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Mechanisms of traffic conflicts in expressway weaving areas

under different weather condition
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Abstract: Aiming at the mechanism of traffic conflicts in urban expressway weaving areas under different
weather conditions, a traffic conflict identification algorithm based on vehicle bounding box information was
proposed. The peak over threshold extreme value theory was employed to determine severe conflict
thresholds under distinct weather conditions, and machine learning models combined with interpretability
analysis methods were utilized to systematically investigate the impact of weather on traffic conflict
characteristics. By leveraging high—precision trajectory data, the limitations of traditional conflict metric

extraction methods, such as insufficient accuracy, subjectivity in threshold selection, and the lack of
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exploration into weather—related influences were addressed. The results demonstrate that the severe conflict
thresholds for sunny and rainy conditions are 1.75 s and 1.85 s, respectively, with the proportion of severe
conflicts in rainy conditions (39.1% ) being significantly higher than in sunny conditions (9.7 % ). Through
interpretability analysis, the following findings are revealed: (D Weather conditions significantly modulate
the influencing factors of traffic conflicts; @ Under sunny conditions, spatial vehicle positions (particularly
whether the conflicted vehicle is located in a ramp or weaving lane) dominate the severity of conflicts; @ 1In
rainy conditions, the intensity of influencing factors increases markedly, and traffic flow characteristics

emerge as the predominant factors. These findings provide a theoretical foundation for differentiated

management and safety prevention and control in weaving areas.

Key words: transportation planning and management; traffic conflict; weather impact;

interpretability ; time to collision
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Fig.1 Overview diagram of the study area
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Fig.2 Schematic diagram of rear—end conflict
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Fig. 3 Schematic diagram of collision point detection
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Fig. 4 Density distribution of TTC values

in sunny and rainy conditions
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Fig. 5 Stability analysis of TTC threshold

in sunny conditions
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Table 1 Table of conflict severity classification
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% 94 B &5 ARRATRERTLAR L@ F R - 2337 -
¥ Wi
PR 2 i
BT R A
MR AT M T — W 2 AR 22
73 min 1. X 1 - e
I T R . -1
SR T B B2 --—-‘i—- E
erhge A T N R — @ :
B B4 B B
3 mins7 X I PR AR 2
SERBL BRI
13 min 1 2 X L4 A B A2 . g
HEEMERE il ¥
13 mins 7 X ) 25 s B 2 —_% E
i3 mindi 7 X ) E AT R 24T e i
A3 min 3 S X B E i oA e 22 v
3 min 7 X I 2 SRR
ZRBA T
73 min 7 X 1 6 i e .
13 minke B B bR —— i
3 min & X I R B YA % E
5 _IISHA(Ilg{E — " g

10 FUX LightGBM 1% & SHAP H 5 #7
Fig. 10 SHAP value analysis of the LightGBM model in rainy conditions

TR R mEARRE, T RET
XiF i 5 7 o R R R e Ok Y R OF T M 2
IRk 6 S B PR 2R AR AR b E L 1R 9 AT 10
HRAY R R T A A B T A A 20 A B [
. NI 9 A 10 B9 SHAP {8 20 7 45 3, A LA
TEZL.

(1) Pt % 52 20X 38 38 w28 14 5% i) PN 3R 78 I
KM RFZMETEAEEER . SHAPHS I &
WL FERT 20 MR B A M E R P A 1L AR
[vi] B HE B O R A R R X S R B
FasE S fE R . X 1A LR R g 44
P2 R — SO AE I RCR LR R I, S 4B
U BE R ORI (ZL e A ), HoXE i i) SHAP B
ZAENTEIE(E X, RSP B % 5 &
P 5% DRV 222 T AH 36, 30 R B T 2 A ko R R 28 41
Xk i R PE R R H AR R EMT
WEEMEA —~EE25 BRI, ZE AR 4,

MAER KA 2 HE44 50 17, R WIS R )
T S T Ry 5% R B I B 7 I R R R
(LT REAS ), HEXT B i SHAP {8 22 45 v 76 1 A8 IX.
B, 3R R R B B A O o g8 UK 2 OE
AH G, 10 WA /o 1 I ) % B 4 B R 4 14 hn 7
() AR AR ] A 32, O 2 T 28 3 v 22 18 KUK 5 9 o
G ZERAT B0 ] F P — B 25 03 b 1 22 BRI (41
O REAS ) X N 9 SHAP i £ 4 o 78 1F 18 X 3,
P M AT DL 228 B T v g XU S T A G, 26
T U AN R 2 B S B n ™ R o g A R
W5 22 SU B 5 T i B2 A W R 25 R (4T g
A, I SHAP i 32 %2 43 A 78 ffi X, 6 W% A8 it
B o g€ KU SR OG 3K R h TRCR I 9 B
R I T S A P 1l T A e 4 A RN
by 58 A8 Bk B, AT AR I o 2 % 8 T e U AR
Z5 B [H]

(2) B K ZME T MRRAE S m A 2 76 B K 2%



- 2338 - THRKRKRFFHR(OT F RKR)

