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ABSTRACT

An increase in prosthesis operation range depends on the
amount of active movements controlled by physiologically ade -
quate command sources minimizing patients' mental efforts. The
main problem in developing myoelectric control systems is the
necegsity to envolve maximum information from the signals gene-
rated by the phantom limb contractions applied for initiating
corresponding prosthetic movements and the limited amount of re-
al myoelectic signals due to the lack or insufficiency of the
Physiologically active muscles participating in lost mowements.

The proposed control system incorporates optimal couwbina -
tion in control of signals of typical and non-typical movements.
Considering patients' capacity for mental control of uyoelect -
ric signal duration and strength in rerforming non-typical mo-
vements dual model of control myoelectric signals is proposed.
This model representsthem gimultaneously as both quasistationa~
ry sto'chastic process and random train of pulses varying in
amplitude and duration.

Practical realization of the proposed method is possible
through the use of analog signal microprocessors united into
the finished calculating system for digital signal processing
and analog control.

Key words: myoelectric control, adequate movements, dual
model, analog signal microprocesscr.

In upper limb amputees effectiveness of prosthetic fitting
largely depends on functional performance of prostheses. An in-
crease of their performance is related to the number of active
functions controlled by phystologically adequate sources of com-
mands while reducing to the minimum wearers! psychophysiologi -
cal efforts when using prostheses.

One of the possible ways to solve such problems is the use
of myoelectric signals as basic control commands and control 5y s~
tems for prosthesis permitting to organize various functional le-
vels of prosthesis control meeting individual demands of ampu -
tees. ,

The control making use of mydelectric signals from the
stump muscles performing phantom limb movements associated with
corresponding prosthesis movements is physiologically considered
to be the optimal method of myoelectric multifunctional control
of prostheses.
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The use of natural motor sinergy in control of prostheses
permits to reduce patients' psychophysiological efforts and tQ
achieve highly effactive application of prostheses.

When developing myoelectric control systems for prostheses
the key problem is to reach potentially high functional response
through the use of signals from phantom limb muscle contractions
for initiating adequate prosthesis movements because the means
Ffor such control are limited due to the lack of muscle particl -
pating in the lost limb movements and retaining the required le-
vel of physiological functions. The proposed approach to the
problem aims at such a control system which would employ full
potential of patient's control of prosthesis via phantom limb
activity of corresponding muscles while the absent sources of
control are compensated with the signals generated by other non-
typical though physiologically similar and easily trained muscle
contractions. Realization of such an approach suggests the cont-
rol system capable to recognize typical and non-typical signals
of movements and to select their proper use in control of termi-
nal dewices.

Many studies refer the signals generated by phantom muscle
contractions in performing typical movements to guagistationary
gtochastic processes and for their descri tion successfully emp-
loy parameter models of power sgpectrum (1). BEstimated parameters
of this model obtained through arm EMG signals even from single
site make it possible to recognize reliably such movenents as
elbow flexion snd extension, pronation and slightly wotse wrist
supination. The characteristic feature of parameter models is
high sensitivity of signal spectrum parameters to changes in ty-

pe of movement and invariance to the signal intensity in a wide
muscle force range pernitting to use such models for proportio-
nal control.

Evaluation of spectrum model parameters and classification
of motions in real time is a complicated scientific and techni-
cal problem. Scientifically this problem results from the lack
of statistical data in the monitored signals which are necessa -
ry to solve the task of reliable recognition, while the techno -
logiz problem is related to the large amount of calculations for
signal processing. There are various approaches to this problem.
One of them is based on error prediction value snalysis of sig-
nals made up of a set of autoregressive (AR) filters whose soef~
ficients correspond to different types of movements. Another ap-
proach comprises direct calculation of correlation matrix of sig-
nals, calculation of spectrum parameters and their application
for clagsification of movements. The intermediate position is re-
served for the approach making use of adaptive prediction filter
to evaluate signal spectrum parameters and to classify movements.

Spectrum characteristics of signals generated by phantom
1imb muscle contractions are determined physiologically and can
not be volotarily controlled by patients. This feature serves as
a basis for reliable operation of contrcl systems using phantom
1imb contractions but it does not limit application of parameter
models of power spectrum in control of the lost 1imb movements.
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Considering the fact that the basic- characteristics of BMG aig-
nals which can be controlled consciously by patients in perfor-
wing non-Yypical zovements are their time and intensity, dual
model of comtrel signals ig proposed. This dual model interprets
the signals as both a,quasiatnt&mu'y sbochantic process and as
a random train of pulges variable in amplitude and duration.

The control system based on time-amplitude analysis of sig-
nual characteristics enables treined patiemts to perform six mo-
vements (2). 4 more informative variant of this model is the re-
presentation -of the signal as & se%woneo of :gpecifically related
events which are the pesk values O: EMG. This model makes
it possible to realize control system as a descrete automation
with several terminal:states associated with -different states of
terminal devices. Transfer from one state %o another is caused
by a sequence of peak signal values with prede':etmined characto~
ristics. This a proavh petmita to use changes in signal charac -
teristics which do not bring about changes in the state of ¢the
avtomation to uontrol pullmg forces of tefminal devices.The ana-
1lysis of the functional. renge of such a systen for a certam
group of patients is pregsented in the table. In the upper
of the table are listed the mn nignal chaructarisvics ::onu'ol -
ling typical movements via the signals generated by tI om
linb contractions. Excess of inforwation in them rmﬂ:a eo de-
ternine the requirements for non-typical contractions whish can
be basically utilized to zontrol t:ba regt proaﬁhetic movements.
Physiologically adsquate level for "grasp" and "hand open™ func-
tions is achieved through reliably recognized simultaneous cont-
raction of the biceps and triceps which is presented in the bot-
fiom of the table. In patient goups with different fumctional
ranges or different specific demands distribution of control re-
gources between various terminal devices mey differ from the di-
stribution listed in the table.

Analog signel microprocessors which are the complctpd cal =
culating uyston for digital signal processing and snalog Sontrel
fully meet the demands for prastical realization of the proposed
control methed. To achieve the required effectiveness prosthetic

control gyatem structure can apply modular soncept according to
which the calculntimu to be performed are distributed arcong se-
veral mi ach 1ts part of general proces-

sing in real time. Appli».ation of such concept for control sys -
tems enables to create both siuple and sophisticated multifunc -
tional prostheses basing on one technical development.
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Block diagram of the combination prosthetic control system
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