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Development of a Restraint Free Walking-Assistance Apparatus

Taken into Account the ZMP of Apparatus and User
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Abstract: We developed a prototype for walking-assistance that serves as a next-generation vehicle or movable
neuro-rehabilitation training appliance for elderly or motor palsy patients. Our prototype uses a novel spatial parallel link
mechanism with a weight-bearing lift. The flat steps of the apparatus move in parallel with the ground; the apparatus
supports complete leg alignment, including the soles of the feet, and assists walking behavior at the ankle, knee, and hip
joints simultaneously. We suggested the control method to help prevent stumbling during walking by compensating the
target point of grounded for a swing leg, taken into account the calculated stable ZMP point. To obtain each ZMP, the
apparatus and user, we proposed to make dynamics models of the apparatus and user individually, because this apparatus
was restraint free type. To derive each dynamic equation for the apparatus and user precisely, the pressure sensors between
the apparatus and user and between the apparatus and ground were attached. Furthermore, to get acceleration data of the
foot and waist directly, triaxial acceleration sensors were attached, and time delay by filter decreased as compared to used

encoder data. By using the real time ZMP data during walking, we confirmed the feasibility of our method.
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Fig. 1 Structure outline of the mechanism
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Fig. 2 Structure outline of the mechanism (Side view)
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Fig. 3 Photos of the apparatus and weight bearing lift
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Fig. 5 Apparatus model of Stance phase to make equation
(Side view)
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Fig. 6 Apparatus model of Swing phase to make equation
(Side view)
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Fig. 7 Human model to make equation (Side view)
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