% 56 %

PFR A0 0 2 R B AR AE SR B SR
Qg 9 B R iS5 K B &R A A 5 A5 7S [
(A NER: 2 I SRR LRI F VA R B =R !
TETE Bl R AT M A | e G A
FELAMN 438 |, A K w58 A2 5 A F I 3 538 4L
H3E o FLAR S BT 2 B Bk b 28 AR A 0 F I B 5
SV TE I (L @FEA) , G I 1) SHAP i 2 4
TE 7 (E X3, 16 IR K AR 7 B 2 A XU, (. 3 BRI
X AT RE 2 R Ok 25 i B 7 K 4 Xk 2 (R R R
B TR A AE L P ARG T 1 AE AT B O FLNE A
PR Y vl g e s g v o R AL T A
A ZE S B (LE A REAR ) X R 1 SHAP i £ 42
PR TE AR XI5, 0 B S e o AR i R L X
BT P M 42 3E SR 58 ST Bl B R A Y IX
T AR T TR K AT BB B A 5 w9 A A T I
T8 B¥ A8 41 T IR 2 B HY 1 5 ) LA 0L (4T 6
FE A [ iF 43 A5 78 IE SHAP {4 F1 /i SHAP {f X
$80) 3 S T M AR S LR Y 32 UK A A TR
UL 2H B DA B 3 G AT O R AR AT G

()W REM T e m A, WK &
T s PR R R B AN B R A O & s A
2 SHAP {8 46 % 2 90 3% K T R 5%, X &
HH T DR BB A AR il 1 4% PR 2R T 32 3 o 8 11 5% )
TR B 5 @ 38 0 I 457 AE 78 52 i R 3R op o 4 32 5 i for
X — 5 W R A IE B BT b, AR S B &
B AE 204 FE W EE L AUA 1A 5 AL
R G (e o 5% B4R 40 1 I GE s s 2 4 0E ), o
19 4349 5 28 38 L 40 1F A 56 TR 2R 5 I Isf (866 B 4 o7 2
VE N fe B s e R 2, 5 ™ 8 o o8 AU 2 A
K (LrtaE A Z 4 P 7E i SHAP X 38 ) , 3% &
R TP NS s Sl R i S N U B
J3 2 S S R DU ) AR AT SRy AR R Y A i
JRTTT 43 A1 ol %25 i 5% SR R VAR ) 25 39 O W 5 4 A
FT0 7 1) R 3 — B 22 43 A 1 25 5 7™ 5 o 8 AU S22
TEAH G (2L B A Z 4R A8 IE SHAP (A X ) , 3X
ST R AR AR AR P A ) R
SR 5 RS HT 3 min [ B X JR] 3 B S T E
i g8 AU B IE M O6 (41 (kAR Z2 45 i 7E IE SHAP
B X I8) , 30156 BH 448 1 1) o 62 58 3 75 SR 25 R K
FAE T % A NV 3 2 T R AR I R O A 2
T 725 B B30 B 6RCPE [) AE R  T AR A R A
T T RE M 5 I A i B A A 5 ™ e A
Wy 52 0 AH OC (40 €0 FE AR 2 48 vh 7 L SHAP fH X

B, 3 PR S A i ) 4 R O Y A AR A AL 1B
A3 A5 DAy T 3 £ F B, A st 2 0 ] 6549 R 5 A R o
B, HL Bl G3AT B S R A R 8]0 S ) 00 v A
£ i 5 RS

4 S

A SCHE T CltySim 808 B85 |, % 3ok 1 P o %
X AEA R R AT W38 T8 th R E AT T
ARG Hr. [ Python i G S5 F L TR T A
T RE AR B TTC $EIURE | SR FH 1 A% A
RUBfg 22 T AN R RS AT 0 7™ 5 o 28 ({8, 45
4 LightGBM 8 Fl SHAP 8 43 B J7 %, T A%
T TR KRN K A& R T 5 i 8 3 o 28 7™ 5 R Y
KN E ., FEMREELUWMT . OKRTEMN L
SIRE S A i eS| = R Sl T A N e VA 1 P
SHAP {73 #7 & BL, 76 /i 20 A fe 3 B2 19 5% i R 32
o 11N R AE P AN RS B3R BL AR 2 1Y
S VR R T Ay 9 A4S B3R 2 A B B R R
FHOCHE o X Fh 22 S M SR B, DSt B A8 8L IX Y 22 4
LSS W e -SSal - ESiFA [ IOI PN
SAFF, ZE 0 B 25 18] 7 B AR A SR ke R w8 ™ AR
ERESFHEE, o, o g 5 0 1 I 8 5058
SUE PP 28 LA T R LM 423 L vp o A0
LT T LM 458, DL R e 4 A T G B 58
2178 2 X op g8 7 L RE B R ) e 7 R A LS I
.o O RFMT 052w HLE] 280 H A 25 5E
HE - 4% 52 [X 2 A SHAP {8 46 % 5 9% 3 K T i
KA, 2 W TR R PR 5T 58 Ak 1 4% PR 28 0t 38 3 w58
(52 W R B o G AN, 3238 TR AR IO A (4 A
TE A 32 s e R 3 X P A AR e T 45 R
MRl RGBT RE AR . ST Lk
W, Ry it — 2D P T DRI 28 X A3 B A,
SR 2% 5 A0 I 45 B R I AR i R ) KR4 A SR B
N [ P 52 308 5 B it ) P e ) o O T R R 4%
AT A I 4 ) A

