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Abstract

Adaptive Neuro-fuzzy Inference System (ANFIS) controller was designed to control knee joint
during sit to stand movement through electrical stimuli to quadriceps muscles. The developed
ANFIS works as an inverse model to the system (functional electrical stimulation (FES)-induced
quadriceps-lower leg system), while there is a proportional-integral-derivative (PID) controller in
the feedback control. They were designated as ANFIS-PID controller. To evaluate the ANFIS-PID
controller, two controllers were developed: open loop and feedback controllers. The results
showed that ANFIS-PID controller not only succeeded in controlling knee joint motion during sit to
stand movement, but also reduced the deviations between desired trajectory and actual knee
movement to +5°. Promising simulation results provide the potential for feasible clinical applica-
tion in the future.

Keywords

Adaptive Neuro-Fuzzy Inference System (ANFIS); Functional Electrical Stimulation (FES); Sit to
Stand; Model; Simulation

1. Introduction

Sit to stand movement is necessary for many activities in human life. However, paraplegics have particular dif-
ficulty with this movement due to their lower limb paralysis caused by spinal cord injury (SCI) [1]. They con-
sider it as a big challenge and often require an assistant [2]. Moreover, they use arm support to provide neces-
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Knee joint response to step input
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Knee Joint Response for Random Signal Activation
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Developing an Intelligent Technique for Controlling
Sit-to-Stand Using FES (Simulation Study)

Abstract:

Functional Electrical Stimulation (FES) is a promising technology to restore motor
functions for the paralyzed patients due to the spinal cord injury (SCI). It controls
joints movement by adjusting electrical stimuli to induce muscle contraction and the
corresponding joint movement. Suitable electrical stimulation to the muscle is
required in achieving desired movements.

This research aims to develop an Adaptive Neuro-Fuzzy Inference System (ANFIS)
Controller for FES assisted sit to stand movement, because there are many difficulties
to determine the suitable electrical stimulation patterns for desired movement.
Programs and software's: We connected three programs to develop a humanoid
model for a patient height 1.80m and weight 75.35Kg by building: body segments in
Visual Nastran 4D, muscles in Virtual Muscle 4.0.1, and passive joint properties in
Matlab/Simulink. While the humanoid movement is controlled by MATLAB/
Simulink to perform sit-to-stand activity.

Methods: An Adaptive Neuro-Fuzzy Inference System Controller was designed to
control knee joint with the desired trajectory of sit to stand movement through
stimulation of quadriceps muscles. The developed Controller consisted of: ANFIS as
inverse model of the functional electrical stimulation (FES)-induced quadriceps-lower
leg system for direct feed forward control, and a proportional-integral-derivative
(PID) for feedback controller, which was designated as ANFIS-PID controller. The
training data for ANFIS learning were obtained from the simulation of open loop
tests. To evaluate the ANFIS-PID controller, two controllers were developed and
compared with ANFIS-PID controller. These controllers are: ANFIS an open loop
controller which use ANFIS as inverse model and proportional-integral PI Controller.
Results: The knee joint angle was controlled with only small deviations along the
desired trajectory with the aid of the ANFIS-PID controller. In addition, the PID
feedback controller was utilized to compensate for the residual tracking errors caused
by disturbances and modeling error. The comparative results showed that using
ANFID-PID controllers reduced the deviations between desired trajectory and actual
knee movement to +5°.

Conclusion: The developed Controller successes in control knee joint during sit to
stand movement. Promising simulation results provide the potential for feasible
clinical application in the future.

Key words: Controller, Adaptive Neuro-Fuzzy Inference System (ANFIS),
Functional electrical stimulation (FES), sit to stand, model, simulation.
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