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Research on Railway Track Foreign Object Intrusion Detection

Based on Multi-Scale Feature Fusion
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Abstract: To address the issues of low detection accuracy and slow detection speed caused by the
influence of complex environments on detecting foreign objects of different scales on railroad
tracks, this paper proposes a multi-scale feature fusion RMF-YOLO (railway multi-scale fusion
YOLO) method for railroad track foreign object detection. Firstly, ICBAM, an improved
convolutional attention module, is designed and introduced in combination with the YOLOv7
feature extraction network to enhance feature extraction capability in complex scenarios. Subsequently,
GhostConv is adopted in all efficient layer aggregation network modules instead of regular
convolutional layers to reduce computational complexity and enhance feature output efficiency. An
improved weighted bi-directional feature pyramid network (N-BiFPN) structure is introduced to

enhance multi-scale feature fusion, balance feature information across different levels, and improve
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multi-scale detection capabilities. Lastly, to further enhance detection accuracy, the WIoU loss

function combined with the dynamic non-monotonic aggregation mechanism is used to effectively

deal with the gradient generated by the low-quality anchor frames and to improve the overall

performance of the model for the detection of foreign objects at different scales. The experimental

results indicate that on the self-made railway track foreign object dataset, the RMF-YOLO

algorithm reduces the parameter count of the original network model, effectively enhancing the

model’s detection accuracy and detection speed of the model and addressing issues related to

missed and false detections. On average, the precision increased by 5. 5%, the frames per second

(FPS) improved by 5.88%, and the computational load decreased by 12. 25%. These enhancements

meet the requirements for both detection accuracy and real-time performance in railway track

foreign object detection.

Keywords: railroad foreign object detection; feature fusion; multi-scale; YOLOv7; loss function
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Fig. 3 Structure of ICBAM attention mechanism
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Fig. 7 Labeling results of some datasets
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Fig. 9 Images of some detection results

3.5.2 sty S IGAE , 5B ICBAM IR & v = S A B 5 Ho Al %
(DA E PRI A S, T BiEA FHREE B AT o8, S Be 45 SRk 1 FoR,
Fr ) ICBAM IR & 1 & B e i 20tk ok 47 Posvao.s 3e7n TR 0.5 B A 2400 B
A1 RREZANA AR LT KRG ILLE R

Table 1 Comparative results of the processing effects of different attention mechanism modules

Bk WMAEBRST/BREXBRZE BHE/ % BWBER/% Pueeos/ % KB/ s THE B/ 100

YOLOv7 640 X640 90. 4 89.7 80. 2 85 104.5
+CA 640 X640 90. 6 89.9 80. 4 94 104. 8
+ECA 640 X640 90.7 90. 2 80. 4 78 105.5
+ SENet 640 X640 91.3 90.1 80.5 102 104. 9
+CBAM 640 X640 91.2 90.7 80. 8 85 106. 2
+ICBAM 640 X640 91.8 91.2 81.4 90 105.9
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Fig. 10 Detection results of different algorithms in foreign object occlusion scene

(o) 3CHRLY]

(d)3CHk[16] (e) YOLOX-S (HRMF-YOLO
B 11 ZREFYWS ST ARG A2 5

Fig. 11 Detection results of different algorithms in multi-scale foreign object scenarios
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Fig. 12 Detection results of different algorithms in sand and dust scenarios
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Table 2 Mainstream target detection algorithm processing effect comparison results

(=873 i AR R A/ (R R XBED Prar@o.s /%6 R DU R B/ (T« s™1) TR/ 107

SSD-MonileNet 640X 640 77. 4 59 132.3
Mask R-CNN 640X 640 76. 4 36 56. 5
YOLOv3-SPP 640X 640 78.2 80 48. 6
YOLOV5 640X 640 79.6 83 109.0
FCOSH 640X 640 78.3 41 45.1
YOLOX-S 640X 640 80. 4 68 164.5
YOLOv7-tiny 640X 640 78.6 118 13.7
YOLOv7? 640X 640 80. 2 85 104.5
RMF-YOLO 640X 640 85.7 90 91.7
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Table 3 Experimental comparison results of the treatment results of different ablation methods
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