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AUTOMATIC DIRECTION CONTROL SYSTEM FOR SHIELD TUNNELING USING
MACHINE LEARNING TECHNIQUES

Jian CHEN, Hiroichi MASUDA, Ryoma TAKEMOTO, Souichi HOSHINO,
Hiroki KAMADA, Naohiko TAKAMOTO, Hirokazu SUGIYAMA,
Shinya YAMAMOTO, Kojiro NOZAWA and Makoto HONDA

Inshield tunneling, it is essential to assign tunneling plans and to control the shield jacks appropriately so that the shield machine
follows a planned alignment. However, the quality of the directional control of the shield machine depends on the skills of its
operators. Herein, an automatic direction control system considering the amount of soil excavated along a tunnel as an objective
and the deviation limits as constraints, and force acting points of shield jacks that is equivalent to the techniques utilized by a skillful
operator is described. The developed control system uses particle swarm optimization (PSO) based constrained combinatorial
optimization technique to assign tunnel segments. In addition, the control system adopts machine leaming models trained by
gradient tree boosting with the operational data related to the actions of skilled operators. To validate the performance of the control
system, a shield machine was driven according to the system at a site under construction. Deviation from the planned path and
the attitude of the shield machine were within set tolerances. The results show that our control system has applicability in real

environments.
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