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INTRODUCTYON

Kyoslactric snargy is very insignificsnt in magnitude
and this cennot de used, sven sfter suitsdle smplification,
to drive the cydernstic mechanism, Hence the driving energy
is edeoctric ( like electric motor driven by rechargable bsttery )
or pneumstic ( like carbon~dioxide cylinder ) and the myo~
slectric potentisl is uszed, after smplification, to control
the driving energy.

In this introductory portion, ve will discuss the nature
of myoelectric potentiasl,

Human skeletel muscle is compased of meny thresd=like
fibres, These fibres do not exert » constsnt contractile
force, tut rather contract and relax repeatedly st rates as
high as 50 times/sec. The fibres rarely, if even, sct indivi-
duslly. Rether, they nre innervated in groupe. Each group,
vhich conteins from 2 to 2000 fibres, depending upon the
msuscle function, is innervated by » single nerve axon, The
group of fibres, together with the sxon and the nerve cell
body, is referred to as e motor unit, snd is considered the
basic functional unit of a muscle.

The muscle fibre asy be regarded, for the purposs of
this discussion, as consisting of s cylindrical meadbrane
with fluid both inside snd cutsides In its resting state,
the membrane is thought to bs selectively pemmisble to lons,
with the result that an ion concentretion 4ifference snd an



o vl awWill

"T-5id

1Piuaivg
Buigsay

17

ool -

as 4+

< B raﬁu-aqed



- 2

accompenying electrio potentisl difference exist mcross the
menbrene, 1.¢. betwaen the inside ond outaide of the fidre.
The potentinl difference is relrtively lnrrge, nenrly 0,1 Volt.

When the fibre 1s.uo cohtrnot, 2 rrpld incremse 4in
the menbrene permeablility is thought to occur st the point
where the motor nerve terminstes on the ruscle fibre. This
increesgse in permability permits con exchange of ions detween
the intracelluler end extrsacelliulrr fluids snd results in
temporary sliminrtion or reversrl of the resting potential
difference, MNoreover the disturbance of permfebility cnd of
ion concentretion propegntes ropidly in both directions
longitudinelly throughout the fibre. The contraction 1s
followed pmompﬁly by » return to the normel resting stete,
vith the whole depolnrigation = repolnrizetion cycle lesting
only & few zilliseconds. N

If #n olectrode could be pleced within the fntro-
cellulrr fiuld ( without drmeging the fibre ) snd if ecnother
electrode were plnced in the extracellulsr fluid, n potentiel
veristion similer to thot shown in fig-1 would be observed
between the tuo electrodes esch time the fibre contracts,

Uhen a ruscle fibre contrects, a flov of lons occurs
in the extre-celiuler fluida irmmedirtely surrounding it,
rs mentioned previously., Consejuently, sn electric
potentiel veriction mrcy slao bte observed between n pair
of electrodes locrnted nerrdy in the extrerecellulrr fluld,
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Beceuse of the high conductivity of that fluid, this potentisl
veristion is sttenusted repidly with incrensing distance

from the fibre. Recent experiments direoted by RN, SCOTY
verify that the high freguency components are attumzat}od nore
repidly then tho lov frequenoy mupommt. the relation

being roughly "

Er = Eo exp ( ~0.2 r £'/3

vhere Br 1s the potentiasl difference observed st a distance

r om radially from the fibre, 2o is the potentisl difference
et the fidre, r 13 the distence in centixeters, and £ s
the signal frequency of interest in Hertz. The effect of

this sttenustion is 1llustrated in fig-2,

If & pair a? tiny electrodes is inserted among the
muscle fibres, contraction of » fidre very close to the
electredes will produce a ' sharp ¢ potentisl chenge, of
relatively high smplitude, 4 fibre locatsd further froa
the electrodes will produce s smeller potentisl change,
having relstively less high fyrequency content, While it
is unlikely that s single suscle fidbre vwill contract slone,
it 1s not uncommon for » single motor unit to contract in
isolation, ' The potentiasls from severs)l fibres of = motor
unit vill be observed by s given electrode from as many
different directions ané ditsnces, PFurther, the contractions
of the various fidres of » motor unit are not axsotly
synchronous, Conseguently, the potentisls ehserved from
contraction of single motor units are often quite complex
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snd are ususlly of longer duretion than single fidbre potentisls,
Typical single motor unit potentials are shown in fig-3.

when a muscle contracts normeally, various motor
units sct ssynchronously, sech unit contrivuting fyrom 5 to
50 bhrief mc’am per second, The msulting disturbances of
alesctric potentisle in and nesr the NISClON Are Very COmplexs
when plotted as &« function of tinme, they constitute the
faxilisy interference pattemn of electro-sygraphy (fig-4),

Ons property of this signel vhich &s of importsnce
in the design of myo~electric control systems is the relative
snergy content at vardous frsguenciea, It iz generslly
ajmd that there is little useful energy below 20 Hg or
sbove 1000 Hs, About the distribution of ansrgy in between
these two limits there is significsnt difference in apinion.

- Hirsch et al, mainteins the vievw thst cmm diabﬂbution

is more sbove 100 Hz, vheress 4N, Soott finds it below 100 Hu.

In bhe present work we hove prowvided s band-pass
fuuz;‘ zithmxva::ﬁ&ﬁmrf 100 HBs snd higher cut~off about
X0 B3, For the control purpose 1t has bdesn found satisfectory.
It i to de noted that BRMC potentials ss that of fig-h 1
of not much use, After rectification and low-pass filtering

4t takes s distinct shape as whll dbe expleined aftervards,

The lest questions remains, vhether sn individual
can voluntarily control the electric activity in » muscle,
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It vas st first vieved with scepticism, but it 15 nov generslly
agreed that conascious voluntary control of the myoslectric
sctivity in & muscle 1s posaible. It 12 even pouihli to
excite » single motor unit though 1t requires considersble
training. Since the fibres of » single motor unit are diatrie
buted within » radius of 5 wm, # single muscle cen provide

many control sites.



