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Research on Walking Support Technology using FES (Functional
Electrical Stimulation) based on Muscle Cooperation

Ryo Fukui, Yoichi Hori (The University of Tokyo)

Abstract

In this paper, the walking assist system using FES (Functional Electrical Stimulation) taking muscle fatigue into

account is given by introducing muscle cooperation. Relation between the generated force at the top of leg and muscle

tensions is made clear and the effective walking model is designed based on this property. Further, the method to

reduce interference between stimulations and muscles is proposed.
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( FES(Functional Electrical Stimulation), Muscle Cooperation, Decoupling of Stimulation )
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Fig. 1 human walking model
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Mg+ MI[fcos(61) + (6, + 65) cos(61 + 65)] (1)
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Fig. 2 human knee angle example during walking
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Fig. 3 human muscle-skeletal model and an

electromyogram
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Fig. 4 foot force and muscle tension
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Fig. 5 relation between each muscle and foot force
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Fig. 6 output force direction and maximum value
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When muscles' maximum tensions are as follow

flmax=786(N); f3max=540(N); elmax=400(N); e2max=672(N);
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Fig. 7 output force direction and each muscles’ tension
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Fig. 8 vertical position of center of gravity
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Fig. 10 each muscles’ desired force
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Fig. 12 output force caused by stimulating each muscle
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Fig. 13 leak of stimulation and each parameter
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Fig. 14 setup of walking experiment
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Fig. 15 joint angle during natural human walking
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