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Causal analysis of highway accidents considering filling in

missing values based on RF-Apriori algorithm
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Abstract; In order to improve the safety condition of highways, 26 320 highway traffic accident records
in France from 2018 to 2022 were selected as the research object. Three representative algorithms were
selected to impute missing values in the data, including the RF algorithm, the expectation-maximization
(EM) algorithm, and the K-nearest neighbors ( KNN) algorithm. The impact of different imputation
algorithms on data stability was compared based on the changes in variable variance before and after
imputation. The Apriori association rule algorithm was then applied to analyze the causes of highway

accidents with different severity levels using the completed dataset. The results indicate that after missing
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value imputation, the RF algorithm demonstrates superior stability. Compared to the model trained on the

original data, the accuracy is improved by 5.66%, the recall rate is increased by 9.22%, and the F1

score is enhanced by 9. 91%. It is found that passenger vehicles are more likely to cause property damage

accidents; motorcycles are prone to cause injury accidents on roads with lower speed limits and fatal

accidents on roads with higher speed limits. The use of safety equipment is significantly related to the

severity level of accidents.
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Fig.1 Heat map of missing values
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Table 2 Statistical of missing data
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Table 3 Comparison of variances of independent variables
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Fig.4 Scatter comparison chart of support and confidence
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Table 5 Mining results of association rules for property loss accidents ( partial)
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Table 6 Mining results of association rules for injury accidents ( partial)
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Table 7 Mining results of association rules for fatal accidents ( partial)

O JE I SRR G #THE
TR s, BRI 130 km/h, R Af 28 254 | [ PE R ST 0.02 0.43 3. 64
[ sy, BRI 130 km/h, B2 T4 | [ TP E AR AT 0. 02 0. 42 3.57
[, AR, B [ e AR AT 0.02 0.32 2.67
[ FE i R sy, T T Rl 2 48 4% | | AR RO T 0.04 0.27 2.26
{ B R 2R, SRR 4) [ TP E AR -AE T 0.03 0.25 2.10
{ BRI 130 km/h, 3P40, ZE78 B8 41 [ B -S| 0.03 0.24 2.04




4 4

BESRAE 5T RE-Apriori 57357 IR RIS (L ) 150 3R 23 i S BN 70 A

- 217 -

S B (B U/ = e S D L
FEE R AR 4R LU I DR X & 4 7%
YR, 5y 51 KW P e Sl , AR I 0 4w AL TAE
B 55 25 B, B 1Ll S A s QB BEHE A AR B
90 km/h [ 2 Z3H Z [ AT B, e A 52 475 S 4 )
T S5 vy 5 R 107 00 588 X S S A A o R A B AT
RO, X T EEFE 4] AT B B0 B B I B BT AL
FHZEE A5 1 BEFE AR 18] PR 42 1 AT 8 5 2l
PEFEARFRIALEL, B (1 BE T A M A T B i 22 4 e o
o FHAF B0 ) S AR 1 D

4 &

1) R RF 53k Geit=2h EM 800% LU LS
572 HK) KNN FE U SORs vh B BRAG A, X 1L

AN S B AS T 228 25 R 7R 16 S A AR (E
AT A 15 > A2 54 RF FEEANE Y45
Rafl,

2) RH] XGboost 1Y 47 /™ H 4 B Tl , % Lt
ANV AN (A 58 TR R A3 BORT A
RE SR GRASCR AR T H A B3 0k SE AN I 2R R0CR BT
D8, R LU JE B I SR AL R R 52 5 5. 66%
BRI 9.22% , F, /3541 9.91%,

3) BHG IR F L R T RE R T %
BT R FEATREI 25 5 55 2 3l R K
A s BEFE AR PR BRI B B oy 75| e 32 P bl 7E FR
TR = B BB 5| B AT S e e a8 Bl
DU RO B FHARERLR,

(1]
(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

& % x

BERFIUTE. PEFITFEM]. LR . PESTHIREL,2023.515.

S8, TXNI, B, F. BERBZEDTTNNTIEFIAL)]. PERRFIR,2023,36(4) :183-201.

LYU Nengchao, WANG Yugang, ZHOU Ying, et al. Review of road traffic safety analysis and evaluation methods[ JJ.
China Journal of Highway and Transport, 2023,36(4) :183-201.

B, =M, 506, 5. EFOUEAF LERRIBICHSRERBRER
46(3) .34-48.

YANG Yang,YUAN Zhenzhou, CHEN Zhi, et al. Study on freeway traffic safety evaluation based on improved system

ZWNMARLI]. AARZBAZER, 2022,

engineering decision theory[ J]. Journal of Beijing Jiaotong University,2022,46(3) .34-48.

DEB R,LIEW W A. Missing value imputation for the analysis of incomplete traffic accident data[ J]. Information Sciences,
2016,339.274-289.

QI Hang,ZHAO Xiaohua,YAO Ying,et al. BGCP-based traffic data imputation and accident detection applications for the
national trunk highway[ J]. Accident Analysis and Prevention,2023,186.DOI.10. 1016/]. AAP. 2023. 107051.

R, KEE, 08,5 EFREYARMEMGAIE SRR EEBAL)]. BENETAZZR . RaN2S T
h®,2019,43(6) .1 120-1 124.

