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Abstract: In drill-and-blast tunnel construction, the geometric configuration and retained dimensions of the core soil directly
influence tunnel settlement magnitude and surrounding rock stability. Traditional manual monitoring methods are inherently
subjective, inefficient, and fail to meet real-time monitoring requirements. This paper proposes an automated core soil monitoring
method based on an improved YOLO framework. By defining core soil feature points, a standardized annotation system is
established. A lightweight detection model incorporating the Convolutional Block Attention Module (CBAM) is designed,
effectively suppressing false detections caused by uneven illumination, dust interference, and blurred soil boundaries. Integrated
with perspective geometry vanishing point prediction techniques, the VPTR model is employed for vanishing point detection
and geometric constraints. This approach corrects perspective distortion errors in core soil cross-section shape calculation,
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incorporates core soil dimensions and proportions into potential risk classification criteria. For engineering deployment,
knowledge distillation and dynamic precision-switching techniques are adopted to enable lightweight operation on edge computing
devices, supporting the real-time decision-making demands of “monitoring while excavating”.

Keywords: drill-and-blast tunneling; core soil; YOLO framework; keypoint detection; vanishing point detection
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Schematic diagram of key points

Figure 1
for the core soil
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Figure 2 YOLOVS keypoint estimation network architecture
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on the tunnel face
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