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Modeling and Analysis of a Biomimetic Foot Mechanism
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{ Abstract }

In these days, biomimetic apprioach in the design and control of robotic system has drawn much attention. The
human-being and mammals possess their own feet. Using the mobility of their feet, they are able to walk in various
environments such as plain land, desert, swamp, and so on. Previously developed biped robots and four-legged robots
did not employ such adaptable foot. In this work, a biomimetic foot mechanism is investigated through analysis of
the foot structure of the human-being. This foot mechanism consists of a toe, an ankle, a heel, and some springs
replacing the foot muscles and tendons. Using five toes and springs, this foot can adapt to various environments.

A mathematical modeling for this foot mechanism was performed and its characteristics were observed through

numerical simulation.
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Fig. 1 (a) The bone of the foot from the dorsal view,
(b) Right: the intrinsic foot muscles from the
plantar view”
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Fig. 3 The 4-bar linkage with an arch similar to the
human foot
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Fig. 4 Range of motion of the joints of the foot”
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Fig. 5 Stance phase

Fig. 6 Biomimetic Foot Mechanism
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Fig. 8 Kinematic parameters of a biomimetic foot model
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Table 1 Kinematic Parameters for the single chain

Parameter Value
Link 1,=0.02m, 1,=0.02m, 1,=0.04m,
1,=0.015m
Stiffness iy =k, =h,5=12,000N/m
Damping b,,=b,,=b,,=200Ns/m
Weight 26kg
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Fig. 11 The simulator for the dynamic analysis
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Fig. 12 The foot motion when the weight is applied
vertically at the ankle position

Fig. 13 Motion of the tilted foot by 10° when the
weight is applied to the vertical direction at
the ankle position
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Fig. 15 Motion of the tilted foot by 10° when a weight
is applied to the vertical direction (DAFUL)
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Fig. 16 Motion at uneven surface (DAFUL)
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Fig. 18 Landing simulation at the even terrain (DAFUL)

(a) Flat foot
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Fig. 19 Landing simulation at the simply uneven terrain
(DAFUL)



MBE - OI'EF

-

(a) Flat foot

(b) Bio-mimetic foot

Fig. 20 Landing simulation at the complex uneven
termain (DAFUL)
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