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AN AUTOMATED CONSTRUCTION AND DIGITAL TWIN-BASED METHOD 
FOR INVERT EXCAVATION OF MOUNTAIN TUNNELS  

WITHOUT ACCESS TO GNSS 

Hitoshi ISHIDA, Nobuyoshi YABUKI, Sadatoshi OHMORI, Yoichi MORIYA 
and Shinji FUJITA 

In the ICT earthwork, the semi-automatic operation of the construction machine is possible by obtain-
ing the position of the construction machine with high precision by GNSS (Global Navigation Satellite 
System). However, in underground spaces such as mountain tunnels, the GNSS cannot be used, and the 
high precision position estimation in the underground works is difficult. And, it is necessary to grasp the 
arrangement of construction machines, materials, and workers and carry out the detailed adjustment, be-
cause the construction proceeds while many kinds of construction work change in generally narrow spac-
es. In this study, as a position estimation method under a non-GNSS environment, a method to track a 
fixed point in real time using LiDAR was proposed, and rough excavation in invert excavation was auto-
mated by applying it to coordinate acquisition of backhoe in invert excavation. And, the management of 
the automatic construction from the safe remote place was verified by visualizing the process before and 
after the automatic construction, peripheral situation, and related work on the digital twin in a bird’s-eye 
view. 
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