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Abstract: Objective Automatic detection of illegal parking on highways through surveillance video is a crucial task for
modern traffic management systems, as it directly affects traffic flow, public safety, and operational efficiency. However,
detecting parking violations in highway environments presents substantial challenges due to complex traffic dynamics, vary-
ing lighting conditions, and broad surveillance coverage. These challenges include frequent vehicle occlusions in dense
traffic, leading to identity confusion and incorrect tracking; significant perspective distortion that causes slow-moving
vehicles to be mistakenly identified as parked; and degraded detection performance under low-illumination conditions,
where vehicle features become blurred and are prone to false detection due to environmental lighting effects. Method To

address these problems, the paper proposes a novel highway illegal parking detection algorithm that integrates dual-
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attention feature fusion and spatiotemporal behavior analysis. The approach first introduces a Dual-Attention Fusion Mod-
ule (DAFM) to enhance multi-scale feature representations extracted from YOLOvS, which are used as appearance descrip-
tors in a vehicle tracking framework based on BotSORT-RelD. This framework directly leverages YOLOv8's multi-scale fea-
ture outputs and enhances them with attention mechanisms in both spatial and channel dimensions. The spatial attention
module emphasizes critical regions related to vehicle targets, suppressing background noise, whereas the channel attention
mechanism selectively emphasizes discriminative feature channels relevant to object identity. These enhancements signifi-
cantly improve the robustness and accuracy of vehicle tracking, especially in scenarios involving occlusion, background
clutter, or varying viewing angles. Result Given that there is currently no publicly available dataset for highway parking vio-
lation detection, three dedicated highway datasets were constructed for object detection, vehicle tracking, and parking vio-
lation recognition. The datasets consist of 8,532 labeled images for detection, 34,600 frames for tracking, and 77 anno-
tated video sequences (average over 1 minute, covering 98 illegal parking vehicles) for violation recognition. Addition-
ally, they cover diverse conditions including daytime, nighttime, tunnels, and adverse weather such as rain and fog,
thereby ensuring comprehensive evaluation across complex highway scenarios. Experimental results on the constructed
datasets show that the proposed algorithm consistently outperforms several benchmark methods in terms of precision,
recall, and Fl-score. Notably, the dual-attention feature extraction improved the identity consistency in vehicle tracking,
reducing ID switches and increasing tracking accuracy. The adaptive displacement method demonstrated strong resistance
to jitter and perspective artifacts, while the hazard light detection module significantly reduced nighttime false positives and
improved robustness under difficult lighting. Conclusion Overall, the proposed algorithm presents a unified, efficient, and
accurate solution for illegal parking detection on highways. By combining deep learning-based object detection, attention-
guided feature fusion, motion pattern recognition, and signal-based validation, this algorithm addresses key limitations in
current methods and achieves robust performance across varying highway surveillance conditions. The integration of light-
weight attention modules within the YOLOv8 backbone and the design of spatiotemporal behavioral analysis allows for real-
time processing while maintaining high accuracy. This makes the system well-suited for deployment in intelligent transpor-
tation systems and smart city infrastructure where reliability and adaptability are paramount. The methodology also provides
a scalable framework for extending similar detection strategies to other traffic violations or abnormal behaviors in complex
road environments.
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Fig. 2 Structure of the dual attention feature fusion module
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Fig. 6 Schematic diagram of hazard warning flashing light temporal signal analysis
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Fig. 7 Brightness curve preprocessing flow
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Fig. 8 Schematic diagram of curve spectrum analysis
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Fig. 9 Low-Light suspected vehicle images
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Fig. 10  Brightness temporal graph of suspected targets
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Table 1 Statistical analysis of image data in highway

vehicle detection dataset
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Fig. 11 Example images of four categories
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Table 2 Statistical analysis of data in highway vehicle

tracking dataset
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Table 3 Statistical analysis of the number of scene seg-

ments in the vehicle illegal parking detection dataset
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Fig. 12 Display of images from different scenarios in the

vehicle illegal parking detection dataset
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Table 4 Results of vehicle illegal parking detection under

different polynomial orders
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k=4 90.91% 91.84% 0.91
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Table 4 Experimental results of the proposed algorithm

for illegal parking detection
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Fig. 13 Examples of partial vehicle illegal parking detection
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Table 5 Experimental results of highway vehicle tracking
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BotSORT 64.1%  158%  68.7% 46
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Table 7 Comparative experimental results of vehicle illegal parking detection
IH] HX 7311 Ky

ik P(%) R(%) F1 ~fps P(%) R(%) F1 fps P(%) R(%) F1 fps P(%) R%) Fl WA fps
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Table 8 Ablation Experiment on DAFM Sub—modules
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1(Baseline) 64.1% 75.8% 68.7%
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Table 9 Ablation experimental results of highway vehicle

illegal parking detection
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Fig. 14 Example diagram of experimental results for the effec-

tiveness of the appearance feature extraction module
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Fig. 16 Example diagram of experimental results for secondary verification based on temporal signal analysis
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