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Abstract. This paper presents new contributions to a control method that can be 

embedded within a neuroprosthesis aiming to restore standing in paraplegia. The 

method requires the measurements of the knee angles and the knee angular 

velocities as for the ONZOFF controller, and the pulse widths required to stimulate 

the chosen groups of muscles are calculated in accordance with a simplified 

algorithm. The proposed modified algorithm and method have been tested in 

simulation and on a mechatronic device that emulate the human body movements as 

initiated by a neuroprosthesis. 
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1. Introduction  

Functional electrical stimulation (commonly abbreviated as FES) is a 

technique that uses electrical currents to activate nerves innervating extremities 

affected by paralysis resulting from spinal cord injury (SCI), head injury, stroke 

or other neurological disorders, restoring function in people with disabilities [1]. 

The quality of paraplegics’ lives can be improved by daily standing exercises. 

Regular standing in spinal cord injured subjects is thought to help in preventing 

osteoporosis; in preventing contracture by preserving the range of movement at 

lower limb joints; in improving digestion, respiration and urinary drainage; in 

reducing the chance of decubitus ulcers by relieving pressure; and contributing 

to the psychological benefit by enhancing personal esteem [2].  

During the last few decades different FES-based control methods that aim to 

restore standing have been proposed [3], [4], [5]. Generally, paraplegic subjects 

can control their balance by using hand supports as crutches or parallel bars, and 

their stand periods varies due to the adopted posture, muscles fatigue and 

strength. Although, open loop control strategies do not account for any changes 

in the muscles performance such as fatigue or load changes, they are widely used 

in clinics due to their relative simple set-up. Closed loop controllers use sensors 

feedback to update the stimulation levels (intensity and pulse width) as a 

response to any external disturbances. 

This paper presents new improvements to the ONZOFF method [6] and the 

results during tests performed on the EMULOBODY system [7]. The overall 




