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IMPROVEMENT OF FES JOINT ANGLE CONTROLLER AND
LOAD EFFECT ON THE RESPONSE

Kinya FUJITA, Nacaki ITAKURA, Kimito KUBO, and
Haruyuki MINAMITANI

De partment of Electrical Engineering, Faculty of Science and Technology,
Keio University, Yokohama, 223 Japan

Control of joint angle or muscle force using
functional electrical stimulation (FES) should be
carried out with a feedback controller to obtain
better performance of paralyzed extremities since
the feedback system provides less tracking error
and better command response than using open-
loop system. Some FES systems involving the
teedback controller have ever been proposed for
assistance of exercise of the paralyzed lower ex-
tremities. We proposed a new joint angle con-
trol system using FES with the digital PID con-
troller for the bidirectional movement of flexion
and extension, some problems in the joint angle
control were discussed and the controller was
improved in this study.

The design method of the digital PID centroller
was as follows ! (1) the transfer function of the
controlled subject in discrete time was obtained
by the system identification using least squares
algorithm, (2) the transfer function was con-
verted into continnous time region, and ¢ 3) op-
timal parameters of the controller were deter-
mined with the transfer function using a model
matehing design method. Two different control-
lers for the flexor and the extensor were designed
from each set of open-loop characteristics. Us-
ing the PID controller designed by this method,
joint angle control of ankle and knee joint in
the free state was carried out with normal sub-
jects.  Although some problems remained, a

good response was obtained to the command
angle.

One of the problems was oscillatory behavior
or large overshoot in the step response of the
joint. A command filter consisted of third-order
Butterworth LPF with unit gain offered less
overshoot and good stability in the step response.
Another problem was due to stimulus electrode
and stimulating position. We stimulated efferent
nerves at the motor-point since the surface elec.
trode was easier to use than an implantable elac-
trode. Although the surface electrode could not
apply stimulation to the nerves in the deep region,
muscle stimulation was made at the optimal point
with carbon-rubber electrodes.

In addition, joint angle movement was inves-
tigated by stimulating the antagonist with constant
stimulus amplitude. The result did nat provide
fine control of the joint movement so that fur-
ther improvement of the stimulation method of
the antagonist must be studied to obtain a better
response.

In order to improve the FES joint angle con-
trol for ferther applications, the effect of the
load change on the joint response was investigated
on the basis of the experimental results of open-
loop and closed-loop contrels. When the load
was changed from zero to 5kg, the joint angle
was best controlled (with some larger time con-
stant} with the controller which was designed
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with the open-loop characteristic obtained at the
load state. Since actual load was changed by var-
ious factors of the subject conditions and was
unmeasurable, the load change should be esti-
mated only from the actual nonlinear relaticn be-
tween stimulus amplitude and joint angle. In
order to make a linear approximation of the ab-
ject, adaptive control of the threshold amplitude

is most desirable. We are currently studying
adaptive control of the joint movement.

In conclusion, joint angle cantrol in the free
state was attained by using the closed-loop system
with 2 command filter. The effect of lead change
on the joint movement is discussed and a method
of compensation for undesirable behavior is
given.