PREVIOUS DEVELOPMENT

Bafore the myoelsctric contioly the srtificisl srms
vere body=cperated, either Ly harness or by cineplssty, The
sxternsl pover source like esrbon-dioxide cylinder ceme
latter in use,

The force of harness control is obtainad fro- relative
motion batween tve or mors zeguernts of the body.{” Poroe
and excursion usually sre harnessed by means of lein-wide
webbing and a Bovwden csble, s flexible cable rumning through
s wrapped virs housing, Threse mostly used sources are
Biscapular sbduction ( using scapulay abductor muscles )y Arn
flexion { using humeral flexor snd scapulsr abductor ) snd
Arm extension ( using umersl extensors ),

In cineplsaty s tunnel 1s made tbmiuh the belly of
s muscle ( like biceps or triceps ) thiough which one end
of flexible cable passes, The movement of the muscle prov:ld’iu
required force snd excursion to the cadle which ultimately
controls the terminsl device,

Extarnsl pover pack like carbon-dioxide cylinder cosn
provide more than one operstion, Switches are erranged on
the shoulder and by operating different switches, the high
pressure carbon-dioxide is directed in various channels to
obtain different types of moveaents, Electro~mechsnical
control in the similsr way is possible by operating different
micro=switches, 3 {
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at the school of Medicine, Vanderdilt University snd was
folloved in 1959 by dezmonstrefion of woluntery myoelsctrie
control of e cardbon=dioxide = povered artificiel muscle st
Baylor University. MNeanwhile the first report of s working
myoelectrie control asystem had bLeen published by a research
group st Guyes Hospitsl, London, Englend in 1955, This
lsboratory demonstrrtion of the feasibility of ayoeleciric
oontrol was folloved by the developnent in London of increasing-
1y conplex systens,

In the UsSeSsRep myoolectric contiols research began
at the ecademy of sciences, Hoscow, in 1957 snd s working
model fitted to a patient was demonstrated in 1960, Cliniceel
spplication was immediate, snd by 1966 over 1000 patients hrd
been fitted with this equipment.

Thus 1t will be seen thet myoelectric control wvas first
studied in the United States, first demonstrated in England
and first used for voluntary control of ertificds) lismbs in
the U.S«SeRe Thers has been sn understendably reapid growth
in interest in this new control technique,

A simplified block disgram of the U.5,3.R, system is
shovn in fig~%, Iwo muscles are used in dirsct on-off control
of the motor vhich operates an srtificiel hand, The equipzent
is intended for use by = below~elbov amputes, with muscles of
the flexor group in the stump providing the control signel for
the ¢ closing * channel end extensor muscles controlling
the * opening ' channel, Metsl eleotrodes in contact with the
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Two prosthetic systems which closely ressadle the
USSR system hsve baccae avallsble in Rurops. One is in
Itsly by INAIL, its specification snd gerersl description
are 1ike that of USSR system except that 1t is slightly
large and heavier, The other is an ‘ustrian Systex, The
ocontrol unit and the battery peck are combined into one flat
packege 107 x 1) x 20 L weighing spproxizately 510 g, »nd
switching trensistors sre used instasd of relays to provide
on-off oontrol of the motor-driven hand, The evailable
prehansile force, 56 kg, grestly exceeds the 1-'5 kg reportad
for the USSR syatem. Goldeplated electrodes are used with
no electrode paste,.

A myoslectric control system developed at the
Bio=Enginesring Institute of the University of New Brunswick
incorporstes the level discriminastion technique mentioned
previously, Indnpindont on=off control of two functions
from one site 1s provided. A bdlock diagrem iz shown in
fig=7. A Aight time~delay in the initistion of funoction-}
ia provided, in order that the mmi?m betvesn the toff
and function=2 stotes mey be scoomplished vithout activating
function=1,

There hes been considerable experimentation on
tudbackp’ The magnitude of opening or closing of prehension
is converted into proportionsl fequency snd it 1s feadback
on the skin of the sudject by electricsl or mechanicsl
vibratore ZThe m-mmtl‘af Osssu Sueds on mechanical
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vibratory faedback snd of University of New Brunswick on
slsctrical stimulation is of considersdle i.portmet.’ 51

The griping force can »ls0 be fed back by suitsdle
strain-gauge mounted 4n the thumb. The Otto Bock hand hes
been tested by senioconductor strain guges,

¥ultdfunctionsl Prosthetic Hand 3

To produce multifunction by mycelectric contyrol is
considersbly difficult. If wrist is flexed on extended by
sinilar magnitude as that of fingers, vhat change is there
in EMG signsls? Obviocusly the dend of fregquency as well es
the smplitude (aversge) recsin more or leas srme, Then vhat
is to bs taken as discriminating fector? Only the pattern
of BMG 13 changed and theredby it requires s method of pattern
recognition, Initielly it seams to be the only possidility
end the researchers proceeded tovards that, )

:S-imjws
Of course the very vide range of motions of figures,

wrist and elbov csnnot be produced in artificisl hand, Apart
from the difficulty of achieving such coaplex control, the
slectro~mechanical arrangemant of such wvarious movements on
different sxes are not resliszsble. Hence the attempt haa bdeen
to produce the following six basic novexents in the case of
below=elbow amputation 3

¥ = Pinger flexion

FE « PFinger extension

WP« urist flexion

WE = VWrist extension
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The reros of thess discriminsnt functions desoride decision
surfaces separating the patterns, sathematically the functions
are
n
(%) 31)51 "1'1" wouﬁ .

vhere R = O 19 sese 9,
e, = rectified EMG sign-la from channel 1,
Vy® weighting factor sasociated with chennel &,

v, = constant term,

n = mmber of input channels
{ in their casa n= 6§ ),

If the uyaoltetric signals obteined in » parbicuf;w
stump muscle contraction yleld » walue of f£(E) ;0 , that
eontraction is wnnlgund to belong to a1 corresponding parti-
cular clsas of sovement, if (B)< a, the contraction does not
belong to this class, Thus esch sovement of the pmuiﬁﬁa‘ has
its own discriminant function. fhese functions decide whether

the myoslectric signsls originate from the corresponding
movenent of the phantos~=limb,

