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Dance teaching, sports teaching and rehabilitation require to transfer motion skills from a ”teacher” to a
”student”. So far, we proposed a ”Pseudo-Reference” based on attractor design method. The pseudo-reference is a
virtual reference derived from a controller of an autonomous system. It does not always coincide with the measured
posture but gives us the timing and amplitude of the input torque which represents knack of motion. However,
for multiple degree of freedom systems, the controller is designed with a high order function and it is not easy to
obtain an autonomous system. In this paper, we propose a reduced order controller design method of attractor.
Based on the correlation of the measured data, the principal component analysis gives us dimension of the motion.
The effectiveness of the reduced controller is evaluated by using the tap dancing robot, and pseudo-reference is

applied to multiple degree of freedom system.

Key Words: motion transfer, pseudo-reference, attractor design, motion emergence
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Fig.1 The sequence posture of long jump
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Table 1 The value of L with respect to n and ¢
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Fig.2 (a)Tap dancing robot[6], and (b) Motion and mod-
eling of tap dancing robot
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Fig.3 Tap dancing motion and pseudo-reference with
original controller

0, [rad

(b) |
1

5 6

Fig.4 Tap dancing motion and pseudo-reference with re-
duced controller
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Fig.5 Legged dynamical model
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Table 4 The value of L and L with respect to ¢

‘ Exponential number ¢ ‘ 4 ‘
Number of terms L
(Original controller n = 17) PO85
Number of terms L 138
(Reduced controller n = 17, r = 5)
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Fig.6 Human half locomotion and its pseudo-reference

3

gbooooooooobooooobooobooboobn
000000000 Fg6000000D0O0O0ODOOO
gooboooooooboobooboooobooboooobo
gbooooooooooboooboobooboobo
gboboooboooooboooobooooooboobn
gboboooboooobboobobooboooooooboooobo
gooooooooooe, 0, 000000000000
gooooobobooooboboooboboboobooo
gboobooooooboobooboobooobooooboobo
gboboooooobooobooooboooboooboooobn
gbobooooobooooobooooboobooog

5. Ugono

gboooooboooboooboooboobooooag
gbooooboooooooboooboooboooobooobo
gbooooooooooboooboooobooboobo
gboooobooboooooboboooooboon

1. 00bo0ooboooobooooooooboooooo
uboooooobooboooooboo

2.0000000000O000DOO0OOCODOOODOO
gbobooobooboooboobooooboooog

. 00b000ooooooboobooooboooooooon
gobooooooboooboooboooooooo

oo

goooooooOOoOoO0OO0OO CRESTOOOOO0O0O000O0
gbooooooooboooboobobooboooooobo
gbooooobooon

gd
(1] O0O,00. DOODOO0DOOOOODO0OOOO0OOOOOODOOD
O00.02700000000000000 (RSJ 27th), pp. 1L3-

03(CD-ROM), 2009.

2] O0O,00,00.0000000000D000000DOOOOOO
00o000o00ooO000. 0b0o0o00o0o0oo0, Vol. 41, No. 6,
pp. 533-540, 2005.

(3] B.D.O.Anderson and Y.Liu. Controller reduction : Concepts
and approaches. I[EEE Trans. on Automation and Control,
Vol. 34, No. 8, pp. 802-812, 1989.

[4) DOO0O. O0DODOO0ODOOOODOOOOOODDOOOODOOO
0000DO00o0oooooO. Dooo/oo/00, Vol. 54, No. 1,
pp. 22-27, 2010.

[5] T.Sugie and T.Yoshikawa. General solution of robust tracking
problem in two-degree-of-freedom control system. IEEE Trans-
action on Automatic Control, Vol. AC-31, No. 6, pp. 5562-554,
June 1986.

[6] M. Okada and K. Murakami. Robot communication principal
by motion synchronization using orbit attractor. In Proc. of the
IEEE International Conference on Robotics and Automation
(ICRA’07), pp. 2564-2569(CD-ROM), 2007.

No. 11-5 Proceedings of the 2011 JSME Conference on Robotics and Mechatronics, Okayama, Japan, May 26-28, 2011
2P2-Q14(4)



