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Abstract:

A myoelectric controlled stimulator for the functional electrical
stimulation is described. It is capable of picking up the electromyogram of &
wuscle with reduced voluntary activity and. comtroiling the muscles excitation
as a force amplifier,

Introduction:

A paralysed handicapped will have no or only partiell voluntary control
of the normal muscle functions of his I1mbs, By means of Functional Electrical
Stimulation {FES) it is posstble to stimulate these muscles to compensate
partially the functional deficit To control the stimulation one way is to
pick up the myoelectric activity of a voluntarily controiled muscle. This is
especially useful if this muscle participates naturally in the intended
movement. The contraction of a partially paralysed muscle, which is essential
to execute a certain movement, may be controlled in the same manner. A
blockdiagram is shown in fig. 1;
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Fig, 1: Block diagram of the EMG controlled stimulator

The closed loop installed this way has a positive feedback, gemerating
maximum force outpul. In order to avoid this we suppress the stimulation
artefacts and the electromyographic activity caused by the stimulation by
opening the loop. A sufficient control. signal has to be obtained through
adequate processing of the normal ENG and by the extraction of stable control
parameters for the stimulation.

Method:

Usually rectification and smoothing of the myoelectric signal is suffi-
cient to estimate the muscle force However this simple methode is to sensi-
tive to the artefact generated by the stimulation. To obtain a stable estima-
tion of the force we gained advantage of a method which is described in /1/,
Additionaly we developed a procedure to suppress the stimulation artefacts:

The distribution of the EMG amplitudes may be described as a zero-mean
gaussian process. As the muscle activity and accordingly the EMG amplitude
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e(t) Increases the variance of the EMG amplitude distribution increases and
also the probability plfelp§1), that the absolute EMG amplitude [e(t)]
exceeds a certain threshold §1. The EMG signal is sampled 200 to 600 times per
second. If these samples aj have an absolute amplitude which is larger than
the threshold dy, aj = 1 otherwise aj = 0. These samples aj are sequentially
entered to a shiftrégister and at every sampling time the aj jast 256
vah‘te§ are added up. The resulting sum A =& aj is an estimate of thé muscle
activity.

With the ‘halp of a look-up table the mlationsmp between the force
produced by the muscle and the force estimated from the EMG is linearisised
The result is shown in fig. 2
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Fig 2: Estim#ted force ¥ in comparison with measured force Fa

Artefact suppression:

A special procedure is used to suppress the stimulation artefact. Fig. 3
shows a measured EMG signal Including a stimulation artefact.
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Fig. 3: EMG signal and stimulation artefact
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Each time a stimulation pulse occures, a large artefact signal is picked
up by the SNG electrodes, In order to suppress this:artefact, we Introduced &
threshold 82 which is a little bit above the nighe‘st expected EMG amplitude.
Each time the signal surpasses the threshold dp- due to an artefact, the
s:dmllingfff the EMG signal is stopped for about 10.ms. The result is tllusta-
e n fig. 4,

u% EMG &
{2 artefact

A

— F
Fig. 4: EM6 signal and processor output with and without stimulation

The figure above shows, that the artefacts In the émprocessed EMG signal
e(t) has only a little influence on the output signal F.

The performance of the EMG controlled stimulator Is shown In fig & The
output of the EMG processor ¢ (an estimate of the voluntary innervation) is
plotted in relation to the measured force with and without stimulation, it 1s
obviously that the force corresponding with a certain level of innervation is
larger with the support of the stimulation than without it. Therefore the
stimulation unit may also be called a “myoelectric force amplifier”
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Fig. 5: EMG - force relation

Realization:

The processed EMG signal controls in our unit up to.four stllulatlon
channels, . :The stimulation pulses of the four channels are genes
sequentially 1n one block and 10 ms later the EMG is picked up for the rest of
the time interval till the next sequence. Because the stimulator pulses are
charge compensated the artefact 1s minimal.

The EMG amplifier is decoupled from the EMG processing unit by the use of
optocouplers and dc/dc-converters. Then the signal passes a fourth order
Bessel highpass filter to eliminate the dc-offset and movement artefacts of

electrodes. The cut off frequency of the filter is set to 100 Nz
attmte the 5¢ Hz line nolce. The filter reacts with a2 well lped
oscillation to the stimulation pulse. Then the filtered EMG sigmal is
rectified to save processing time

After analog'digétal-cmvertion the signal is processed with a 780

g to the methode described above.
The relation between the estimated force and the stimulation amplitude is
figured in four look-up tables, one for each stimulator. We use a special
algoritha to enter the values into this table:

Movement program:

The progress of a movement program is divided into 256 sequential steps.
Each of these steps is attributed with & certain combination of stimulation
parameters. Only those steps at which the linear relstion between the
sstimated force and the stimulating pulse changes, have to be changed. All the
other steps are linearily interpolated. Fig. § explains this programming:




ADVANCES IN EXTERNAL CONTROL OF HUMAN EXTREMITIES IX 295
4 amplitude

i\ :
Ch4 ¢

Ch3 : 5

Ch2

Chi = Al
0 40 70 100120 170 210 230 255

Fig. 6: The movement program

With this method it is possible to generate complex movement programs by
changing only a few steps of the program.

Conclusions:

The control of incomplete paralysed muscles may be generated in a simple
way: The remaining voluntary electromyographic activity of a muscle controls
its own excitation without the use of other muscles. Instability caused by the
feedback structure is avoided by decoupling the stimulation and the EMG
Supplementary the EMG processor may be used to control congenial muscles or
other implements,
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