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Optimized Design of Lightweight Detection Algorithm for Train
Wheelset Tread Defects

HOU Tao, REN Yikun, NIU Hongxia
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Abstract: To address the issues of excessive computational load, large number of parameters, and the
difficulty in achieving a satisfactory balance with accuracy in existing algorithms for detecting train
wheelset tread defects, this study proposes an YOLOIl1ln-based lightweight detection algorithm.
A lightweight and efficient Ghost-Inceptiona feature extraction module is constructed to replace
the feature extraction module in the backbone network of YOLOIln, reducing the model’ s
parameters and computational load while improving the precision and efficiency of wheelset tread
defect detection. In the neck network, a cross-stage partial connection bottleneck structure with
small convolution kernels (C3k2-Faster-EMA ) is used as the feature extraction module,
enhancing the algorithm’s ability to extract and fuse features of target regions at different scales,
thus increasing detection accuracy. A lightweight detection head is optimally designed through

the incorporation of depthwise separable convolutions, significantly decreasing the algorithm’s
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parameter size and computational load. An improved loss function based on intersection over

union (IoU), named Focaler-PloU, is designed to strengthen the algorithm’s adaptability to

defects of varying scales and enhance the performance of tread defect detection. The experimental

results show that on a self-collected dataset of train wheelset tread defects, the improved

YOLOI11n algorithm reduces parameters by 18.2%, decreases computation by 28.6%, and

improves mean average precision by 2.3%. The improved algorithm achieves lightweight

optimization while improving detection accuracy, demonstrating broad application prospects in

train wheelset tread defect detection.

Keywords: train wheelset tread; defect detection; YOLOI1n algorithm; lightweight improvements
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Fig. 1 Improved YOLO11n network structure diagram
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Table 1 Performance evaluation results of different backbone
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Table 3 Performance evaluation results of different detection
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Table 4 Performance evaluation results of different

loss functions
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Table 5 Performance evaluation results of ablation experiments of different modules
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Fig. 9 Comparison of PR curves before and after algorithm improvement
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Table 6 Performance evaluation results of different algorithms
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