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A Model of Adaptation to Environmental Changes in Rhythmic Movements

Satoshi ITO*, Hideo YUASA™, Zhi-wei LUO*,
Masami ITO* and Dai YANAGIHARA***

This paper considers an adaptation of rhythmic movements to changes in environments. Perturbed locomotion
has been proposed as a new paradigm of motion learning. Here, we formulate this phenomenon with CPG model
and give a rule for parameter changing in locomotion patterns. Our rule is derived from a criterion that less
interaction is more natural in CPG oscillation. Then extending our approach, we discuss general features and
necessary conditions for rhythmic motion and propose a mathematical framework for its adaptation.
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Fig.1 Perturbed locomotion with decerebrate cat.
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Fig.2 Changing of locomotion pattern according to pertur-
bation by experiments.
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Fig.3 Connection of four oscillators.(LF: left foreleg, RF:
right foreleg, LH: left hindleg, RH: right hindleg)
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Fig.4 Stance phase and swing phase. In this case, only the
LF (o) is in swing phase and the others (LH, RF, RH)
are in stance phase.
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Fig.5 Normal locomotion. Fig.7 Purturbed locomotion without adaptation.
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Fig.6 Oscillor interaction during normal locomotion. No in-
teraction works.
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Fig.8 Oscillor interaction in perturbed locomtooin. The in-
teraction works so that locomotin should converge to
memorised pattern.
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Fig.9 Principle on adaptation in perturbed locomotion.
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Fig. 10 Adapted locomotion to perturbation.
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Fig.11 Oscillor interaction in adapted locomtooin. The in-
teraction decrease with adaptation.
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Fig.12 Evaluation function Vp, which decrease with adap-
tation.
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Fig.15 The duration of swing phase, stance phase and step
cycle for left and right foreleg (LF and RF) by simula-
tion. The first stage (20 steps) is normal locomotion,
the second (15 steps) is perturbed locomotion before
adaptation and the last one (20 steps) is adapted lo-
comotion.
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Fig.16 The duration of swing phase, stance phase and step
cycle for left and right foreleg (LF and RF) by exper-
iment with decerebrate cat. Each stage is the same
in Fig. 15
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Fig.17 Framework for Adaptation in rhythmic movements.
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