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Development of a Rock Mass Information System for TBM Tunneling Faces

GONG Qiuming', HUANG Liu', LIU Yongqiang’, XIE Xingfei', HAO Gang’, ZHANG Fang’
(1. Key Laboratory of Urban Security and Disaster Engineering of the Ministry of Education, Beijing University
of Technology, Beijing 100124, China; 2. Beijing Jiurui Technologies Co., Ltd., Beijing 100107, China)

Abstract: Herein, a rock mass information system for tunnel boring machine (TBM) tunneling faces based on machine
vision technology is developed to enable safe and efficient image acquisition and intelligent identification of rock mass
information at the tunneling face. The system comprises three modules: image acquisition, control and communication,
and image processing and visualization. An anti-vibration, sealed housing is developed to protect the image acquisition
module, enabling stable installation inside the cutterhead manhole. In addition, a multi-linear-array camera collaborative
rotation acquisition method is proposed to achieve wide-area image capture within the confined space in front of the
cutterhead. A hybrid wired-wireless transmission scheme is employed to ensure stable system communication. To
address image distortion and misalignment, a multi-angle image processing method based on error correction is
proposed. Corresponding software is also developed to enable acquisition control and data visualization. Validation
through laboratory and on-site tests confirms the following results: (1) the system provides an image resolution better
than 1 mm/pixel at a shooting distance not exceeding 950 mm; (2) the designed terminal structure satisfies practical
engineering requirements for vibration resistance and sealing, demonstrating stable operation under TBM construction
conditions and reliable acquisition of tunnel face images; and (3) during field deployment, the system completes a single
acquisition cycle in approximately 280 s, with an average data transmission rate of about 80 Mbps and a packet loss rate
below 1%, thereby ensuring the acquisition of clear two-dimensional tunnel face images.
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Fig. 2 Installation diagram of acquisition device
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Fig. 3 System acquisition control logic
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Table 2 Image parameters at various acquisition distances

SRR, HINBEY SRR HHERAE  SBRR4E
mm /(mm/pix) T/ (mm/pix) 5/ m Yo HEl/m
200 0.20 0.21 1.8 1.8
250 0.26 0.26 2.2 2.2
300 0.31 0.31 2.6 2.5
350 0.36 0.36 3.1 3.1
400 0. 41 0.42 3.5 3.4
450 0.46 0.47 3.9 4.0
500 0.52 0.52 4.3 4.3
550 0.57 0.57 4.8 4.8
600 0.62 0.62 5.2 5.3
650 0.67 0. 68 5.7 5.7
700 0.72 0.73 6.1 6.1
750 0.78 0.78 6.5 6.5
800 0.83 0.83 7.0 7.0
850 0. 88 0. 88 7.4 7.4
900 0.93 0.94 7.8 7.8
950 0.99 0.99 8.3 8.3
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