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Abstract

This paper proposes a novel control method for walking assist devices using unswitching impedance control, which

is more robust against parameter variation that arises during walking. It is shown that the proposed method is

effective in reducing acceleration and jerk. Relevant simulations and experiments are conducted and the results are

provided with discussion.
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Fig. 1. Walking model
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Fig. 2. Block diagram of stride-estimation algorithm
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Fig. 3. Detail of stride-estimation algorithm
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Fig. 4. Walking model when changing legs
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Table 1. Parameters of leg

Mass m [Kg] 50

Leg length r 0 [m] 1.0

Reference of leg length r ref [m] 0.95

Reference of angular velocity ˙� ref [rad] -1.0

Reference of angle � ref [rad] -0.5

Walking cycle T [s] 0.5

Inertia of leg J [kgm2 ] 0.41

Initial value of angle � 0 [rad] 0.0

Initial value of leg length r 0 [m] 1.0
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Fig. 5. Results of walking simulation
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…�‡�p�t�|

�2�æ�Þ�Ã�ç�›�á�ˆ�M���Ü�p¯�`�|�2�æ�†���=�w�h�Š�tž�A
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~�“
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~�“�8�Q�Ì�t	!�Z�”	¿�8�—�›�Ã

�§�ç�Ä�2ª�p�-�‰�b�”�q�|	¿�8�—�x�|�Ü (29) �p�-�‰�p�V�”�{

F = m
∆v
∆t

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � (29)
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vold
y = ṙ old cos � old � r old �̇ old sin � old

vold
x = ṙ old sin � old + r old �̇ old cos � old

� � � � � � (30)

(
vnew

y = ṙ new cos � new � r new �̇ new sin � new

vnew
x = ṙ new sin � new + r new �̇ new cos � new

� (31)

�\�w��w
~�“�8�Q
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y � vold

y � � � � � � � � � � � � � � � � � � � � � � � � � � � � (32)
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(a) Calculation of im-

pact force
(b) Velocity vec-

tor of stance leg
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Fig. 6. Walking model
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(b) Vertical acceleration
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Fig. 7. Vertical velocity and acceleration of walking

simulation
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Fig. 8. Conventional Walking control using impedance

control
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Fig. 9. Sensorless impedance control of leg length


$ 10 
M�š�+�›
~�“�8�Q�”
�µ� �¿�½�w�Ì��
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Fig. 12. Switched impedance control (Conventional)
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Table 2. Parameters of controller and plant

Walking cycle T [s] 0.5

Mass m [kg] 8

Initial value of swing leg r sw; 0 [m] 0.25

Pole of closed loop [Hz] 12

Inertia of model impedance mm [Kg] 80

Elasticity of model impedance km [Kg/s2 ] 8000
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(Switching controller)
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Fig. 13. Simulation results (Leg length)

(a) Acceleration comparison

(b) Jerk comparison
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Fig. 14. Simulation results (leg acceleration and jerk)
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Fig. 15. Compass type walking robot


$ 16 �m�Õ�w�C���S�wz�±

Fig. 16. Acceleration comparison
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