In the sctual procedurs, the UMG signals from »11 six
channels ars fed to e computer with the desirsd zovement
specified. The output of the computer is the optimized
¢ weighting factors ¢, These welighting fsotors are resliizsble
by electronic networks, ZThe way of connection 1s shown in
fig»9 for two desired movements of band, The ocorresponding
output terminal will be at i~state 4f that particular sotion
is desired, rest all five output termwinals will be at O=state.
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The analysis of the Colorado State University group
has been based on the nature of time ssries in that thetr
pattern can be parametrized into s finite set of pareseters
of s linesr signsl model that form & reduced minimel set as
‘osupared with the (almost) infinitum of values of the pattern
1tself, 7These parsaetars sust not dbe all stationary or
uniques per sach function for function sepsrability, Hovever
1f st least some of these psrameters sre such that thedr
range of waristion for s given limb function Goes not overlap
with that of other functions, then such seperation is possible,
o3 is shown leter to be the case in »#l1l thelr surface~
electrode BMO recordings ( over 250 records ).

An spproach to the sforementioned tawgniuon probles

| is given h tems of deriving a fast paremetrio-recognition
slgorithm vhereby the sutoregressive moving-avarsge (ARMA)
psrazeters end the Kelmen {1lter parameters of the ENG time
series esre identified, It is shown that the resulting identi~
Lied parameters yleld sufficient information to discriminste
between & smsll mmber of upper extremity functions,

The hardvave reslization of this technique, ss suggested
by the suthors, is shown in fig=10. It requirss A/D converters
memory, coaspsrators stc, and is reslissble by michoprocessors.

Both these systeus sre susceptable to the following
drswdacks ¢
(a) Hardvers realizetion is s very complex process s
vell as costly, Either it will require a digitsl
computer oOr microprocessors,



{h)

(e)

(a)

o185

Apsrt from the complexity, the wolume of the hardware
is considerable. In Scandinsvian systems six MG
channels are reguired vhersss in Daisl Granpsts
method several channels hews been suggested for

use to incresse the relisbiiity of the method,

The position of the slectrods on the wmuscle is to be
sccurately msintained, In Scandinevisn system, 1t
has Deen reported thad, the displecemant o! slectrode
by 2 ma from the required position hess been criticel,
This astter is dus to the fact that pattern of EMG

is changed due t0 changed position of electrode, snd
since the whole of their proosdure depends on pattern
of ENG 1taelfy the recognition systea cannot handle

s nev pattern, Usually the electrodes apre fitted

on the inner surfaos of the socket and slight movement
betwvesn the socket and the stump is inevitadle vhen
the presthetioc hand vill hendle soms load,

Svan 1£ elsctrodes sre kept sbsolutely in position

over the muscle, the KNG psttern will be changed due

to fatigueness of the muscle sfter working from {or
sometineg,

Resping »l) these Lfactors in view, we have developsd

s system vhich does not depend much on the pattern of ENG,
Even 4if electrodes are displaced by centimeters or pattern

is drestically changed by t-u%umu, our system is suppos~
ed to vork, because here the rectified signals will have to
satisfy a minimum required saplitude only. For the separs=
tion of functions 1t requires only s fev logic gates, The
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The sothod of plcking up =yoslectric signsls esn de
of folloving three types § »

(1) to train en suxullery muscle which is othervise not
perforsing sny other function,

(14) to train » muscle vhich 1is performing some other
function of some other psrts of body, and

(114) to use * phantom sensation ¢,

ve hove adepted the third method, though the first
two methods slso heve besn found generslly successful, 1he
mmber of auxullsry siscles = in the body sre very fewv in
rumber, 8180 thess sre amaller in size and desply located,
Usually it 4» nore difficult to train these. On the other
hand & muscle, vhich 1is slresdy performing some function
can be trrined for esdditional function also. For sxsxple
deltoid, trepesius,; scapulspr muscles stc, cen be tralned
to operste a prosthetic arm &£ the asputation is of sbove-
sibow type and this 12 only the possidle control if amputs~
tion staris from the shoulder region, Obviously, the smpubee
vill be sesn to move these muscles { shruge, jerks stc. )
while opereting his elbow or wrist joint or prshension movement,
Though thase are slso temed ss woluntary control, the
subjsct looks grotesgue for these Jerky bLody*movements and
13 %0 be employed only when there is no aother sltsrnstive,

Sur cese i3 that of below=elhov saputation snd §t
is assumed that sufficient length of stump is there belev
the elbow t8 fit the prethetic device, By rotating thet
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sonsequent electronic clrouitry 1s very simple snd thus
provides high relisdility,

In the next chapter we have described our system
in general and the detasls of dasign are given in the
next two subssguent chapters,
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stump slong 1its axis; the tve movements ~ pronstien snd
supinstion = ean partislly de obtained, Hence ve attempt

to provide the other four movement V7, Fx, wF snd WRBe. The

two suscles, extensid>n Carpi radilis Jongus snd its sntegoinst
one ( flex or carpi ulneris ) suffer contrsetion for the
shovesnentiorsd feur motiens snd papt of these two muscles

are aveilable sven in the elbowzome. Thus in ocur cese the
phanton ssnsation in quite useful to avold the grotesgue
movesents of body and to vork the prosthatic device more by
the voluntary twille, The phenton sensstion is the sensstion
of s phstom hand vhich almost avery saputes feels ( though
there are casss of nesntive phantom 2lss ) sven after long time ,
of losing the orgsn, IThey dlatinetly Lesl of closing or
opening the palm, besnding the vrist ete,, snd oontregtions in
the muscles of the sz tump are noticed. EBvidently thoss become
the signel-sites,

The most ixportant sdventage which phentom sensstion
provides 1is that slmost no treining is required for the muscles,

Ploking up the signsl

Usually there are thres types of electrodes ¢ murface
electrede,; peroutanecus elsctrodes and totally implanted
telematry squipmant,

¥e have used surfece slectrodes for its esse of
spplieation and kesping in view the pstients' acowptance.

