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Mscular output control of the ankle actuation in walking
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Abstract: We describes the ankle actuation control system of the functional electrical stimulation (FES) walking assistive
system, on the fundamental principle of passive walking, with the hip joint driven by the servo motor . The actuators of the
stimulated soleus and gastrocnemius around the ankle joint, have moved the stimulated lower limb into the swing phase.
Stimulus strength was estimated, based on the basis of a musculoskeletal model. In a preliminary study, the spinal cord
injury subject sometimes showed an unstable muscular output, the processed electrical responses (M- wave) of the
stimulated muscles were utilized as a force feedback signal. A clever adjustment of stimulating timing was introduced by
to circumvent the interference of electrical responses due to multichannel muscle stimulations. We found that stable force
outputs may greatly assist an effective pattern of passive walking.
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Total control diagram of the hybrid FES walking assistive system

In quasi-passive walking model, This robotic assistive system has two torque actuators - the 1st one
at the ankle joint to drive the ankle joint with FES of the gastrocnemius and soleus muscle, the 2nd
one at the hip joint by the servo-motor, with the aid of the operator-assisted torque
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fig.2 (left) : The stimulated muscles of the shank and thigh,
A=Gastrocnemius, B=Soleus, C=tibialis anterior and extensor
digit. longus, and E=Vasti, (nght): The electrodes cuff orthosis
with one patient in walking, D=connector to the stimulator
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fig.3 Quasi-passive walking assistive FES in SCI (C5), after one and half month training. A = walking with the leg stimulated,

B = sliding walk without stimulation.
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Fig. 4 The stride cycle-to-stride cycle control of the muscular output by using the processed electrical response of the Soleus; (a) PD

feedback response, (b) the stimulating voltage

The forward number of stiride shows walking cycle in an experimental session. ‘bin’ means the stimulating numbers per 50ms
during 1 stride, which detected by 2 sets of foot switches. Stimulating pattern(Stim pattern) shows a stimulating voltage pattern

during 1 stride.
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Fig.5 Different acceleration curve between Soleus and
Gastrocnemius ;(a)stimulating voltage patterns, (b) acceleration
curve of the center of gravity, Gas_cogy, Gas_cogz are forward
and vertical acceleration of gastrocnemius, Sol cogy, Sol cogz
are forward and vertical acceleration of Soleus.
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