2dle] s gelskth XGBoost ¢t Fol A9 st

- Joong—Hoon Ko

o] 3 3}2}v|E|(Hyper Parameter)E W74t ThA] Al ghs
3 e AN M FL AeS 2 mdS AAs
ek ool oigh AWkl F2 Grid Search, Random

Search, Baysian Optimizatio
A= Grid Search W& Abg-3lo] 4o 8}01,11 J]-a}u]
HE A4t g 7|9 wEAbaL o SR A
9] stoly FEbnH & 7} E(2g)vith AFEE 2 9]
H|&(colsample_bytree)S 0.7%, <55 (learning rate)<
0012, ] E2]9 Zlo](max depth)yT 622, 247 E
oA 7kAF7HE 918 H A Abdl F(min_child_ weight)
© 52, EA g4 (objective) ‘regisquarederror’ 2, 7} &
ol AL Al Z H]E(subsample)> 12 212 A A5
o} b, wEE A 7Nk aEARAL gl =
7 E(29)vitt AHE-E Ze] B]&(colsample_bytree)
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<Table 5> Traffic Node and Link Based Model Hyper

Parameters
Value
Hyper Parameter Traffic node Traffic link
based model based model
colsample_bytree 0.7 0.6
learning_rate 0.01 0.01
max_depth 6 8
min_child_weight 5 4
objective reg:squarederror reg:squarederror
subsample 1 1
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<Table 6> Traffic Node Based Model Evaluation Result

{Table 8> Predictive Model Relative Evaluation Result

Training Test Model MAD RMSE
Evaluation Standard Data Set Data Set Traffic Accident Prediction Model Using Deep 252 343
Value Value Learning ' '
MAE 0.1912 0.1910 Accident Frequency Estimation Models Using 11 1.865
Maximum absolute error 2.8 3.7992 Random Parameter
Minimum absolute error 0.1826 0.1826 Traffic link based traffic accident prediction 0.03 1.05
RMSE 02036 0.2035 model - '
Standard deviation of absolufe 20608 oo Traffic node based :Irla(l)fif:j accident prediction 0.03 1.09
error
<Table 7> Traffic Link Based Model Evaluation Result Aot A g JPE gl o SR E
284 70k WEAL L oY mE Mol cdey
vaation Standard | S | Test Data Set [ & ol 8% IHER wEAD AZRY S FFREE o
Value Value |3 weAtnds G5EYo P A Mean
MAE 0.1937 0.1945 Absolute Deviation, MAD)$} ¥ v Al <+ 2 2HRMSE) A
Maximum absolute error 3.7637 4.799 FET e A RS BRItk vl ATt A At
Minimum absolute error 0.1824 0.1238 ZAd 2 A83)= dolE7t 2 A aFARL A
RMSE 02084 02107 948 S4a oo S4o] ] Hie] ofn 2w
Standard deviation of absolute 0.0769 0.0811 o] ¢ et TehEly] ojH} AN B FJrlE B
i 3 AFAToA e wEAIL o SRE I v alsto
WEWE | BT ) EZRWs} WEY )W WE
ATl PR wE s 7Rk WEAL dSEY a3 gz2mae] Abo] v gk AL o o9t}
B wERD A LEAD ISR AR BAE mEue A mEAL oERde] 29 WAS SHAP
flal AT Held s ol &7 AHER WEARL o] g o] gate] &9 A= <Figure 6>3 Zrh
=

29 73 (Traffic Accident Prediction Model Using Deep
Learning)’[16] % ‘SEEFTE o] &3t WAL o ST
7N (Accident Frequency Estimation Models Using Random
Parameter)’[3]2}9] A5 BlaLE &3t SellA A5

ol A F L XHRMSE)7F A A o2 vHA &4
t} o]#H o]fE WELE 7]t
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