An e lectric potentiasl difference exists scross sny
boundary bdetween dissiailar oonducting materisls, ineluding
the boundary betwesn s metsllic cenductor snd the gonducting
fluids of the bodys This potential difference is dependent
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Pre-smplifier provides large input impedence in order
of 10'2 shes. Such that source losding is in order of 1 pi
(10“2 emps.) Ihis large Input impedance is required slso
for the fect thet source impedance 1s in order of kilo-oms,

Hoxt stage is differential awplifier. It is required
for the resson that BMG signals remein slmost imerged in
noise, psrticulas,the pover-frequency noise which the body plcks
ub. Ruman Yody, in fact 1s » good sntens for powsr line
frequenay noise, The wsriable potentiometer provides very
high CMMR, The gain obtsined at this stage is low (wbout 10).
It i3 for the lete capmcitor ooupling as well as for the fsct
that polarixstion potentiale, 1f any, csnnot be smplified
much st the output terminsl of this stage,

The next stsge is » Land=pass filter, Ue have employed
ths resonsnt type, lower cutemoff frequency is 100 Hz and
higher cut=off 1s absut 30 ¥xy These are for the fact that
sbove fov hundred Hy, the BMC signsls ere very vesk, ¥With the
lover out=off »s 100 Kg, it does not require the ¥n-Hx strong
rejection filter elso. Oain obtained at this stege is 50, thus
ssking the totsl gein 500 upto thig stage,

The next block reprasents the wvarisble gain atage,
Our totsl requiresent of gain is about 90 dB (=w30,000 ),
hence st this stage » provision of variable gain between
h=100 4s kept. ¥ith the potentiometer in the minimsum
position, totsl gain 4s 10 x % x % » 2000, By employing
a total gsin of about 20,000, the BMG aignsls dook as shown
in £ig-13. | |
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Ihis potentisl cen be expressed as e product of four functions,
P=pd(L)e o(l)em,
vhere p» = perticipetion factor of that muscle im particulsr
~ Lunctioen.
M{)* blend=vidth of frejuency elloved to pess through
" bandepass filter,
o(1l)= position of slectrodes on the muscles
end ® = sagnifieation alioved. Thia =m can be tnken as
constant sssuming thet magnification linearly
incresses the saplitude of P,

Thus for n mmber of shennels,

Pyw Pyeg(£) e 0,(2)e my

* % ¥ & & 5 & & 2 B e
Hence for each type of funotiom, P,, P, ete. will be sueh that
sone 0f the chennels will Be at 1~3tate and some at Oe5tate.

For discrimination it 2 required that the binsry ocombinations
will de different for different types of functions,

For n pmmber of channels, totsl nmmber of corbination
1s 27, out of this ellezero state, othervise indicate the rest~
state, hence cannot be ﬂm. Iherefore totsl mmber of functions
by nechsnnels are (2"™»1). Thus by one channel, only one
funetion is possible, vith 2 channels 3 funotions and with
3 ehennels 7 functions. |

8ince ve ere to produee six functions of the ertificisl
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these obey at lsast some sort of suphiricel relstionship,
Aftervards b(f), e(1l) etc, of each channel will have to be
sdjusted in such a wvey that for different functions of
prosthetic hend & nevw binary combinstion is produced.

This work is quite lengthy ss well =s complex and will
be dealt with in future,
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shio 1o tho ooldn port S0 dooign in clootroroochonicold
Gyotcie HOZo wo hovo ucod tcothed typo cluten; koneo ko
ndg pop botucon Guo cognotic popto aro IR0, thio docds
e oo munbor of turno 1,06 0 Digsor odoo of clubtenda.
hltﬁun%c%&% urg deund thot toothloos Lypo 40 olco cufdicoab,
Gho Srdcslon botucon o prrto So cuffilclont o trancfop
poccoaado geipdng foreo Lo Shid prcucnolone Ucacd &h0 0ino
ould bovs boon cueh corldors Doucwowry oldneo tals Lo Sho

§4g00 ool optdidnntion of uwolgal ueo ot wodnteincd
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Cupdng tho Aoalpgne

(o) Pulling foren of rn cloctsoe=nngnot

Cuprcnt 1 4dncrorsoo oxpononticily in san Anduedlcd
elrendt ( £ig=15(a) d.

Voltogo nepocs ©ho €311 ot ey Instent oL 8 .

o®s Pouop ot thot lnotemt o L 4 .
Cnosgy storod 4n tico ¢age o 14 83, as, = 11 @t
Lot I o Ulticato veluo of mrm%%

By thot 84co, cnoppy cbowed @ i L1 41 !3:% L 12 °
, 0
sho ping An £45215(b) 4s conolddored,
1 o ¢otnl poriphordnl longth
I o Cupromt dn winding
B o pokrtdvo pormdrbdlity
' T |
o e o, honeoB o ;aésﬂmriagaoiifl

e’ PUfimonn, oI

o

N S ;)
o’ L O e 2l u( Fluz/rop ) 5 P np, cfd

(12 p a
¥ o onopgy otorcd o -é L %8 = ﬂ! o

3 92 npe
Honeo cnopgy=dcnoity © 0 ] 5T P&jg% o -%(L’K '3.)2 Y

Eut B & i‘ V’oﬂ =R uot T2
7'\8

oo UnRopgyedcnoity o m ®

Lot us pou eancdadny £55,9¢(0)s
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58y, the iron core is shifted by » distencs d, ,
Puliing force ( by one pole ) = £,
Energy ®= force x distance = f, ax.

Change of volume in alir-space * o. 4,

2
Hence, chonge in stored-eneygy ® oedye "%?ﬁ“ﬁ; .

.
c'a mdx ® f' 4

B ¥ x
[+ 3 £m g"a‘ﬁ‘u?‘;‘—' t«w » [all. in 81 Units } .

In our.case, the magnetic clutch doss not exmctly
form the ring-path, but the 2bove talculetion can be cerried
out for first-cut design.

