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Abstract

The main objective of this work is obtaining a
framework able to provide bio-inspired torque assis-
tance to disabled humans during walking and stair as-
cending/descending. The method is based on a bio-
inspired model copying natural dynamics of the leg
muscles, and containing top-down primitives, short-
loop reflexes, and a torso stabilization mechanism.

1. INTRODUCTION

Along history two main trends have been devel-
oped to explain the neuro-mechanical principles gov-
erning locomotion: The first states that locomotion is
mostly governed by descending spinal circuitries called
Central Pattern Generators, as illustrated in [1]. In this
framework, the brain is in charge of providing the high
level commands, while the spine combines motor prim-
itives in order to generate the muscle activations. The
second presents locomotion as governed by a series
of short-loop reflexes, giving rise to models based on
pure feedback signals [2]. Although both isolated ap-
proaches have been proven successful modelling tools
in controlled environments, it is likely that they are
combined in the actual locomotor system in order to en-
hance its robustness.

2. METHODS

A general scheme is proposed for assistive control,
based on the above-mentioned ideas (Fig. 1). A com-
mon part in this diagram is the muscle layer, which is
in charge of generating the assistive torques. In order to
stimulate these muscles, two sources are combined: A
primitive-based or feed-forward (FF) stimulations and
feedback (FB) based stimulations. The FF stimulations
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Figure 1. General Control diagram

require the motor intention of the subject in order to se-
lect the primitives depending on the locomotion task to
be performed. Besides, within the FB term, two sub-
groups of stimulations can be distinguished: short-loop
reflexes [2] based on relative joint angles and ground re-
action forces, and those assisting torso stabilization. So,
by having direct-driven stimulations combined with FB,
the framework combines the advantages of a predictive
model with the capacity to adapt to different situations.

3. CONCLUSIONS

The proposed method allows to compute the virtual
muscle stimulations and reference torques from kine-
matics recorded with wearable sensors. A portion of
these torques can be applied depending on the desired
level of assistance. On-going work includes the increase
of the stimulation data base for a wider range of walk-
ing speeds and stairs data. This model proved to run in
real time while integrated in the general CYBERLEGs
cognitive control unit and provided assistance through
a pelvis orthosis to healthy subjects. Nevertheless, fur-
ther experiments are scheduled to test the effectiveness
of the assistance and compare it to other methods.
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