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A Method for Superimposing Virtual Environment and Real Environment
Eimei Oyama*!, Naoki Tunemoto*!, Susumu Tachi*? and Yasuyuki Inoue*®

Tele-existence is an advanced type of teleoperation system that enables a human operator to perform remote
manipulation tasks dexterously with the feeling that he or she exists in the remote anthropomorphic robot in the
remote environment. In order to extend the function of a human, an extended tele-existence system with virtual
reality technology was proposed. For example, when visual information cannot be used because of smoke due to fire,
then a human operator still can see the virtual environment of the scene and can control the robot. The model of the
environment can be constructed from the design data of the environment. Usually, there are errors in the model of
the environment. Large errors in parameters may fail operations using the virtual environment. In order to
compensate for the errors, the calibration technique using model based image measurement is proposed for matching
the real image and the virtual image.
environment was successfully conducted.

After the calibration, an experimental operation in the almost invisible
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Fig.1 Extended tele-existence system with virtual reality
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Fig.2 Block stacking in virtual reality
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Fig.3 System configuration of experimental extended
tele-existence system
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Fig.4 Model based image measurement system
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(a) Camera image

(b) Virtual image

Fig.5 Real image and virtual image
during correspondance detection
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Fig.6 Tele-existence experimental environment
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Before calibration
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Fig. 7 Calibration of plant environment

After calibration
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(a) Before calibration

(b) After calibration

Fig. 8 Calibration of plant environment

Table 1 Calibration conditions and results
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Plant Environment| om gles
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6 7

ed Parameters
RMS Error onImage | ¢ o7 0oy 16.5(Hand)
(Pixels)
(.I‘i, y,-) (8.2, 2.2) (16.2, 40)
RMS Error [cm] 2.0(Lever) 3.8 (Hand)
(z, ¥, 2) (1.6, 0.7, 1.0) (3.2, 1.5, 1.5)
Max. Error [cm] 2.8(Lever) 4.9(Hand)
(xz, ¥, 2) (2.4, 1.1, 1.5) (3.9, 2.2, 2.0)
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(a) Before calibration

(b) After calibration

Fig.9 Calibration of joint angles
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Fig.10 Operation in almost invisible environment

Fig. 11 Operation in visible environment
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(a) Real image and virtual image in almost invisible
environment

(b) Virtual image

(¢) Result

Fig. 12 Display images of operation in almost invisible
environment
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