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Center of Mass Velocity Control during Stance Phase by Endeffector Force Control
in the Leg Coordinate for Biarticularly-actuated Leg System
Shinta Sonokawa®, Yasuto Kimura, Oh Sehoon, Yoichi Hori (The University of Tokyo)

Abstract

This paper proposes velocity control of the center of mass of a human body with attached ankle foot orthosis during

the stance phase. We propose a new coordinate system for the center of mass that achieves model simplification with

a biarticular actuator transformation. This allows for simple control design of the velocity and position of the center

of mass. In addition to simplified control, the proposed mathematical model for an ankle foot orthosis has a simple

structure that reproduces biarticular actuation using a spring. Simulation results and comparison with conventional

methods verify the effectiveness of the proposed control design.
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Fig.1. 3 pairs 6 muscles model
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Fig.2. Lower extremity modeled as 2 link manipulator
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Fig.3. Definition of novel leg coordinate
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Fig.4. Control design using leg coordinate
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Table 1. Parameters of simulation model
g = 9.8[m/s?] mo = 4[kg] m1= 0.5kg]
mo= 0.5[kg] 11 = 0.165[m)] lo = 0.165[m]
I; = 0.015[kgm?] | Io = 0.015[kgm?] | v"¢f = 0.5[m/s]

04120 0000000000000000000 O
000000000000000000000000000
000000000000000000 20000000
00000000 ,0000000000000000
0000000000000000000 1000000
00000000000000000000000000
0000000000000000.¢ 00000000
000000000000
0000000000000000000000000
J, 000000000000~ 000000000000
»000000000000000000000 (7, £Y)
00000000000000000000000 (Ty,Ts)
00000000000000000000000000
000 (f7 fY),(Th, ) 0000000000
042010 0000000000000000000
000000 000000000000000000
000000000000000000000000000
00oooo0o
0500000000000000000000000
000000000000000005() 0000000
00000000000000000000000000
0000000000000 5(b) 0000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000 6000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000

1 5
0.8

=06

71,73 [Nm)]

R=h
= 0.4

0.2

=7 i
0865102 03 04 05

% 01 02 03 04 05 iy
t[s] '

(a) Tracking charac- (b) Input torques

teristic of velocity

05 ODO0OOoooooooooooo
Fig.5. Simulation results with biarticular muscle and

leg coordinate
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Fig.6. Stick diagram of leg model during stance phase
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Fig. 7. Simulation results with joint torque inputs
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Fig.8. Conceptual diagram of ankle foot orthosis with

spring as biarticular muscle
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Fig.9. Result of simulation
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Fig.10. Data of human walking
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