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BICKIECTRIC COLTROL SYSTENS

A, Kobrinskiy

Doctor of Technical Sciences

In 1958, the tenth issue of cur journal was devoted almost
entirely to problems of radic-electronic methods in medicine and
biology. woince thaet time wany interesting events have taken place,
a number of original works have been carried out, and new elec~
tronic instruments for medicine and biology have been created,
Consider the All-Union Conference on ledical klectronics, several
internationsl conferences, the attraction of engineers and physi-
¢cists to research organizations occupied with solving biological
problems, the training in a number of technical institutions of
specialists in wmedicine and biology, the theoretical works of
physicists and wmathemeticians in the areas of higher nerve active
ity, bioenergetics, electrophysiclogy, the structure and functions
of living cells, etec.

Althouzh the work on the korder line of the exact and ratural
sciences is still unfolding, even today a number of encouraging
practical attainments cer be ucted in this area, The prosthesis
of the aru with bicelectriec control, crested by a group of Soviet
scientists and which received bigh recogniticn in our couniry as
well es akbroed, should be added tc this number,

Fesides the directcr of operztions, & specielist in the theory of
mechenisns erd rackines, A, Ye. Kobrinskiy, the folloewing people
took part in the develcpirert and investigaticn of systems cof bio-
electric control: Doctor of ledical ociences B. P, Popov, Electro-
physiclogist enud Cesndidate cf redicsl sciences V, S. Gurfinkelt,
Candidate ¢f Bioleogical sciences Ya, L, Slavutskiy, Candidates of
Technical uciences Ya. <. Yakcbscen and LD, r, Ioffe, Candidate of
Physicomathematical Lciences v, L. Tsetlin, Kadio knpgineers Ye, F,
Polyan end A, Ya, Sysim, structurel hrogineers M, G, Breydo ané 8, V.
Bolknovitin, and alsv Foysicien-Frcsthetisist L. i VoskoboyniKova,
The joint endeavor cf wo wide a circle of specislists working in
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various aress of science apd engincering are to e considerable
extent responsible for the practicel successes atteined,

The working of prcsthesis with bioelectrie control is based
upon the fact that a signal-ccmnand abcut scoe scticn, which is
sent by a nerve fiber to & kinetie nuscle, is acccoupenied by
weak electrical signels. These signsls zay be recorded slong
the entire patk from tbe brain tc the muscle, They are biocur-
rents, drawn from kinetic muscles and used to ccntrol prostbetie
mechanisms,

without a doubt the positive results obteined in the area of
bicelectric ccntrol will open many extracrdinarily interesting
rerspectives,

Over 150 years sgc, the famous Itslial scientist Galvani esteblished that liv-
ipg tissue reacts to electrical stimuleticn, Leter it was discovered that most
processes in living orgenisms sre accompanied by electricel sigrals,

In the erea of study of bicelectric phenomenz, substertial results have been
atteined so far, rore or less detailed studies heve been mede of the awplitude
and freguency characteristics of tte biocurrents cf tte trair (electroencephalo~
graphy), the heert (electrocardic.raphy) ard the sensitive elewments cf the retina
of the eye (electroretinography). Cconsidersble attenticn hss been and is being N

* devoted to the study of biocurrents of the skeletel muscles (electromyography),
which ere used for bioelectric ccrtrol.

41l motion of a living organism is preceded by & change in the biccurrents in
the corresponding muscles, which realize the moticn. T.is is illustrated by Fig. 1,
where the mechancgram 1 (greph of wotion) of the bending of toe wrist and the
myogrem 2 {(graph of biocurrent) of the rusculus flexor cof the wrist are reccrded
simultaneously. The comusnd to bend the wrist is sent by a light sigral, the
appesrence of whichws recorded at point a. The time intervel from the moment of
sanding the comnsnd to the moment c¢f biocurrent fcrmation in the muscle end the
time interval chardcteri;ing the delay of motion reletive tc the mament of biocurf

