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Abstract; To address the issues of low accuracy and weak robustness in existing detection algorithms due

to insufficient lighting, scale differences among personnel, and frequent obstruction by equipment in coal
mine environments, as well as the challenges posed by high parameter and computational requirements of
some models, which make them difficult to adapt to edge devices underground, an improved YOLOv8n
model was proposed to optimize personnel detection tasks in complex mine environments. An enhanced
SPDs-Conv module was introduced to enhance the extraction of small target features and improve the
recognition accuracy of low-pixel personnel in distant views. Cross stage partial feature fusion + selective
kernel attention ( C2f_SKAttention) module was designed to strengthen the model “s focus on targets of
different scales and cope with the scale differences of underground personnel. A dynamic detection head
was constructed to adapt to the diversity and complexity of targets, and to improve robustness to occlusion
and other scenarios. The WIloU loss function was improved to increase the bounding box localization
accuracy and reduce the localization deviation caused by low illumination. The results show that the
proposed improved YOLOv8n model achieves an mean average precision (mAP) @0.5 of 83. 5% and an
mAP@ 0.5.:0.95 of 39.0% on the mine personnel detection dataset. Compared with the original
YOLOv8n, the P is improved by 8. 5%, the R by 11. 9%, the mAP@0. 5 by 4. 7%, and the mAP@0. 5.
0. 95 by 3.3%. The number of parameters only increases from 3. 1M to 3. 2M, and the Giga Floating-point
operations per second ( GFLOPS) rises from 14. 0G to 14. 4G. The proposed model maintains a lightweight
structure while improving detection accuracy and robustness. It effectively alleviates missed detection of
small underground targets, insufficient multi-scale adaptation and weak anti — interference capability in

complex environments, making it suitable for the limited computing power of underground edge equipment.
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Table 1 Loss function comparison
ik P/% R/ % mAP@0.5/% mAP@0.5:0.95/% GFLOPs
IoU 86.2 84.8 85.5 83.9 14.2
CloU 87.5 86. 1 86. 8 85.3 14.2
SIoU 87.1 85.7 86. 4 84.9 14.2
GloU 86.7 85.3 86.0 84.5 14.2
DIoU 87.3 85.9 86.6 85.1 14.2
WioUvl 88.8 87.6 88.2 86. 8 14.2
WioUv2 89.5 88.2 88.9 87.5 14.2
WioUv3 90. 3 89. 0 89.7 88.3 14.2
2 HRAKER
Table 2 Ablation test results
SPDs- | S HIE H mAP@ | mAP@O.5; | 2%/ | GFLOPs/ FPS/
Conv ;gﬁrj ﬁzj]{ﬂ"bk WloU 1 P/% 1 K% |6 50 | 0,05/ Ritqi G (i/s)
X X X X 67.6 | 76.4 78.8 35.7 3.1 14.0 205.6
vV X X X 70.2 | 78.1 80. 1 36.5 2.8 14.1 155.1
X vV X x 69.5 | 77.3 79.2 36.2 3.5 14. 1 176.5
X X Vv X 71.8 | 79.5 80.3 37.1 3.1 14.2 145.2
x X X Vv 72.3 | 80.1 81.8 37.5 3.3 14.2 179. 4
vV vV X x 73.5 | 81.2 81.0 38.0 3.0 14.2 85.1
vV V vV x 75.2 | 82.7 81.8 38.7 3.1 14.4 61.5
vV vV vV vV 76. 1 88.3 83.5 39.0 3.2 14. 4 45.2
x3 AEEEISLLIRNELER
Table 3 Comparison test results of different algorithms
LAY P/ % R/% mAP@0.5/% | mAP@0.5:0.95/% | GFLOPs/G | Z%(&/M | FPS/(Mi/s)
YOLOv4 59.5 68. 6 70. 8 26.2 70. 8 64.0 39.5
YOLOv5s 74.5 84.6 62.3 17.6 16.0 7.2 95.2
YOLOv5! 64.2 72.5 70. 8 23.9 108. 4 44.0 50. 6
YOLOv7-tiny 70.5 78.3 65.0 18.5 13.2 6.0 126. 1
YOLOv8s 68. 1 75.6 69. 1 23.6 28.8 11.1 165.2
YOLOv8n 67.6 76. 4 78.8 35.7 14.0 3.1 205.6
YOLOv10s 71.5 81.5 79.1 23.5 24.5 8.1 143.0
YOLOvlln 74.9 85.6 73.3 19.4 6.3 2.6 188. 1
Ours 76. 1 88.3 83.5 39.0 14.4 3.2 45.2

H e 3 10 SCH G R YOLOvSn #57 (Ours )
TEW N URIAT: 55 vh G B2 5 2 o A Rk 340 e R
W E R AR ORS B R A L RS8R PR 76. 1%
R} 88.3% .mAP@0.5 4 83.5% .mAP@0.5:0. 95
H939. 0% , % )5 YOLOv8n K5 i %8 P 67. 6% 43 [l
FN 76.4% .mAP@0.5 Jy 78. 8% .mAP@0. 5:0. 95
H35.7%) 5 iR TE 8. 5% 11.9% 4. 7% 3. 3% ,
BRI YOLOVSs (K513 P ol 74.5% A3 [l %
R} 84.6% mAP@O0.5 N 62.3%) 435l #E T+ 1. 6% .
3.7% 21.2% , %8 YOLOvIIn (K58 P 74.9% .
B R K 85.6% .mAP@O0. 5} 73. 3% ) 5 W T+

1.2% 2. 7% 10. 2% ; fE AL 530865 L, S
BN 3.2 M 3HE RN 14.4 G, U HJE YOLOvSn
(3.1 M/14.0 G) ff 3 3.29%/2.9%, it ik T
YOLOvSs ,YOLOv8s 2615154 | & FPS oy 45. 2 Ik T34
SRR AR (BT BRI 2 I T i Gk A S A
oK RER S B BE Ty R a3 TC P TR R Y
R AEE
3.6 WS

R EOULS IR S AR AT I T S AR
R ISR | 3 P RAG T B R AN R 37 5 T A B
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Fig.7 Visualization of model improvement effects
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