In fig+16, the cross=sectionsl vievw of magnetic cluteh
is shown, It is having two psrts, A end B, Part B is rltbtd
on ths shaft by » pin. The hole in the shaft is slightly
bigger than thedismetsr of piny such that psrt B can heve
axial motion on the shaft at least for 2 mm, but otherwise
1t will rotate with the shoit when the letter is driven by
xotor., Pert~A 1s loosely fitted on the shaft and does mot
share the motion of it, But when the coil 1s energised,
part B i3 pulled Ly part~i, the periphsrial pins snter into
the holes of part A and can foroibly rotate part-A, From
this part=A, motion is transferred to the joints of hand by
vord or lever as the csse may be, Latter ve removed the
peripherisl pins of pert=B, sand it was found that even
frictional force between the two parts is sulficient to



o Ve

exert ressonable force on the joints of hand. All the move~
xents of hand reach the extreas position within ono-tburth“
revolution of part A, such that electricel connsction to the
coil can be aaintaihtd by flexible wire,

The formation of magnetic path s shown in the figure.
The collar on the shaft, msde of ebonite is provided such
that fluﬁ csnnot enter into the sheft. In that cese 1t will
reach the other clutches through the ghaft, Part~B isg kept
at a distance of 1 mm Dy sprip type of spring, snd ws regulre
to exert a force of atleast 0.5 N, on 1t.

Aceording to the previous calculstion wve st first
find out the ares which will sxert the force.
From £ig-16(a).

Yy = 3/16 ine = 4,75 mm = 0,43 om

Y, ® 9716 in, = the2 om = 1,42 om

Total ares = ( 2w x 0,48 ) x 0,16 ¢ (2r x 1.42) x 0,32
= 20 x 0,32 ( 0u2b+ 1.42)
" 27 x 0632 (1.66)
= 3,32 8q. cum
® 3,32 x 10°* %qe We

£ = 0,5 N, ( required ) .

f’?ﬁ.ﬁ_ 2 0%

[+



o*e B ® 6,15 x 1072 Wb,

ence, H = o .!nxm" /B we 50 AT/sm

The flux will have to cross airegsp of total length 2 mm,

Hence AT for 2 mm = 200.

At that low flux density, AT reguired for iron path 1a
insignificant., Therefors a totel of 200 AT mey be provided.

Considering the space avallable inside the prosthetic hand,
the dismetars of verdous parts are set oz follows ¢

shaft dia = 11%“ - -.‘ti- inch

Magnetic insuletions ‘}3" . '};" * *5:

Iron peth(inner) = 4}5“ + #” = %g‘-'
" L L]

Formes T REAEE o

Total = -}2 inch,

Ihe inner dlsmeter of clindex = 1 inch,
and overall outer dies is 1 ﬁ inch.

" i "
Thersfore, winding space avasilsble = "}g - ‘1’2 - 1-2-

Henoe, winding spice in one side 1is % inch or 4.8 mm,
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Let us use 23 SWG, which is having a normel current carrying
capacity of 10 smp, 1f used 28 stetic coil and 1.5 amp, 1if
used in dynamic part. However for short time operation over-
loading 4s possidble upto 2 or 3 smps,

Die of wire ® 0,63 ... 0.06% mm

winding space excluding insulstion = 4,5 mm (Say).
As shown in fig. 17, vertical distance for two layers
is (1.73 x redius).

No. of verticel layers = 032 x 1:73

No« of horizontel layers = ...2%.. = 2%.

Length of coll = 25 x 0,64 om = 16 mm .. 5/8 inch.
Hovever, the length of former made i3 3/4 inch,

Ihe dimensions of warious parts of magnetic clutch can
now be fixed as shown in fig-16,.

It 1s obwious that, if teethless megnetic clutch
is made, sir-gsp of the order of 0,2 mm 2s sufficlent, and
this will reduce the AT to one=fifth of present vaslue.
Consequently the size and weight of the clutches will be
highly reduced,

(b) Cslculation of length snd resistance of vire

Length of each turn = wD) = ¥ x '& inch = 2,56 inch.

For thres vindings, Length = 512 x 3 = 43 yds,
For 23 8WG, weight 18 5.67 lbs for 1000 yds,

Weight for 43 yds » aEZE LI yps, w 110 gus,
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Resistance is measured by sameter, voltzeter method and 1s
found to be 0.6 ohms, .

(c) 1Inductance and time constant of the coil

2
Inductsnce = ], = ” L ;2 ’ﬂ Henry.

p = 1000 ( for such lov flux density ), sssumed,
H = 200,

amg ey (5116)2 s$ge inch .. 2 8gs . ™ 2:10"!’ SQel,

1= 3” = 3 (25.%) o = 3‘:: 25, » ‘!0'3 R

= 0.,132 H
= 132 mH,

Hence tize constant = %w % s6C, ® 222 1 360,

Hence time reguired for the current to come to 95% of the
final steady=state value = 3 x time constant 1.e. 0.67 seq,

Thie 1s the msjor component causing delay between contraction
of muscle and axscution of function by prosthetic hand.
Delay cauhd by electronic oircuit is negligible, srlso delay
by rotation of motor is not muche In any case execution

of function will be within 1 sec after the * desire for it
vwhich is thought to be good and in sccordsnce with the
published dste by other method like pattern recognition.
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Directionsl Control of Current

The oversll elesctro-mechanioml prosthetic hend is
shown in the fig-18.vddd M pulley, dJever rad qand compesiidn,
During experimentation, tbd hand is kept clemped which mimics
the movement of normsl hand. 7The movexent of phantom hend and
the movexent of » normel hend is sald to produce sdme
pattern of BMG 4in the ssze muscle., With this in view, the
prosthetic hand is moved by the siuilar movement in normal
hand,.

Fig=19 shovs the connection of motor, battery and
megnetic clutches, Hers the motor-resistance (5 ohms) 18
the collector resistence of the transistors, the resistences
of magnetic clutches form the exither resistences, If o
12 volt battery is used, maximum current through the armature
1s 12/5.6 or spproximstely 2.1 emp, when trensistors =re
t on 'y For this, voltage required at the base ig

0sb + 241 x 06 volt = 1,85 vwlt = 2 wolt only.

