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Abstract. There is a growing interest in predicting the gait motion of real subjects under vir-
tual conditions, e.g. to anticipate the result of surgery or to help in the design of prosthet-
ic/orthotic devices. To this end, the motion parameters can be considered as the design 
parameters of an optimization problem. In this context, determination of the joint efforts for a 
given motion is a required step for the subsequent evaluation of cost function and constraints, 
but force plates will not exist. In the double support phase of gait, the ground reaction forces 
include twelve unknowns, rendering the inverse dynamics problem indeterminate if no force 
plate data is available. In this paper, several methods for solving the inverse dynamics of the 
human gait during the double support phase, with and without using force plates, are pre-
sented and compared. 
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1 INTRODUCTION 
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2 EXPERIMENT, MEASUREMENTS, MODEL, SIGNAL PROCESSING, AND 
FORMULATION. 

- 132 -



i i i

i i i
q q qW Φ Φ Δq W q q Φ Φ λ

λ λ Φ

q i i iΔq q q Φ
qΦ  λ

- 133 -



W

z

x y z

z

z zz zz

- 134 -



3 SOLUTION OF THE DOUBLE STANCE PROBLEM 

3.1 Using reactions from force plates 
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3.2 The smooth transition assumption (STA) 
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3.3 Force contact model with optimization 
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4 RESULTS AND DISCUSSION
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5 CONCLUSIONS 

ACKNOWLEDGEMENTS 

REFERENCES 

- 141 -



Multibody Dynamics: Computational Methods and Applications

J. of Biome-
chanical Engineering

Archive of Applied Mechanics

Multibody Dynamics: Computational Methods and Applications

Computer Methods in Biomechanics and Biomedical Engineering

Journal of Biomechanics

Multibody System Dynamics

Kinematic and dynamic simulation of multibody systems –
the real-time challenge–

Journal of Biomechanical Engineering

Journal of Mechanical Design

Multibody System Dynamics

Gait and Posture

Towards a new evolutionary computation. Advances 
in estimation of distribution algorithms

- 142 -