S E WK

(1] B 65, 2HE, W, 5. 25 ERURE 5 Bke 14 10
00 22 368 < XU AT A 5 VR [T] 35 AROR 2 2 e Lo
M, 2023, 53(10): 2817-2825.
Cao Qian, Li Zhi~hui, Tao Peng—fei, et al. Traffic
accident risk assessment method for road network con-
sider risk heterogeneity[J]. Journal of Jilin University
(Engineering and Technology Edition), 2023, 53(10):



5 9 B &5 RRRAT teif % 58 K 38 of R AL 2339
2817-2825. Lu Qi~hui. Research on safety evaluation method of
[2] Wang L, Abdel-Aty M, Shi Q, et al. Real-time urban expressway weaving areas based on traffic con-

[3]

(4]

(6]

(7]

(8]

crash prediction for expressway weaving segments[J].
Transportation Research Part C: Emerging Technolo-
gies, 2015, 61: 1-10.

PRI . 3 T 2w 54 A 8 1 A g T AL 2 T
FEID] B W R ol R iR 4 LR Be , 2022,
Mu Song—cheng. Research on crash prediction model
based on extreme statistics of traffic conflicts[D]. Wei-
hai: School of Automotive Engineering, Harbin Insti-
tute of Technology, 2022.

ZT WP g 22 4 X A8 E rh R AL E(D]. R
i RO AW R AC W TR B, 2021,

Jiang Xue. Study on traffic conflict mechanism in ur-
ban expressway weaving areas[D]. Dalian: School of
Traffic Engineering,
2021.

Yuan R, Abdel-Aty M, Xiang Q. A study on diver-

sion behavior in weaving segments: individualized traf-

Dalian Jiaotong University,

fic conflict prediction and causal mechanism analysis
[J]. Accident Analysis & Prevention, 2024, 205:
No. 107681.

AER, ARRERE, WU, 45 B P B S AUX
NRAT AR AT A Y 22 3w AL AR AT (0], 22 il A B
Y4, 2023, 41(3): 1-11.

L1 Jia—shuo, Zheng Zhang—ji, Gu Xin, et al. An anal-
ysis of the mechanism of traffic conflicts considering
risky lane—changing behavior in weaving sections of
expressways[J]. Journal of Transport Information and
Safety, 2023, 41(3): 1-11.

LLAE . AL T B Bt Y e i A2 2 DX A2 T XU T Al
(D] BFRa: AR R 57 Sl 24 B, 2024.

Ma Fei. Risk assessment of expressway weaving sec-
tions based on trajectory data[D]. Jinan: School of Qi-

lu Transportation, Shandong University, 2024.

JEOE I T g I w2 T A Y A ek T P 52 4
P o Sy 0 S D B N T N a1

B, 2024.

flict prediction model[D]. Nanjing: School of Trans-
portation, Southeast University, 2024.

Onelcin P, Alver Y. A new lane change index for
lane change conflicts at weaving segments[J]. Traffic
Injury Prevention, 2023, 24(7): 559-566.

Xia Y, Qn Y, Li X,
conflict prediction from videos based on TTC-ML of
Sustainability, 2022,

et al. Risk identification and
a multi-lane weaving area[J].
14: No. 4620.

B, KT, BN, AE L BT IR R 4 I 4 2050 TR
A I DX A2 e U Oy ik (0] AR R A4 T
R, 2024, 54(2): 36-46.

Zhao Tao, Zhang Ning, Wang Xiao—chao, et al. A
traffic conflict prediction method for merging areas
based on trajectory prediction with graph neural net-
work[J].
ing Science), 2024, 54(2): 36-46.

Zheng O, Abdel-Aty M, Yue L, et al.

drone-based vehicle trajectory dataset for safety ori-

Journal of Shandong University (Engineer-

CitySim: a

ented research and digital twins[J].
Research Record, 2023, 2678(4): 606-621.

HOE G SHMAESE I IM] R KR
AL, 2006.

Lundberg S M, Lee S 1. A unified approach to inter-

Transportation

preting model predictions[C]//Proceedings of the 31st
International Conference on Neural Information Pro-
cessing Systems, CA, USA, 2017: 4768-4777.
TGS, AR, BRK S, G5 R A B BT S L E
G T B LS (R Ay BT ] 5 ROK 22 4 T
MR, 2024, 54(10): 2827-2836.

Wen Hui-ying, He Zi—qi, Li Qiu-ling, et al. Traffic
conflict prediction and influencing factors analysis of
truck lane change on expressway[J]. Journal of Jilin
University (Engineering and Technology Edition),

2024, 54(10): 2827-2836.



