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A Study on a Virtual Object Exploration Using a Force Reflection
Virtual Teleoperation System
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Abstract

This paper develops a master manipulator which can reflect a force from a slave manipulator
effectively. It may have a big workspace, can represent a human operator's manipulation perfectly, and
is composed of a position control part, an orientation control part and an end effector control part.
This paper also develops a graphic simulator using the Visual C++ and OpenGL in the Window
operating system. It can be used to make a virtual slave manipulator and set a virtual working
environment, and provide a visual information from a desired view point. A virtual teleoperation system
is developed by connecting the developed master manipulator to the graphic simulator using an
interfacing hardware bilaterally. It is used for performing a virtual object exploration experiment. In the
experiment, two virtual objects are used. They are virtual wall and virtual hexahedron which have
0.7N/mm and 2.2 N/mm stiffness respectively. The experiments are performed under six different
working conditions. The experiment results will show the effectiveness of the reflected force from the
slave manipulator for improving the efficiency and stability of the teleoperation task.
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Fig. 1 Force reflection master manipulator
H4 53 ge ARzl B
gl ggs 3 ek
2 AN 276
ek @S W T F o9l

H}

Al F
2He] #7 Apo] ol A
Z o] go]3
GARE U daaRgx R
a8 944
date AAAAM A
, 7Hdel AdEA
T odE 299 A
OpenGL%  ©] &3}

N> A4 B opk

[¢]
Ed o8 E Visual C++

Aasict wa o] o] Awrd FxAriek I
7 AEHolEE FuFe g Falol 7hedtA 3§t

o FAael QAZANAYE g o) ol
Aga el AAXAN2YS ol §t] F 7t
Aol gASH F A 44 L AR e A
g zaolA 7hd BA B4 A9 SR,

2. 8l ghak FxE| 9 Y
B AFME 384559 X E(gimbals) TEE
b= gFAR R} 3K AXNBAE, 12
e gatanga For 749 3 iFg Fx
ANE st weba " FERAVE 3
A9 B Agste F2FVIY AE H

;M 6+l AFEE AR Y Fig. 12 AEd
Fz227|E HoFEh

fAzAN 2D E AR FEAVE F
I AR ARRE Fase Fx2FAVE A

=
=
=



g s Mg AAZR AARE ol &8 JH A B

Table 1 Maximum torques, angular resolutions, and
rotational ranges of the master manipulators
joints

Joint Th;l;xuec(;)s;;) Resolution Range
2.7214 0.015° +180° ~ -180°
2.5918 0.016° +162° ~ -162°
2.2162 0.019° +67°  ~ -247°
0.2637 0.077° +180° ~ -180°
0.2079 0.083° +180° ~ -180°
0.2079 0.083° +180° ~ -180°
0.0511 0.339° +180° ~ -180°
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Fig. 2 Graphic simulator
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Fig. 3 A virtual teleoperation system
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Fig. 4 A block diagram showing the control
procedure of the virtual teleoperation
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Table 2 Virtual wall exploration result when the
force information is used in real time
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Fig. 6 Virtual wall exploration result(a, b, c) and
virtual hexahedron exploration result(d, e, f)
(a,d) only with visual infor.
(b,e) with time delayed visual and force infor.
(c,f) with real time visual and force infor.
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