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Abstract

To address the challenges of detecting small safety helmets in coal-mine tunnels—where images are dim, blurry and
poorly lit—a refined YOLOvV8 model is proposed. First, an SPD-Conv layer is inserted into the backbone to strengthen
feature extraction for small objects. Next, the SPPF module is replaced with SPPFCSPC to enrich multi-scale features.

Finally, the CoTAttention mechanism is introduced in the neck to focus on salient cues. Trained and tested on the
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underground image set CUMT-HelmeT, the improved Model3 surpasses the original YOLOv8n by 9.08% F1, 17.7%
Precision, 3.8% Recall, 3.5% mAP50 and 1.9% mAP50-95, markedly reducing missed and false detections under low-
illumination and hazy conditions. Compared with YOLOv10-X, the enhanced YOLOv8-X further improves by 6.23% F1,
4.7% Precision, 7% Recall, 3.9% mAP50 and 1.8% mAP50-95, confirming its superiority in complex underground

environments.
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YOLOv&-N 53.61% 58.6% 49.4% 52.4% 31.6%
YOLOv10-N 59.50% 78.5% 47.9% 53.4% 31.5%
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YOLOv&-X 62.18% 72.2% 54.6% 56.6% 35.9%

YOLOv10-X 58.58% 68.1% 51.4% 55.3% 34.2%
ARG 64.81% 72.8% 58.4% 59.2% 36.0%
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