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A Tunnel Automatic Shotcrete Robot Based on 8-DOF
Manipulator

Abstract: At present, the tunnel surface initial spraying of the tunnel
construction is mainly completed Dby manually controlled
multi-degree-of-freedom shotcrete robots. Due to the harsh environment
of the tunnel and the high labor intensity, the work is extremely harmful
to the construction workers. It is an inevitable trend of social
development to use automatic spraying instead of manual spraying when
doing tunnel surface initial spraying. However, there is very little research
on automatic surface spraying at home and abroad. This paper designs an
automatic shotcrete system for an 8-DOF tunnel shotcrete manipulators.

This paper designs a method based on translational rotation operation
for the forward kinematics model instead of the traditional D-H table; The
inverse kinematics model is solved by the fixed joint angle method and
the pose separation method. The 2D Lidar is installed with the
electronically controlled pan to obtain the 3D point- cloud data of the
tunnel surface which is processed by denoising, sampling, central axis
extraction and tunnel feature extraction. Then, the 3D point-cloud data is
processed by the point-cloud slicing technology, and the optimal spraying
trajectory planning is realized according to the detection result of the
surface to be sprayed. Considering various factors such as comprehensive
drive characteristics and load conditions of the manipulator, this paper
designs a segmented PID-based control algorithm to control the joint
movement of the arm to achieve automatic shotcrete. After the hardware
modification of the original machine (with the industrial computer
responsible for the upper layer operation, the motion controller
responsible for the motion control and various types of sensors), this
paper designs the control platform of the automatic shotcrete robot, and
the operation mode is divided into automatic and Semi-automatic
spraying.

The real machine experiment verification is carried out under the
simulated tunnel environment, which can realize the 3D reconstruction of
the surface to be sprayed, the trajectory planning and the motion control



function. It shows that the robot system designed in this paper has the
feasibility for tunnel automatic spraying.

Keywords: 8-DOF Manipulators; kinematics model; 3D reconstruction;
trajectory planning; motion control
Classification: TP391.4
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