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=1 YOLOv10n 746 794  83.6 60.5 39.7
1
Avs =+ ( Apsyiraoo oo + Ao -+ YOLOv1ln 80.3 846 854 61.9 31.6
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. . . . YOLOvIOn-RGBD 743 77.3  81.0 60.2 33.9
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B s FoZonRBAITE ;s k2R REAZE ). YOLOvI2n-RGBD 87.8 834  88.9 67.0  44.2
2.4 IftbiRig ICAFusion 75.1 89.1  87.7 60.9 38.4
= p=4 x‘ =1 .‘ . . 5 . : .(
0 41 wEAk SLBAF-Net 713 769 788 57.6 23.9
ADF-YOLO 87.5 90.3  90.9 70.5 52.7
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HERL b 2 B I i SGRAR RS, JR Bt R
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YOLOv8n 95.6 84.7 78.4 74.6 69.3 87.3
YOLOvV10n 95.5 83.4 76.9 72.4 65.9 80.6
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38.5 55.1 32.7 54.5 67 66.9 50.1 65.8
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Dual-modal rail fastener defect detection model based on
ADF-YOLO

Qin Yong', Peng Genwang'?, Cao Zhiwei', Gao Yang'?,
Kou Lingling®, Wang Yaguan*

(1. State Key Laboratory of Advanced Rail Autonomous Operation, Beijing Jiaotong University, Beijing 100044, China;

2. School of Transportation, Beijing Jiaotong University, Beijing 100044, China;
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Abstract: In rail fastener defect detection, single-modal visible-light images are susceptible to environmental

interference and lack spatial structural information. This limitation reduces the model’s sensitivity to small-sized
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defects and spatial deformations of fasteners. Consequently, it increases the rate of false and missed detections.
To address these issues, this paper proposes a detection method based on the Attention and Dual-Modal Fusion
YOLO (ADF-YOLO) model. First, the ADF-YOLO model is constructed, which employs a dual-stream
backbone architecture to concurrently extract texture features from visible-light images and spatial structural
features from depth images of railway fasteners. Second, an Attention and Multi-Branch Convolution Synergy
Module is introduced into the backbone network to improve the capture of small-sized defect features. This
module expands the receptive field and enhances the representation of detailed features. Finally, an Attention-
Guided Dual-Modal Feature Fusion Module is integrated into the neck network for the efficient fusion of
heterogeneous features. This module fully exploits the dual-modal feature fusion paradigm. Consequently, it
generates more robust fused features that are highly sensitive to defect morphology. The results demonstrate
that on a multimodal fastener defect dataset, the ADF-YOLO model detection method achieves a mean average
precision (m,p) of 90. 9% and 70. 5% at IoU thresholds of 0.5 and 0. 5-0. 95, respectively. The ADF-YOLO
method significantly outperforms various single-modal and multi-modal object detection models in detection
accuracy. The proposed ADF-YOLO model provides reliable technical support for railway fastener defect
inspection tasks.

Key words: Railway safety; Rail fasteners; Defect detection; Multimodal fusion; Attention mechanism; YOLO
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