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1. Introduction 
FES induced movement control is a significantly 

challenging area for researchers. The challenge mainly 
arises due to many obstacles in stimulating the paralyzed 
nenromuscular system, such as fatigue, time-varying 
properties and nonlinearity of paralyzed muscles [I]. The 
design of control strategies can greatly benefit from a 
model-based approach; in principle, better muscle models 
mean better control. Many researchers have developed 
electrically stimulated muscle control ranging in levels of 
sophistication from simple to complex. Primarily due to 
the complexity of the system (nonlinearities, time- 
variation) practical FES systems are predominantly open- 
loop where the controller receives no information about 
the actual state of the system [2]. In its basic form, these 
systems require continuous user input. Practical success 
of this open-loop control strategy is still, however, 
seriously limited due to the fixed nature of the associated 
parameters. Accurate control of FES-induced movement 
can be ensured with a suitable closed-loop adaptive 
control mechanism. Such approach has several 
advantages over open-loop schemes, including better 
tracking performance and smaller sensitivity to modeling 
errors, parameter variations, and external disturbances 
P I .  

Many control strategies have been developed to 
provide enhanced reproducibility of muscle responses, 
including fixed-parameter feedback control [4-51, model 
reference adaptive control [6-71, and sliding mode control 
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[a]. Fixed parameter feedback control involves the 
construction of a precise mathematical model that 
describes the dynamic hehavionr of the controlled 
~nusculoskeletal system. As musculoskeletal is very 
complex, fixed-parameter feedback control techniques 
realised only with limited success [9]. Model-reference 
adaptive control does not need a precise model of the 
musculoskeletal system, but the control performance is 
satisfactory only when the closed-loop bandwidth is 
reshicted by appropriate choice of reference model 
parameters [lo]. Moreover, its major drawback is its 
complex algorithm and the problem of convergence of the 
parameters to be estimated. Sliding mode FES control 
was used to regulate knee joint angle and was tested on 
six neurologically intact subjects and two untrained 
paraplegic subjects [a]. Good tracking of a desired knee 
joint trajectoly was achieved, but this could only be 
applied to mathematical model based plant. In fact, the 
overall model of the plant being considered is a multi- 
input-multi-output (MIMO) nonlinear model consisting 
of nonlinear lumped parameters comprising passive joint 
viscoelasticity and active muscle properties and 
segmental dynamics [I l l .  

On the other hand, fuzzy logic control (FLC) has 
long been known for its ability to handle a complex 
nonlinear system without developing a mathematical 
model of the system. It is being used successfully in an 
increasing number of application areas in the control 
community. FLCs are rule-based systems that use fuzzy 
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4. Conclusion [lo] M. S. Hatwell, B. 1. Oderkerk, C. A. Sacher, and 

FES induced movement control is a difficult task due 
to the highly timevariant and nonlinear nature of the 
muscle and segmental dynamics. The great merit of a 
musculoskeletal model of knee joint is to help understand 
how the muscle works and serves for control 
development. In this control design approach, fuzzy logic 
controller has been optimized using genetic optimization 
technique to track the trajectory based on natural 
dynamics of the paraplegic's leg segment. In principle, 
this control scheme is based on 'natural dwamics' of the 
leg segment and are applicable to control any FES 
induced movement of periodic nature. The performance 
of the controller in terms of tracking has been assessed 
through simulation and experimental study. This study of 
knee joint swinging control provides valuable insight into 
the control of FES-induced paraplegic walking and 
cycling. 
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