Hence 1f the dsse is given s miniwum potentisl of 2 wolt,
trensistor is 'ont' and motor starts running.

Direction of currents are also autometicslly controlled
If base 8y 1s excited, wegnetic clutch~l is energized and
motor runs in snti-clockwise direction. If base 5, 13 excited,
the seme M.C.»I 13 energized btut motor runs in clockvise
direction due to reverssl of flux, Hence the pair 8,5y, c»n
control FF and FE, Similarly the pairs Béﬁss and 83F36
control WF-WE and P»S respectively. ’
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DLIAILG OF D:3IG 3 TLBCLROUIC

2o comploto elreail dlnpgeen 19 rhowa dn £45-20
vaih 12 Sho weluoo of ¢ho calpoancnto. Block dlrgeen 4o
clgordy ohovn in L4012 ond chort omplrnctlons woro
nlco givone Tho dooign agpoets oro given boloy o

L R Loy

It 45 odoply np OP=AIP uwith 1097 foodbnel,

Codn= 1 ¢ '%ﬂ 3 e

But oinco tho OP=LIP tnhkoo vory omnld rmount of

currenteinput, tho conocoyont dnputeicpodence o -

very highe - lo obinin horo ¢ho dngut dmpodened of

tho ordor of 10%2 etnae

hia 40 of convontionn) dooipgn vith tho goin of

10 only., Iho roncon of sueh lov godm ot thio otogo
is ripcrdy glvone Tho potontionotor givoa vory
bigh ClLil of tho oxdor of sqaea B,

o roconcnt typo bondepaos £1l6or 10 unod horoe
weheantle dirgern 40 choun An £i-21.

#0p enrleuldnting tho vrluoo of tho companonts, tho
£0lloving rolntionships oro uced 3§

N
Ry Cq @ gy (1)
L “o"'o oo

Uhogo ﬁo 2 pddebrad colteoge gndn

U S 27 Eb, Qb o pddsdapd froguonay.
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3
1= -59- ; Where B = Dandwidth

(in fregquency)

Cy € v |

33 ‘53;‘3‘2';‘ - "53“" ees (31)
1

R'Rycycp = -w—-%- oo (111)

)
1 R, R
R = —t B see (1v)
Ry + By

ey, lower cut~off frequency = 3 Hz
pssumad,
Higher cuteoff frequency=230 Hs :

Hence B = 23 = I = 200 Hz.
to' 3,..._%&..13)3,

W= 2n x 19 = 820 i‘adianfuoca

q=3R-= 0.5

Let AQ' 50 ’c"0t001}ﬂ7 ,andczﬂﬁaap?o

Ry =g froa (D)

oo

6
= » .
50 x 830 x 0,001 g oK

R. = Q. eee  from (11)
3 c, C

Wye ‘6'2762"—'

2

| 6
- De85x10. 800 K { We have used 820K
820 = 0.001 -



= 39=

f' = 5 i £roa (144)
t,2 Ry Cq Cy

1
o _ pos
820 x 920 = 80O x 10° z 0,001 x 0e2210

i) ohoo

o 9,3 K

32 n J2=8.3.9:3 _ . 22 K
159 = 9,3

Uolng Ry = 15 Ky Ry = 22 K, Ry = 820 Ko Cq = 04003 P’y rng
C, @ 0a2 pff ( 011 tho compononts within on nocuroey of & 2073,

6o voo ovalloblo )y wo obtainod by‘oxpceﬂaonﬁa

Lovogocul off e 100 Hg,
ighor cut=off o 270 Hz,
lid@=bond Lyoqs @ 170 g

tha daloeriponcy botucon tho enleulatad ond orporinoontnd enduog
opo quito bighe Any hou, tho snngo obtainod omporicontnlly

ung sufficiont £op cus PUFPOSO.

Vopdrblo grin otopo

it 13 nloo of convontional dosign. 4ho totel grim
boforo thdo otrpo 4o 10250 = 500. lldndmun godn ot thio
stago 4o by thus ookdng the totsl goim 2000. Tho 1 ok
potontiomotar ecn glvo high grin upto 200, thongh 4¢ vno
fcurd thnt oxpordcontolly cuch o bigh goin voo difficult ®o
obtnine £Lho ovor~dl poin tho coplifior couldd prevido veo
opproninntcly 100 d3, wvhieh woo oufficiont'fbr OUF pUrpIcOe

Migh goin clco dncerornoos tho cacnon~rods potontirl. lLow
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onrtplo, 48 Sho coplificd cormorenods potontinl 1o § voll,
cad cupply valtepo 4o ¢ 12 volt, tho difforonticl olgned con
hovo o oo conldfiod cwmplitudo of (1205) o 7V, Uhon

Gha 97 d.ce 42 bloclkod by eopocitor, difforontind signeld
rpponre ro 98 Dondoun 7V culputy, ond coro ond moro gedn
offoctivcly rc@ueca tho coplitudo of 1.

Vo ~dMotod tho grdn dn cuch n uny that cnplifiod

corwon-nodo potonticl ronning botwocn 122 volts

_Crpoe

Loy

(]
B s

- A% lowap cute-o

££, dopodones = —glp— = —glorrrre
) o
o 19 ohuig
21 1100210
= 160 ohao,

loneo £or C = 10 ply n gordos dnpodecnco of 160 ohno do
pat offoctivoly rnd thio impodnnes 1o not cuch compored

to tho othor conpononta.

At highor cuteoff, impodenco 20 440 otmo or 53 ohoo only.