- rent formation ere cleérly»visible in the photograph,

Biophysicists and electrophysiologists have devoted a grest deal of effort to
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the study of bioelectric signsls, Infermaticn is tresnsmitted bty these signels
from the sense orgsns to the brein, acd from the brairn to other orgens, fcr example,
to kinetic muscles, Cne of the most iuportant results cf these studies was the
disccvery of the sc-called "all or nothing® law. It was fourd thst if stimulation
applied to & nerve cell dces not reach a definite threshold value, no signal is
formed in the nerve fiter. s sigrel appears cnly if stiwulation exceeds the thresh-
014 value, In this case discrete pulses are transnitted by the nerve fiber. The
higher the frequenc, cf the pulses tne nigner the level of stimulaticn, The awpli-
tude of the pulses is nct a function cf the level of stimuletion ard &slways remains
censtant (on the order of G.1 v). Tne rate of pulse propegetion thrcugh the nerv-
ous systewm Goes not exceed 1iC m/sec, while the freguency cf pulses may reach 30C
to 500 cps.

It is interesting to ncie that sixiler sets of discrete electric signels are
used widely fer prograrming the i.cst veried modern gutozatie systems. Examples are:
high~speed computers, systems cf digital contrcl of lathes, and & number of others,
Cf course, the analcgy in the given cese has a purely exterunal peture. The nature
of comiand pulses inm & wachine and in e living orgerism is completely different,
as well us the wmetieds of ccding ernd trars.itting these pulses to the executing
organs,

The prcbler cf using ticelectric sigrels tc ccontrel engiceering devices nay
in itself be divided intc a nunber of si.ple preblewns: &) the develcpment of effec-
tive methods of rewoving ticelectric signals frow a 1living crgeﬁism; b) the creation
of methods and <evices fir amplifyine era deccding these signels in order to sep-
arate useful informzticn cbout comuards reeching tze pciuts of bicecurrent rewovel;
¢) the developwent of executicn nechanisms which reslize a given prograu. of action;
ard d) the crestion wnen necessary of specizl devices to provide feedback between
the engipeering device and the living crgonism,

The first mock-up of & bicelectric control system in the form of a artificial
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buman hand was mede in 1957. It was contrclled by muscle biccurrents, which flexed
and zxtenced the fingers., The biocurrents were picked up by electrodes installed

in & speciel bracelet pleced arocund the controlling muscles of the forearm,

Fig. 1. Flexing of wrist:
1 - mechanogram of motion,

(curve 2, Fig, 1), T.is is explained by the fact that the biccurrents represeht
the total effect of the action of a set cf fibers of the given uscle, and glso of
numerous oscillations from the fibers of neighboring nuscles, which create an
edditional noise background. Therefore, it is first cf all necessary to process
this couplex signsl éo thet useful information abcocut ccm:esrds mey be separated from
it, The comuunds go from the central nervous systewm to the auscie and control its
voltege level,

S0 far only one signal paremeter, its étrength, hes been used as a carrier of
useful information in bioelectric ccntirol systems. oigrel strengtk is within défi-
nite limits a linear function of the voltage level of the .uscle., Tke biocurrents
picked up are first emplified (seec schemetic in Fig. 3), after which the wave envelj
ope_is separated which cheracterizes the averége signel strenéth. It is this-pgr-
ameter that was used for control., However, in the first acck-up, whe?e 8 differen-
tial step-by-step switch was used as the electrical concuctor, it was found neces-
gary tc introduce-still another copoversion, &8 a result, the ccnircl program wés
in the finael analysis & set of discrete signals cf ccnstant auplitude, freguency
modulated in acqorﬂance with the awplitude envelope (Fig. 4). This comversion was
accomplished by a relexation thyraton, The first mock-up was an analog of the

programing method used in the so-celled open-circuit step-by-step digital control

systems,
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Fig, 2. Biocurrent pickup by
electrodes,
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In cons.ructing the first wocck-up, the aim was to checx the validity of the
initizl ideu snd to finéd out whether it is possible to use nuscle biocecurrents to
control engineering devices, DNhaturally, problems of cecreasing the weight and
di:ensiocns of tze system, and problems of its reliability and life, geve rise to
the seccrnd plan,

After the experiments con the first mock-up confirmed the validity of the
initisl assumpticns, work was sterted on the second nock-up (Fig. 5), which was
designed fcr the experinental study of operazter treinability and the testing of

the reliability and life of tne individuel cowponents of the systen, namely,




pinjeture semiconductor bioccurrent amplifiers {Fig, 6), “he cxecution mechanisms
for operating the hand ip this mock-up were electrohydrsulic joints, which are

used in the construction of machines having digital control.

