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A control strategy based on intelligent algorithm (PSO) to

perform electrical stimulation systems
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INTRODUCTION METHODS

Functional electrical stimulation (FES) is of a great interest in the medical and sportive In this study, we control the muscle force by adjusting the stimulation pulse amplitude
domains. Improving the efficiency of Functional Electrical Stimulation (FES) systems of FES Stimulator using the PSO-based PID controller. The PSO algorithm is firstly
present an interesting task in industrial FES systems applications [3]. introduced to identify the optimal parameters of the nonlinear force model using

experimental data. Then, the Off-line PSO-Based PID controller design is applied to the
Functional Electrical Stimulation (FES) v identified model in order to control the muscle force.
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Control design
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To obtain improved performances from FES applications, it is interesting to adjust
automatically the stimulation parameters using control strategies and using optimized

_protocols based on predictive muscle response models [4]. _ o _
--------------------------------------------------------------------------------- * Particle Swarm Optimization algorithm(PSO):
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Fig. 1. PID controller tuning based on PSO
algorithm for muscular force control

PSO technigue has been developed by Kennedy and
Eberhart in 1995 [2]. It is a population-based approach for
optimization problem. At each algorithm iteration:
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¢ The main goal of this study is to control the muscle force by adjusting the stimulation X, =xi +vitt A e

pulse amplitude of FES Stimulator using the PSO-based PID controller. . Pulse amplitude computing: ﬂ N losnsss
¢ The intelligent tuning PID Controller is based on a predictive muscle force model which 1 © t — t; T o0 S T e e e
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1=1 muscle force control by FES

RESULTS

Experimental setup Muscle force control
Fig. 4 proved the ability of the estimated
N model to predict force response for a wide
TABLEL S w00 om  E = range of frequencies (10Hz, 12.5Hz, 20Hz
OPTIMAL GAINS TUNING OF THE PSO BASED PID CONTROLLER 5 _ 5 o “
A | and 33Hz).
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________________ Biopac system } Fig. 4. Examples of predicted force for different frequencies stimulation train when the

model is parameterized by the CFT80-CFT30 protocol data for a typical subject.
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 The quadriceps muscle group is stimulated by a pair of surface electrodes connected 5 5 5 -
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to the DS7AH Digitimer stimulator (Digitimer Ltd, Welwyn Garden City, Hertfordshire. ‘ 0 ey ° 0 e 0o g1
AL/ 3BE. England). S | F——— e r——— 2 s [ s e
5 5 . . . S 047 S04} S 04
* Under stimulation session, mechanical measurements were recorded using an %'U_EF : g
isometric ergometer comprising machine typically used for strength training (Multi- E E - E -
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form, la Roque d'Anthéron, France) connected to one strain gauge (STC 250 kg, rime (ms) rime (m)
sensitivity: 2.9997 mV/V, Celtron Technologies Inc., Santa Clara, CA, USA). Fig. 5. The performance of the PID based PSO control of the muscle force during 1s stimulation session for three
 During the experimentation, data were digitized and stored for analyses using the desired forces (A: Fref= 80N, B: Fref= 120N, C: Fref= 150N) using the modified pulse train MCFT30. (A,B,C)-1:

illustrate the developed force to track the desired force, (A,B,C)-2: illustrate the computed pulse amplitude and
(A,B,C)-3: illustrate the corresponding stimulus output applied to the quadriceps muscle.
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As perspectives, it will be interesting to validate these numerical results for muscle force control in
exnerimentall tests Adress : Laboratoire le2i Batiment Mirande, Université de Bourgogne
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