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Atomaton: The Japanese tea serving doll

18th century to 19th century



Honda E series

EO E1 E2 E3 E4 ES E6
(1986) (1987) (1989) (1991) (1991) (1992) (1993)

Weight 16.5 kg 72 kg 67.7 kg 86 kg 150 kg 150 kg 150 kg
Height 101.3cm 128.8cm 132cm 136.3cm 159.5cm  170cm 174.3 cm

Degrees
of 6 12 12 12 12 12 12

freedom




Honda P series

1997
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AIST / Kawada Industries : HRP series



http://www.youtube.com/watch?v=EpO57NltoAI
http://www.youtube.com/watch?v=EpO57NltoAI

Androids

® A robot that closely resembles
a human

® Human robot interaction

Prof. Hiroshi Ishiguro


http://www.youtube.com/watch?v=CfL_wZk25TM
http://www.youtube.com/watch?v=CfL_wZk25TM
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Zero-Moment Point (ZMP)

[Vukobratovic et al. 1972]

We can maintain balance as
long as the ZMP is staying
within the support polygon. @&
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Zero-moment point



Derivation of the ZMP

[ Takanishi et al., 1989]
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Vectors of a walking mechanism



Derivation of the ZMP

/MP equations with external forces and moments
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ZMP Jacobian Compensation

[Sobota et al., 2003; Wollherr et al., 2003]

qt qd q =
>® > Motion Control I Se—s Pz = Pz (q)
19
Aq ap ,vp = 122;41) dq
. . 4 . H <
o -qr q:JZMP(qa)pZMP —
Pzvp pZMP:JZMP( a)q
J ( q ): OP 7ip OP 7ip
S aq, oq, R i
- “lg=q, q:JZMP( a)'PZMP
 Ox, ox, |
J ( ): 0P 0P _ 0q, oq,
zmp \4 4 oq, aqn » oy, oy,
a an aQn




Dynamics equations
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The Cart-Table Model

[Kajita et al. 2003]

The ZMP of the Cart-Table Model
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ZMP Model-based Feedback controller configuration

[Kajita et al. 2003]

Balancer Module

Gyro q Body
Kalman | inclination
filter
Accelerometer
Stabilizer . Joint servo
Force/torque
Sensor ZMP »
encoder )

References of Joint angles,
body inclination and ZMP



Learning Approach

[Chalodhorn et al. 2006]

Learning to walk through imitation

QuickTime™ and a
decompressor
are needed to see this picture.




Dimension reduction

Gaussian process latent variable model [Grochow et al. 2004]



file://localhost/Users/Choppy/Documents/IJCAI07%20Keynote%20translated.key
file://localhost/Users/Choppy/Documents/IJCAI07%20Keynote%20translated.key
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Learning through low-dimensional spaces

Gyroscope signal of Xaxis
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[Chalodhorn et al. 2005]
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Learning by imitation results




Learning by imitation results




/B
ntrinsically low-dimensional humanoid motion




Conclusion

® Humanoid robots are used as a

research tool in several scientific areas.

® Although the initial aim of humanoid

research was to build better orthosis

and prosthesis for human beings.


http://en.wikipedia.org/wiki/Orthosis
http://en.wikipedia.org/wiki/Orthosis
http://en.wikipedia.org/wiki/Prosthesis
http://en.wikipedia.org/wiki/Prosthesis

Future of Humanoid robots

Near—OptifmaI Graphs
or
Compact Character

Controllers
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(with audios)