Fige 5. 3eccnd meck-up of a bloelectric
control systam,
An experiment run in the proccess of devzaloping and studying the first two
uiock-uns made it possible to move to the sclution of an i.poriant practical probe-
lem~—the prosthesis of the forzarm with bicelectric control, The problem was the

usual one in prosthesis, that of the partiel restoration of functions lost as a

reault of amputation, Hewever, distinguished from the ‘existing method of prosthesis

of the forearm, it was row possibls to use external powsr scurces for control,
not wuscular power. Control is accomplished b, the bicelzetric signels formed
in excised wusecles cof the forzer=. It is cbvious that taose gensral requirements
which erise in the marking of any pcrtsble device were tsken inte accouut in the
development of prosthesis; lightress, swall diwensions, relisbility =nd good ocut-
ward appearance.

The executicn crgen was msde in toe form of a hand whose fingers closed in a
‘pinching position. The opersting wechenism cf the hand was designed in such a way

that in srasping snd cpening, the thuwb and & unit of the fcur finéers moved




- sirultaneously. To control this hend it wes necessary to use two independent
siznal sources; one for grasping and the cther for opening. The operation was

accamplished with a reversibles motor with a specisl geer mechanism,

e e A R ———
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7. Frosthetic foresrm with
ic ccntrol: 1 - elec-

H - elsctronic unit with

nt scurce; 3 - execution

The sicual sgurces werz tacse grewps of zuscles of the stuup to which prose
thesis is to be applied, whick in a healthy perscn accamplish the functions of
flexing the wrist 2nd fir..rs, Owing to this, the coordinstion hzbits which applied

before awputeticn are us=sd for control.
' 4

¢ Figure 7 snows & crewingz cf tae first prostnetic foresr. witl bicelectiric
coutrel,
In the first nock-urs fesibeck was accomplished visually. Tae operater of the
: moqk—up fcllewed tne gosition of the artificial hard directly and in accordance
w with als cbservetions and rnutursel intsuticns, applied the aprrepriate muscle,
Late:, "sensing” mztrods were put foerth, in particular the use of a vibrator
(of the type used in @ zearirng-sid bome-conducticn esrpiece), to whichsignels
proporticnzl to the grirring cf the hand zres sent from the circuit of the uctor,

Howevsr, tne first experiments showedé that prosthesis, even if not equipped
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with special devices, was t0 & certein ectent “seusitive,” siucc the sources of
th fsedback signals were wesk noises and vibrations, which acconpanied the opera-
tazn of the motor, The created the "sensing" of the working regime of the syatem
and, in perticular, the fource with which the artificial hand grasped an object,
The first experiments showed that the use of biocelectric systems introduces
nuew poseibilities in the application of prosthesis, The bicelectrie prosthetic
foearm in no way hinders the motion of the prosthetized limb.. Control of the
prosthetic sppliance docs not require consid;rable strength and is freely accomp~- .
lished in any position of the arm,
kegarding the dynamic guelitizs of prostpesis with biocelectric control, they

Lay be judged frem the cscillcgram iun Fig. 8,

closing r' Ohening Fig. 8. Recording of motion
cycle of prosthetic devices
K 1@‘4ﬂm3m ) l, 2 ~ myograws of nusculus
E:}r*“ df'u'L.---un'ﬁ"sa flexor end nusculus extensor
AL respectively; 3 - recording
e ‘ L=

e R of "grasping" motion;
2 4 - recording of force exert-
- - ed by the hand.

Therz is ro doubt that the furthsr develcpment of works in the use of muscle

biccurrents for control purposes in an inportant task. Because of this there is

great interest in the guestion of whether it is possible to further miniaturize the
circuits carrying infcrmaticn frow a living crganism to an external device, For
exauwple, will it be péssible for the operstor to use not the biocurrents from the
wuscles for control, but to use directly the biocurrents of the cevtral nervous
system, biocurrents from the brain%

4 large branch of biophysies, electroencephalography, is occupied with the

study of bioelectric processes in the hunan brain, In recent years, these proces-
ses have been studied intensely by physicists and nathematicians. Devices for
picking up and processing bicelectric signals ere continually being iwprovec,

fore, it will be no surprise if, in the not too distant future, technological

FID-TT-62-36/1+2%4 . 8

There=



methods reach a level which will allow problems on the direct use of the brain's

biocurrents for control to be solved.
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