Roectifior

02=Al? 45 usod in tho procoog of pootifdicntion
cuch thed tho ormo ground point 10 onintodnod dn tho noxnt
atogod nlcos £ho procoso of poctificntion 10 ghoun dn
£iupc~22: Vhan tho torainnl 4a hrelng oomo positivo
gotontdcl, tho output Cozuldnrd P of OP=AIP vwill hnwo
nogotivo potontiold, oinco Gk dngput 1o givon o tho
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invorting toFminols Tho dledo Dy will bo rovoroc=bloccd
but D, vill bo forunpdebiooods Honeo tho £food=bagl: roodce
toneo 20K will oo into actlions Thuo tho outpul point I
vil) havo tve polontiodo, ono 1o dizoet daput positive
potontiol, cnd tho othor 4o nogobivo potontlol doublo &k0
cognitudo of pooitivo oncs Honed tho vholo poodtdvo
holf=cyelo of dnputepolnt ¥ vill o convortod to nogotivo
ol cyelo ot tho polnlt 7,

thon tho podnt Y will hovo mogotivo potontiod,
tho poldng P vill hovo ponitivity. lionco dilodo D1 viil
bo foru-prdebinpod, rnd tho point P vill rounin nt ooyihe
potontinl. But duo to diroot connoction botuwcon ¥ and 2,
¢ho lottor point will continucusly ¢roco tho anéé nogntivo
potontlal of Y. lonco tho ovoroll connoetlon will gdvo
tho offoet of roetificntion, boccuso tho nogetdwo holf
1o potrinod ond ng 1€ tho pouitivo=holf do dnvortod.

Bi=Rogn Lih

Fpuroe=23 shoug thio coction individuolly., Yo spo
to koop tho timo eonotont 0.1 090C. OF
4C = 0,9 eso (1)
Lot de®e poin © 2, ( nooumod )

¢ o 10z 2w 20 K (uo uood 22 K)
]
523 (1), C o 9«815 9&3@—3—- z.'at..lﬂ.—ga P o g ol
L 20210 o Py e

In octuod ecircult, houcwory uwo hrd to won C = 10

fop bottor s0oull 5 2.0 tiooecongtant uweg pcetuclly kopd



o !{,&u

Qa2 20Ca
Lo eon enlculata (o cuteoff Lroguoncy na £0lloup § =

Soy @ © ogquivolont Aopedenco of =€ coobination

oz o4 ojuc s MiEed

° 3 ‘
o°e % T )W

At cuteoff Lroguoney grin 10 =elw—e o |2

B o o i
L e I

&

o, ———i a 2=n40
J20LRC + 1 N

Putting d © 242 Ky rnd dC 0 0,2

225402 = i3 x10°
)27 702 £ ¢ 1 )

OF 156 = 1,26 £+ 1
op £ o 0.bG NIo o

With thio cubtroff Lzogquoney Cho d.Ce co0plaond of

rpoetificd LG conoo sut ot the output torainod cubsilding
0dl tho pipplos. It 1p oleod to Bo notlcod CGhot tho
canonenedo gignrl will nloo produed d.¢. woltongo oftop
ovy=pnan £iltoping, dto ooenitudo boldag 12 volts IC 4o
bloelod by 30 pf sorloo enpneltor. iho output tomalinod
cESor tho enpredtor peandno ol nosd 9018 vhon thoro 40 ©0
difforontisrl dnputs “hon tho cuacloo eonterot, tho
potentisd rloo 42 botuocn 1=3 w0db ( COTO ¢omisa o2 vols )
ond croatco chongo of ninto An lovel dotoctore
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“ho Lovol Botoetor ~kd Invoelor.

L £irgt ono 40 of convcntionnl dosipgn. Invoriny

42 uced for DT gnto of logic cdrcult, 8inco input voltrgo

to 701 OP=/i? 40 licitod to hrlf of cupply woltngo, tho
output of lovoledotoctor 1o not fully glivon to tho dnvortdr,
bt o potentiaotor 4o usoed dn botucon, o dnwoFtor hosd
1o rn dovorting eopliflor, with o grin of rbout tone o
output vill be nt «12 volt in roastestoto, ond vhon tho
muosclo o controotod, tho output wolérge 49 chenpod to ¢12 volt,

Logle=gntoo »

iy osoontiol of logicegntos rro shoun dn £igeib
uboro tho truthetrblo 10 n0loo glvane 4Jho retunl cldpcult 4o
ashoun 4n £ipe2n. Jbe diedoslogic 1o uaod for AlLD grtog,
ho brode ﬁrrmngcaon% of MID pgnto hnﬁ tho dyivor oingo 4o
ghoun 0op~poly in £ire2h, %Tho input volirsoo mey bo ¢ 412V oF
=12 <0dC, tho 304nt 7 10 konpt 20 +9 wlts Uhon bath Cho
dlodcs ~po Povorac=bincod, tho patontinl of podnt N willd
Fleo to +9 Toll, but 1L rny of tho two podnta z rad y  oro
ote12 Volt, tho patontirl of 1 ulll alco Bo nt tho ormo
dovole

“hen tho ALD geto 40 tonty potontdsl of 2 40 ré
*0 $Ilty ond cut ut podnt P vill ~lco bo nt ¢9 wolte O
dsdvor obrgo 40 poguircd, bocruso outsut cugsont will bo
of tho ordor of 100 nl.

0 bowo uged paucsetrrnolstor (25305%) in tho cotope

circuite Itvo ompeificentions ngo 3
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8/iP1, 115 urtts ( wdth hont oink ).
£ = 800 Ke/o. ( odnicunm wnluo ).

vcbaa + 100 wvolt e liore, colloctor o bnoo volirgo,
onittor opone.

Bp, = 20270 { Nt I, © b rop e

It'o wotedlic body soxvon ra colloctor Gyrminrl rnd

tho tvo pino rpo cnittor rnd bnoo.

Sineo tho collogtor curront is botwoon 2=3 nnpo, tho

boeo curront vao botuoon 80=100 wlh ( mocaurcd ).

