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(a) on pipe  (b) on ball (1st)
Fig. 10 Robots that balance on pipe and ball.

(c) on ball (2nd)
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Omniwheell

Fig. 20 Driving mechanism of the ball.
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(a) Definition of axes

z

whee/lycb

(c) Side view

(d) Top view

Fig. 30 Definition of axes and relationship between ball and wheels.
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Fig. 40 Inverted pendulum model of the robot.
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Fig. 50 Displacement of the robot and restoring force.

Push

@

VAN A

@) Attitude

A stabilize

Fig. 60 Behavior of the robot when it pushed under

free motion mode.

0 (a) Using ball-IP O (b) Using omniwheeled IP

Fig. 70 Object supported by multiple inverted pendu-

lums.
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O

free area

forbidden area

Fig. 800 Setting forbidden area using selective position

gain.
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constraint

Kr5)=0
free motion

driven

free roller
0 (a) Ball-IP motion [J O (b) Omnidirectional wheel

Fig. 90 Assuming the inverted pendulum with a ball as

an omnidirectional wheel.
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(b) Fluctuation in inclination ([deg]).

Fig. 100 Experimental results when robot was com-
manded to stand still. Acquisition interval (points on
graphs) was 50 [ms].
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(a) Change in target point and actual position.
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(b) Change in inclination of the robot.

Fig. 110 Experimental results when robot was com-

manded to move straight.

(b) Human-robot cooperation.

(c) Robots co-ope.

Fig. 120 Application of the robot in transportation.
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