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Research of deep learning-based methods for highway traffic
accident detection

Ling Rui'®  Yan Kun'? Liang Hongyu'? Wei Zhuoqi'® Hao Hangbo'"*
(1. School of Information and Communication, Guilin University of Electronic Technology,Guilin 541004, China;
2. National and Local Joint Engineering Research Center for Satellite Navigation, Positioning and Location Services,

Guilin University of Electronic Technology,Guilin 541004, China)

Abstract: Existing single-stage deep models for traffic accident detection often suffer from high false alarm rates and
computational redundancy in highway scenarios, severely limiting their practical deployment. To address these issues,
this paper proposes a two-stage traffic accident detection method tailored for highways, following a "stationary vehicle
filtering+appearance-based recognition" strategy. In the first stage, YOLOI11 and Bot-SORT are integrated to detect
and track vehicles, and inter-frame speed analysis is used to identify stationary vehicles as potential accident candidates.
In the second stage, an improved model named YOLO-EA is introduced to perform appearance-based detection
exclusively on the stationary vehicles, combined with a multi-frame voting mechanism to enhance stability and
robustness. Built upon the YOLOI11 architecture, YOLO-EA incorporates an EAS-Stem module and an AWD-Conv
module. The former enhances edge and contour extraction in the input stage, while the latter improves downsampling
efficiency by retaining critical features and reducing computational cost. Experimental results show that YOLO-EA
improves Precision, mAP @ 0.5 and mAP @ 0.5:0.95 by 10.9%, 3.4% and 2.8% respectively, while reducing
parameter count by 21%. On the constructed accident video dataset, the proposed method achieves an accident
recognition rate of 81. 25% , with a 24. 46 % reduction in false alarm rate compared to single-stage detection strategies.
This method achieves a favorable balance between accuracy and inference efficiency, demonstrating strong potential for
real-world deployment.

Keywords: traffic safety;accident detection; multi-object tracking;deep learning; highway
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Fig. 8 Data sample
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P 2 (Recognition rate) : 3 7~ # ¥ Zh 46 I B9 &8 1k 4=
G B R AE BT S B Al /SR AR v Y L

.. B TP
Recognition rate = TP - FN (D)

A% R (Miss detection rate) : ¢ 78 SEBRAE 7E W0 i 11 4
G B TR D R BRI A L A

. . _FN
Miss detection rate = TP L EN 12
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A = G T SR e Lk /O L
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Table 3 Second-stage experimental results

rp FN pp POUE/SECR/ BHRE/

Table 2 First-stage experimental results % % %
TP FN FP HBIR/ % kR 0 wiE/ % Pos-K=1 53 11 22 82.81 17.19  29.33
gE 104 13 20 88. 89 11. 11 16.13 Pos-K=3 52 12 19  81.25 18.75  26.76
Pos-K=5 52 12 18 81.25 18.75  25.71
TR 2 TTHL S 1 B By ik U AR 88. 89 Pos-K=7 52 12 17 81.25 18.75  24.63
FR 8RB B VA O e ) B T o OXURS: Y O AR Pos-K=9 51 13 16  79.69  20.31  23.88
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R RA N FIE .

R 2 B, RGN 1 Wy BOE B R 0 SR
YOLO-EA BRI HEAT SN 4387 . 351 A 2 it 4% ZL AL LA 46
FEHER 2 P, 3 B LB 2 B S 80 Pos-K (R 7E
N =10 {77 1o 84 R 80 A 5 2> R0 , AR Solt 7
Pos-K € {1,3,5,7, 9 Bl B, &AWL Rk 3
B,

MF 3 T M, Pos-K %0 1 B B BEBUAS & i IR 5] &
(82.81%) (BRI R W TF = 29. 33%, 2 B8 & it 11y 152 34
BOWO K 4 Pos-K &4 9 B, 5% )% 5 5 B 2 & K
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Table 4 YOLO-EA module ablation study results

15 B Precision Recall mAPO. 5 mAPO. 5:0. 95 GFLOPs Parameters
M1 0. 667 0.737 0.737 0.515 21.3 9413 574
M2 0.761 0. 696 0.756 0.538 21.8 9416 230
M3 0.746 0.701 0.721 0. 495 19.8 7 451 334
M4 0.776 0.691 0.771 0.543 20. 2 7 453 990

EE A AT LA Y T i o A e AR AN [ 28 1 47 O
THRER T
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e 36
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Table 5 Results of comparative experiment

ik W 2R PUNER/ G RIRE/ %
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