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Controller Decomposition of Body / Motion Elements and Similarity Evaluation of Motion

based on Dynamical Characteristics of Robot Motion

*Masaaki WATANABE and Masafumi OKADA (Tokyo TECH)

Abstract— Robot control system that consists of a feedback controller and reference motion pattern is
widely used. High calculation cost is also required to design the control system. So far, we have developed
a controller design method based on an orbit attractor of nonlinear dynamics. The controller is decomposed
into motion and body elements, and a new controller can be easily obtained by the combination of these
elements. However, in the decomposition stage of the controllers, ”"same motions” for several robots have
to be prepared a priori. Because it is not easy for us to define which motions are identical for a number of
robots with different dynamical characteristics, a heuristic way is employed and the appropriate controller
is not obtained sometimes. In this paper, we propose a verifying method of identifying various motions.
This method is based on the vector field in the state-space, and makes use of the motion elements. The
effectiveness of the proposed method is evaluated by simulations using tapping dance robots.
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Fig.1 Robot motion control system
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Fig.2 Decomposition of dj,
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Vi=v-73 (24)
v=(z1 —w0)/B (25)
5 = (1 — 20)/5 = BAd(xo) (26)
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Fig.3 Motion evaluation
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Fig.4 Tapping dance robots
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Table 1 Base motion frequency

Robot L | Robot S
Motion 1 1.077Hz | 1.034Hz
Motion 1.5 — 1.632Hz
Motion 2 | 2.196Hz | 2.217Hz
Motion 2.5 - 2.892Hz
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Fig.5 Locus of state
variable using OF
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Table 2 Combination of new controller (Case 1)

Robot L | Robot S
Motion 1 or oS - Ay
Motion 2 oL o3 — Ay
— It - TS
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Table 3 Obtained motion frequency (Case 1)

Robot L | Robot S
Motion 1 | 1.057Hz | 1.018Hz
Motion 2 | 2.260Hz | 2.289Hz

Table 4 Combination of new controller (Case 2)

Robot L | Robot S
Motion 1 oL 05, — Ay
Motion 2 oL 05, — Ay
— It - TS
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Fig.9 Locus of state Fig.10 Locus of state
variable using @L variable using @2
(Case 2) (Case 2)
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Table 5 Obtained motion frequency (Case 2)
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Fig.11 Motion evaluation index of Motion 1 for robot L
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Fig.12 Motion evaluation index of Motion 2 for robot L
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Robot L | Robot S
Motion 1 | 1.039Hz | 1.660Hz
Motion 2 | 2.226Hz | 2.920Hz
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