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Intelligent recognition method for personnel intrusion hazardous area in fully
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Abstract: To address the problems of low accuracy of video Al recognition of personnel intrusion hazardous areas in fully
mechanized mining face caused by factors such as variable personnel scales, and dynamic changes of hazardous areas, an
intelligent recognition method for personnel intrusion hazardous areas of fully mechanized mining face based on RSCA-

YOLOvV8s and automatic division of hazardous areas is proposed. To address the problem of low accuracy of personnel re-
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cognition in fully mechanized mining face, the RFAConv-SE (Squeeze-and-Excitation with Receptive-Field Attention
Convolution) and CCNet (Criss-Cross Attention Network) attention modules are introduces on the basis of the YOLOv8s
model to improve the capture ability of the model for global and contextual information in complex background images.
The multi-scale and small target personnel feature extraction ability of the model is improved by fusing the Res2Net net-
work through the C2f module. The adaptive fusion ability of the model for multi-scale personnel features is enhanced
through the improved SPC-ASFF (Adaptive Structure Feature Fusion with Sub-Pixel Convolution layer). To address the
problem of dynamic changes of hazardous areas within the field of view caused by the dynamic changes of the camera on
fully mechanized mining face following the hydraulic support, an automatic division method of hazardous areas based on
the extraction of key feature points of landmark targets such as the guard plate and coal baffle plate is proposed. To ad-
dress the problems of irregular changes of hazardous areas and the difficulty of parameter setting of the judgment method
based on overlap degree, a precise recognition method for personnel intrusion hazardous areas based on the ray method to
determine the positional relationship between the pixel coordinates of personnel and hazardous areas is proposed. Through
ablation experiments, comparison experiments between RSCA-YOLOv8s and methods such as YOLOvSs and YOLOvS8-
SPDConv, as well as test experiments on automatic division of seven groups of multi-scene hazardous areas and recogni-
tion of five groups of personnel intrusion into hazardous areas in fully mechanized mining faces,the results show that the
accuracy of the personnel recognition method of RSCA-YOLOVSs is higher, reaching 97.2%, which is 1.1% higher than
the baseline model mAP@0.5 and 2.5% higher than mAP@0.5:0.95. It has more accurate recognition ability and higher re-
cognition accuracy for small target personnel. The average accuracy of the automatic division of hazardous areas by this

method is 97.285% and the discrimination accuracy of personnel intrusion hazardous areas is more than 98%.
Key words: Fully Mechanized Mining Face; Personnel Intrusion; Hazardous Area; Multi-scale Targets; YOLOvSs;
Automatic Division of Areas
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Fig.1 Overall scheme of intelligent recognition method for personnel intrusion hazardous areas in fully mechanized mining face
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Fig.6 Installation of camera positions in the fully mechanized

coal mining face
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Fig.7 Roadway trend of fully mechanized mining face in the coal mine (*Positive and negative strike definitions are determined by the

positive and negative k-values mentioned in the following text)
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Fig.8 Hazardous areas of work in fully mechanized mining face
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Fig.9 Principle of automatic hazardous area division
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Fig.10 Comparison of the effect before and after image defogging
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Table 2 Parameter values for image quality assessment
before and after Auto MSRCR processing
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Table 3 Results of RSCA-YOLOVS8s model ablation experiments
RFAConv-SE C2f Res2Block CCNet SPC-ASFF Ipi/% Ire/% mAP@0.5/% mAP@0.5: 0.95/% FPS/(f - s7)
x x x x 923 94.0 96.1 62.7 47.793
\ x x x 93.1 94.5 96.8 64.7 45.103
x v x x 93.0 93.6 96.3 63.1 52.689
x x \ x 93.7 93.3 96.2 63.9 49.288
x x x v 94.1 93.9 96.7 63.7 48.692
\ v x x 93.0 95.4 97.0 64.4 45723
\ y \ x 94.2 94.7 97.1 65.1 43.695
< v \ \ 94.2 95.6 97.2 65.2 42818
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Table 4 Experimental results comparing RSCA-YOLO with other models

Ji Io)/% Recall(Ty,)/% mAP@0.5/% mAP@0.5: 0.95/% FPS/(f+ s )
YOLOV5s 93.1 93.3 95.8 60.0 79.653
YOLOV7 90.7 925 94.8 56.4 62.647

YOLOv8s(baseline) 923 94.0 96.1 62.7 47.793
YOLOVS-SPDCony 93.6 94.6 96.5 64.3 38.199
RSCA-YOLOvS8s(ours) 94.2 95.6 97.2 65.2 42818
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Fig.12 Comparison of the recognition effects of different methods on personnel in fully mechanized mining face
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Fig.13 Hazardous area automatic classification test
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Table 5 Results of hazardous areas division
215 1 2 3 4 5 6 7
ST 3866 3876 8412 8336 41812 28 068 32447
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Table 6 Results of personnel intrusion discrimination
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Fig.14 The recognition situation of personnel intrusion
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