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Detection of Low-quality Image Safety Helmet in Coal Mine Based on
Improved YOLOvV7
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(1. School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China;
2. School of Computer Science and Technology, Taiyuan University of Science and Technology, Taiyuan 030024, China)

[ Abstract] Due to the complex underground environment, low lighting conditions, and the small size of hard hats, the detection
results are not ideal. To address low-quality images in complex environments, an improved YOLOv7 for hard hat detection in low-
quality images from underground coal mines was proposed. Firstly, addressing the limitation that image features were susceptible to
noise interference under low-light conditions, a multi-scale MELAN module was introduced. By constructing a multi-scale attention
mechanism, broader contextual information was captured, thereby enhancing feature extraction and effectively suppressing noise
interference. Secondly, the OD-SMP module was constructed using soft pooling and full-dimensional dynamic convolution in the
backbone network, which reduced information diffusion in feature mappings, retained more contextual information, and enhanced the
detection capability for small targets. Finally, to address the varying quality of detection samples caused by the complex backgrounds
and environments with different lighting and distances in underground coal mines, Wise-loU was used as the loss function.
Experimental results show that the average precision of the improved model is 94.9% , which is 13.5% higher than the original
YOLOv7 model, demonstrating better detection performance.

[ Keywords ] low illumination; multi scale; full dimensional dynamic convolution; attention mechanism; loss function
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Table 1 Experimental environment

i & 24 A 25
BIERSE Ubuntu 18. 04
GPU NVIDIA GeForce RTX 3060
CPU Intel Core i19-12900H
RAM/G 16
TREE2F 2 HEAR PyTorch
CUDA A 11.6
Python 7 3.8
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Table 2 Results of ablation experiment

mAP/ mAP@O.5/
YOLOv7 MELAN OD-SMP Wise-loU GFLOPs

o %o

vV — — — 81. 4 82.6 26.7
Vv Vv — — 83.9 82.9 30.0
vV — Vv — 83.1 83.2 23.8
Vv — — VvV 86.3 85.2 26.7
Vv Vv — Vv 89.5 88.3 30.0
Vv — Vv Vv 90.9 87.6 23.8
VvV Vv VvV — 91.2 90. 1 27.2
vV vV VvV VvV 94.9 93.5 27.2

TV B R B AR s — FOR BRI AL A A mAP Ny
NS EEHE ; mAP@O. 5 2 ToU B{EH 0. 5 1735 B ; GFLOPs Jy
TR
JUAJIJ.Jpg
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Fig. 7 Detection effect diagram
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Table 3 Comparison results of different algorithms

ENGE RS mAP/% mAP@0.5/% GFLOPs
SSD 58.4 49.2 343.37
Fast-RCNN 66.5 51.9 193.78
YOLOV5 75.0 38.0 15. 80
YOLOv7 81.4 82.6 26.70
YOLOV7-A 93.5 91.7 28.30
YOLOv8 88.8 86. 8 8.20
A 94.9 93.5 27.20
101
A AN
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B
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&
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Fig. 8 mAP curves before and after improvement
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