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Pseudo-Reference Based on Autonomous Control System with an Orbit Attractor
Masafumi OKADA ™" and Masaaki WATANABE

! Dept. of Mechanical Sciences and Engineering, Tokyo Institute of Technology
2-12-1 Ookayama,Meguro-ku, Tokyo 152-8552

For robot-robot or human-human motion instruction, a reference motion pattern is required to show how to move.
The reference will be an enhanced motion pattern because of time delay or latency of the closed loop system. In this
paper, we propose “Pseudo-reference” that is derived from an autonomous control system based on an orbit attractor. The
nonlinear controller is decomposed into a feedback gain and pseudo-reference which is a virtual target posture. Even
though the feedback controller is unknown, it can be estimated from the nonlinear controller, and pseudo-reference is
obtained. The simulations using an inverted pendulum system show the appropriateness of the pseudo-reference for a
reference pattern, and the experiments using a tap dancing robot demonstrates that the estimated controller also leads an

appropriate reference pattern.
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Fig. 1 Feedback loop system for robot motion generation
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Fig. 2 The sequence posture of long jump
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Fig. 5 Autonomous controlled system

Fig. 6 Controller decomposition into K and x"¢/
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Fig. 7 Inverted pendulum system
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oo0oooo0oobooboOox0bo0oGOooobOoOooooobooooOo0o0ooobO0oooDO0D @O EDooOog
gbobo0rgbobob0oboOobOOobOobob E00ob0oboooooboboboobooboboobobooboro KO
gboboooobobooooo zbobooooobobooooboboooobooboboon

42 O0OOO0OO0OOOO

oo0o0200000000ACOCOOOOOUOOADODOOODO(GUOOOOOOOOO0OO0O0000@ODO
gbooobobovJsboooboobooboan

1000
> w=lo100 (11
000 1

JIK = wi |2 ] — 2 e — 1|+ || W/ ]|

gobooboboooooobooboooooooboobooobooobooobooboooobooooaon
wWOOOOoO X< 0000 6e060y0 0000000000000 0000DO0D000000000ODOOwO
wp,0ODOOOOO0O00000o0oO0O00000 1ooooooooobooo20b000b00000o0o0b00go

B
) 0 [rad]

0 [rad/sec]

0 [rado/sec]

y [m]

Fig. 11  Motion of the inverted pendulum by autonomous

Fig. 10 Pseudo-reference of the inverted pendulum motion controller
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Fig. 12 Pseudo-reference with a disturbance
Fig. 13 Position of the cart with a disturbance
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Fig. 15 Motion of 6,

Fig. 14 Tap dancing robot and its dynamical model
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Fig. 17 Pseudo-reference of the tap dancing motion
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Fig. 18 Time sequence 6; and its pseudo-reference 6,/
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