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Multi-scale detection method for transmission line components
based on multimodal fusion

Zhou Jing Zhao Yi Liu Xin
(School of Control and Computer Engineering, North China Electric Power University,Beijing 102206, China)

Abstract: In the key component detection task of UAV inspection of aerial images for transmission lines, a multimodal
multi-scale target detection approach is proposed to address the challenges of accuracy degradation and high miss rates
for small targets in single-modal detection methods. This approach integrates visible light and infrared images. First.
the network constructs a parallel two-stream feature extraction backbone designed to simultaneously process visible
light and infrared images. This design fully utilizes the rich color and texture detail information from the visible light
images, along with the superior imaging stability and high contrast characteristics of the infrared images. Next, to
facilitate cross-modal information interaction and complementarity, a Multimodal Feature Fusion Interactive Module
(MFIFM) is developed. This module dynamically adjusts the fusion weights of features from different modalities.,
adaptively integrating the most discriminative information and effectively mitigating conflicts arising from modality
differences. Additionally, to enhance the perception of small target components, a Hybrid Residual Multi-Scale
Transformer (HRMS Transformer) module is incorporated into the dual-stream backbone. By utilizing a multi-head
attention mechanism, hierarchical feature reorganization, and a residual-based strategy, the model’s ability to extract
global context information is significantly strengthened. Experimental results demonstrate that the model’s mean
Average Precision (mAP) at IoU thresholds of 0.50 and 0.50:0. 95 improves by 5.35% and 4.48% , respectively,
compared to existing single-modal methods. These findings confirm the effectiveness and applicability of multimodal
fusion technology in transmission line inspection.

Keywords: transmission line detection; multimodal feature fusion; Swing Transformer; attention mechanism; dual-

stream backbone network;deep learning
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Table 1 Model parameter configuration
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Epochs 200
Batch size 16
Image Size 640X 640
Workers 16
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Irf 0.01
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Warmup epochs 3
Warmup momentum 0.8
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Ho,C BB AP A K 7Y

3)mAP @ 50: 95 (mean average precision at IoU =
[0.5:0.95]) i FAEZL A ToU B{E F (M 0.5~0. 95,4
B 0. 05) R B FBIRGHE . A~ XX D PR,

mAP@SO;%Z%Z %OEAPK(IUU,) an
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Table 2 Comparative experiments %
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Table 3 Results of ablation experiment [ %
- HRMS oou B B mAP FEIEES

Transformer T ML @50 @5095 R
1 X X X 90.51 64.97 80.13
2 N X X 92.08 66.45 82.61
3 X N X 93.46 66.92 83.04
4 J N X 93.92 67.18 83.36
5 X X N 94.16 67.73 83.58
6 N X J 94.93 68.26 83.72
7 X N N 95.27 68.49 83.95
8 / / < 95.86 69.45 84.27
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Fig. 8 Experimental comparison diagram
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Table 4 Results of ablation experiment I1 %

AL 2 mAP@50 mAP@50.95 4% R
YOLOv8n 86. 65 60. 34 77.92
YOLOv8+HRMS
90. 53 62.72 80. 37
Transformer
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R BT HRMS Transformer XF /N H b7 4 W fig 77 19 42 7t
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Fig. 9 Comparison of visualization results
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