
  

Figure1．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 

 

Abstract— We have developed the 

hybrid FES walk support system (Figure. 

1)[1].  Walking is controlled by 

FES-actuated ankle joints and 

motor-driven hip joints. In this study, we 

have implemented a feedback controller 

by M-wave electrical output for 

stabilizing the muscle output in ankle 

actuated FES passive waking  

 

I. INTRODUCTION 

The surface electrode functional 
electrical stimulation (FES) assistive 
system has been applied for walking  
rehabilitation. However, as the 
FES-stimulated  muscle output is not so 
stable for the reason of the muscle 
fatigue and skin impedance variations, 
here we  have  implemented a feedback 
controller by the processed  M-wave 
electrical output as a substitute of the muscular force . 

II. SUBJECT 

 In this study, we have used the following experimental 
tools; electrical atimulator (8 channel),   M-Wave amplifier (6 
channel), 2 sets of treadmill for the right and left legs with the 
3 dimensional floor reaction force system,  3 dimensional 
motion analyzer (QuickMag, OKK Inc), and hip joint orthosis 
with the servo motor.  

The FES-actuated passive walking has been developed  by 
stimulating Gasutrocnemius, Soleus, anterior tibialis and 
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quadriceps muscles, and  the processed M-Waves are picked 
up from  3 muscles around the ankle joint. The interference 
noises, which  are arised by multichannel stimulation, are 
removed with stimulating  timing control and  each of the 
M-waves is measured and estimated by the LP filer technique  
during the 13msec response duration with cut-off  stimulation 
noise window. The total stimulating and recording electrodes 
system are now covered with the high-polymer shank orthosis. 

III. CONCLUSION 

In this trial study, the experimental results show that the 

ankle-actuated FES passive walking system has become more 

stable by using the processed M-wave feedback controller. 

However as the surface electrodes system are used for 

estimating the M-Wave, it will be necessary to develop a new 

surface-electrodes system, or a total implant-stimulating and 

electrical response recording electrodes system in long time 

use.  
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