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Pedaling Exercise Load System of a Hands-Free Personal Mobility Vehicle for the Elderly
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Abstract: In this paper, pedaling exercise load system for a hands-free personal mobility vehicle to improve walking
ability for the elderly is proposed. The pedal path has been designed based on the foot path during stance phase
of walking, and additionally modified to promote flexion of hip and knee joints. As the pedal mechanism, a planar
four bar linkage mechanism has been designed. The designed controller outputs motor torque computed from desired
pedal reaction force, which is computed from desired joint torque of hip, knee and ankle joints. Through experiments
and musculoskeletal simulations, large flexion of the hip joint, dorsiflexion of the ankle joint and force for lifting the
pedal up was confirmed. Moreover, it was confirmed that the force of the iliac muscle and tibialis anterior muscle was
generated for a long period during exercise compared with the walking motion and bicycle pedaling motion.
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Fig.1 The concept images of the new mobility 4 5.
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Fig.2 The designed pedal path.
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Fig.3 The designed pedal path. (a) Synthesized mecha-
nism (b) target points and obtained path
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Fig.4 The prototype of the pedaling exercise load system.
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Fig.5 Model of the lower limb and pedaling mechanism.
(a) Lower limb model (b) Pedaling mechanism model
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Fig.6 Desired pedal reaction force.
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Fig.7 Desired torque.
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Fig.8 Pedaling motion.

Fig.9 Measured pedaling reaction force.

Fig.10 Forces of Iliac muscle and Tibialis anterior muscle.
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Fig.11 Rate of Iliac muscle force. (a): proposed pedaling
system (b): walking (c): cycling
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Fig.12 Rate of Tibialis anterior muscle force. (a): pro-

posed pedaling system (b): walking (c): cycling
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