WU Yu,ZHANG Jinfen, FAN Cunlong,et al. Imputation of missing values for ship collision accident data based on random
forest[ J]. Journal of Wuhan University of Technology : Transportation Science & , Engineering,2019,43(6) .1 120-1 124.
Ph5ets, XIBKE , EBBIE, 5. BNENEWEHRTTIAARSTEL)]. BIOAEEE,2023,26(7) : 40-49.

LU Jiaming, XI Zenghui, QU Haini,et al. Research and practice on power measurement data missing value Imputation
methods[ J]. Power Systems and Big Data,2023,26(7) . 40-49.

WS, KR, B8O PRI TR AR 1], PO 1 BB T2 Fe4R . ERRSR ,2017,30(2) :21-25.

XIE Qiaochu,YAO Yi. Research on the data missing and data completion of power grid[ J]. Journal of Sichuan University
of Science & Engineering : Natural Science Edition,2017,30(2) :21-25.

BEIAN,Z8,BEE,F EFVSZINKBMEBRIEBIENSBEATDEL]. BORFRP SEH, 2023,
51(7) :158-169.

MEI Yujie, LI Yong,ZHOU Wangfeng, et al. Dynamic data cleaning method of abnormal and missing data in a distribution
network based on machine learning[ J]. Power System Protection and Control ,2023,51(7) :158-169.

FeNE IS XBR , 5. BRRBSH SR ENNRMRDII]. ERZBAZFIR,2024,41(5) :65-73.
YAN Lixin, HU Xinhui, LIU Qingmei, et al. Road traffic accident severity prediction and causation analysis[ J]. Journal
of East China Jiaotong University, 2024,41(5) :65-73.



hoE e B o $35%

- 218 - China  Safety Science Journal 20254F

(117 EBSTH), 81, /D, 5. BT BUH Apriori EAHNS RN B BEWFIEDHI]. DIMEE,2024,44(3) .
227-235.
QIU Wenli, YANG Haifeng,ZHANG Shaobo, et al. Correlation analysis of highway traffic accidents based on improved
Apriori algorithm[ J]. Journal of China & Foreign Highway,2024,44(3) .227-235.

(12] 43R, S0k ASRHENSRASRTANEIEHFL)]. PEZERNFFR,2024,34(2) : 117-123.
NIU Yuehua,NIE Baisheng. Study on influence of personality traits on drivers” driving behavior [ J]. China Safety Science
Jourmal ,2024,34(2) . 117-123.

[13] E=£6,Ms PENNERSNT BB BSHNZIOARI]. PEZERFFHR,2024,34(2) :209-216.
WANG Zhuolun,LIN Yan. Research on impact of ride-hailing services on road traffic crashes in China[ J]. China Safety
Science Journal ,2024,34(2) .209-216.

(14] T8 EFLEEZEENERRIBSHIIAIANRIARID]. &K FRRBKRF,2022.
YU Lei. Analysis and preventive countermeasures of road traffic accidents based on data-driven [ D]. Chongqing:
Chongging Jiaotong University ,2022.

[15] IS BT HEEENSRABRIBSHDITATHNRARLD]. K5 : SMAZ,2018.
SUN Weifu. Study on the freeway traffic accident analysis and countermeasures based on data mining[ D]. Changchun .
Jilin University,2018.

[16] ZEEBRBBHNRES. FEBNESIEH RS EB/OL]. [2024-10-14]. hitps . //www. data. gouv. fr/fi/.

(17] BREIMAN L. Random forests[ J]. Machine Learning,2001,45(1) :5-32.

(18] JADHAV A,PRAMOD D,RAMANATHAN K. Comparison of performance of data imputation methods for numeric
dataset[ J]. Applied Artificial Intelligence,2019,33(10) :913-933.

[19] B&E,K=E,KEm,F BETFERNTINSHBRESWEEEANDAARLI]. RBCBAK LIZSER,2024,
24(1).132-137,198.
ZHOU Bei, ZHANG Ying, ZHANG Shengrui, et al. Research on rear-end crash data imputation methods based on
generalive adversarial networks[ JJ. Journal of Transportation Systems Engineering and Information Technology, 2024,
24(1).132-137,198.

[20] 43,293,880 EFHEEHENSRABEFERXBESHULMRRRKOMARLI]. Z2SETRE,
2020,27(4) :180-1388.
NIU Yi, LI Zhenming, FAN Yunxiao. Correlation analysis of influencing factors of truck traffic accidents on
expressways[ J]. Safety and Environmental Engineering, 2020,27(4) ;180-188.

[21] FAYYAD U, PIATETSKY-SHAPIRO G, SMYTH P. From data mining to knowledge discovery in databases[ J]. Al
Magazine, 1996, 17(3). 37-54.

(22] fOIMUEE. BT Apriori & XGBoost E)ABVBESANBE W ONTIAZRLD]. 7N . N RS2, 2020.
HE Liyao. Analysis and research of road traffic accidents base on Apriori and XGBoost algorithms[ DJ. Suzhou :Soochow
University,2020.

(23] &=i8, T, FBE,F BT Aprioi XEREAOBMESREERTKEMRRREDTLI]. BB,

2024(3) .81-86.
HUANG Jin, WANG Zihao, CHEN Zenghui, et al. Correlation analysis of factors affecting parking demand in urban
complexes based on Apriori correlation algorithm[ J]. Fujian Transportation Science & Technology,2024(3) .81-86.

EZ®N: B R (1997—) 5 WWZRGE T A WL OFFE A, 2 EMT5E 5 1] Dy i 5208 2
4 FFHEUR A E-mail :xuelel116@ 163. com,



