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Unmanned construction of hydraulic excavators has been used to ensure worker safety and improve
the working environment at mining sites, however conventional unmanned construction techniques
reduce work efficiency. The purpose of this paper is to develop an interface of a semi—-autonomous
tele—operation system using a leader—follower robot and a nonlinear dynamical system for unmanned
hydraulic excavators.

Chapter 1 outlines the current state of the art in unmanned construction of hydraulic excavators,
and outlines the proposed semi—autonomous leader-follower system, as well as environmental
information presentation and autonomous control techniques for remote control.

Chapter 2 describes the design of the semi—autonomous leader/follower system, which consists of a
leader/follower robot, manual operation by admittance control, and autonomous control by a nonlinear
dynamic system.

Chapter 3 proposes an autonomous control system including an attractor with stagnation and
bifurcation to realize discrete task selection.

Chapter 4 designs task priorities to reduce human operation burden and operation errors in discrete
task selection. By adding distortions to the stagnation, I design a vector field for presenting the
direction of operation and a learning rule for the distortion parameter that changes the task
priority according to the frequency of operation based on the human operation history.

Chapter 5 designs a continuous task selection for an orbit attractor to change the excavation
position and excavate a wide area. Coordinate transformations are added to the semi-autonomous
control system to achieve continuous deformation of the trajectory, including changes in the
excavation start position.

Chapter 6 proposes a method to extend the robot’s state space to design a bifurcation of the
attractor in the discrete task selection proposed in Chapter 3 in situations where there are
intersections or proximities other than branching points between trajectories of branching tasks

Chapter 7 proposes a new attractor design method that ensures global stability and enables direct
teaching and online deformation of trajectories

Chapter 8 summarizes the thesis and discuss the results, future works, and prospects of the

research.

fE#% © WCEEIL, 32000 F &I 300 GEE L ETORMET D2, b L<ITTIL 800 #5241 et LT 7230,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HE  ASTEE L, LRI —FUARTN (T2R2) IZTA o Z— Ry MARINET O T, AR ATRERHPHO N TIERL TZS0,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository ~Website (T2R2).