Honea tho outsut torminrl of ullG chranol should bo
rblo t9 cupply thot much of curront, Tho chnnnol itsolf
connot cupply thnt much of load, honeo tho d rivor otngo 4o

noccaointed,

Lho voltrpo botwoon colloctor rnd cadttor of SC 212
rorins botwoon 12 Volt rnd ito rating 1g 300 ols loneo
aoven 1£ 1€ ouppliocs 100 ml, 1% 45 londod upto 2N0 0,
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AL f£ipot tho qlcctﬁanic cireudt ung Cootod by theoo
voltnotorae +<hic 48 roquired to troin tho wusclos to

nvoldd orrntic signole

By tho lagie goton throo ototog 11, 10 and 01 nro
goparotod, Tho corros?onding output torminsls oro orpitod
iy U3 end WF raspoctiéolyo Throo waltpotors oro connoctod
r$ thogso threo torainalg, i.0. botwoosn ground rnd I

ground rnd WL otc.

lio connoction is provided in tho bogining to tho
oloectrarnochonicenl honde Only it uno dosirod thot uith
tha iT of norcol subfaet, the corrcaponding wvoltmoter
only should abwu the dofiocetion, nnd 2o no for the othor

Dovchontos

L% £irot toot ves corried on tho normnl hond of
tho cuthor, Ono cot of cloetrodos cro providod on tho
ontancor cr2pl rmdiclio longus cuascloe. fhogo two 00
retivo ocloetsodoos nnd nndo of osilvore On tho oxztonolon
of tho orco musclo tho ground oloctrode, vhich 1g crdo of
brroa, 4a put ot on ~pprozxicnts digtnnco of We5 em, Both
breoe nnd oilvor hno beon used rs ground cloctrodo ond
£o noticoblo dlifdoroncs in porforzrnen urd obsorved. Tho
other Luo netivo cloetrodoo, urdo of cllvop, cro put on
he £lo-or erppd ulnnrise Tho diotrnco botweson tho neldvo
cloetvodos npo rbout b eontimotors. o hovo trlod €9
incrcroo difforonticl poteonticrl Ly dmerorcing tho dlstnneo

botucon two neidve oleetradods In thot enco tho Guo
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cloetsadoo oro put to rnntonicenlly difforont odtoo, honeo
by ¢hio ¢ho cozoon modo potontirl 1o ineronsods Vo howo

found thof{ rbout & eo 1o tho optimun diatoneo,

Agrdn 4t woo found thnat tho nbovo=rontioncd position
of pround cloctrado §lvos mipirmn commonemedo potontind
o Both tho ennnnclos nnd concogquontly one ground olectrodo
ic cufficiont for both tho channolo,

Lov with IV, tho fipst voltonotor produccod dofloction,
vith UZ tho ooeond ono, tith WP, indtiolly, btoth £irot
rnd third voltootor producod dofloeticne ZLhorcby, tho
ororcico on wusclos rojuircs 1ittlo treining ond concontene
tione Ulth littlo cnra, which 1o solf«lennrod durdng tho
procoss, tho nushor'wna tblo to produco doflcetions in
throo toltuotors by throo rospoctiveo motions of hond. lor
thaso threo movononto, Urclning rcqulrod Qan of fou Lirmatca

only uvhich 11 vogy cneaurnpinge

friorurydn, tho connoctions rpo nrovidod botuoon
PPy Wy Vi of coontpol elrcuit to tho rogulred bBroog of
ternoistoro of £43-19, b0 proothotic hrnd followod tho
covcoento of o turcl hrnd, tino~dclry wng not moansured,
but 1% 10 of tho ordop in milldicoconds, In fnct; tho cotoy
chould bo conncetcd to iho shnft of mrgnotlic clutchoo
thisounh gerrdngs  Cpocd rogulras soducing with tho corsoce
ponding dncrcroo An LoXnoe 26 10 montionod Chat only
omoe douzth ravolution of (ho prgnotie=cluichos ( or ovon
1030 thra thet ) npo oufficicnt to comploto ~ rotion. I

o opcad of tho 1olar A0 1h0D repaifley Y NN Cych FOGUED
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it upto 1089 op ovon coro, tho P.p.0e of shrfl vill bo
obout 140, ond tino for onc-foupth powolution ig nppsorde
notoly 0ot 00Cs, oF 100 mdlldsoee It 10 ovon poosoidlo 8o
rcduca tho opood upto 20=30 tinos with tho conocquont gdco
in toFquo. Dy this mothod griping fLoreld upto sovornl Kg
e n bo excoted by o canld micgoe-rotor.

In tho pﬂbt@»&yph proothotic hond, Lobpicatod by
ug, tho rotor uno dircetly connootod to tho ohnfb of tho
nepnaticeclutehos and not wio goardnge Sinco ¢ho goduotion
of gpood mrdnldy offoetas the doloy ( botwoen tho covcaont
of anturol hond ond progthatic hond ), tho lntor voo not
norousod 4n oupr ¢nsos, Doloy Sn tho o;ncﬁsonﬂa ciyculty
13 nogligibloy ono more inportont fnotor of dolny 18 4n
tho ozponontinl zdoo of cotor curront duo to inductivo
offoct of vinding of oognotic clubtohe

I duo 8¢ orzatic £ixing of cuaelos, cox thon
ono controletosninnl proviac voltogo to the bncoo of
powor teronolgtors, tup situotions nony ryico. Yhon tvo
bnogos oxo £irod, tho two tronsiotors wildl bo oioul tencously
‘ont, iho curront through the motor will yomoidm oomo
1iko that of cinpglo figdng. It is npontlonod proviouply
thnt this curront 10 approzimatoly bottory voltogo divided
by cotor roslotnneo rnd Anitod to 22,8 oop for 12 vold
battory, boctuso updoy thot condition tho whodo of tho
supply sodiergo 15 dropped ocroso ¢3i100Cor Rooiotrneo.
In tho eaco of dund) £iping, this colloctor curront vill
bo ddvided ehf@uah tro ¢ ronagiotoro ond o negnotie clultehon.
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Insufficient current will flow through the megnetic clutech
and the part-A will not sttract part-B, In the case of
tripple firing, cese will be still the ssme, i.e, nc magnetic
cluteh will opsrete,

If sny two of the group 81*32-8 3 or sk‘-sg-sﬁ, are
simulteneously fired, current will flow through one fileld~
winding of motore In that cese motor will freely run,
since no clutch 1s sctivated. But 1f the two fired trensis-
tors belong to two different groups ( like 84=5)y» S5-8g ste),
equal current will flow through both the fleldewindings
resulting cencellation of flux, hence the motor won't run,

In the case of tripple firing like §y+84+ 84, unequel current
will flow through both the windings snd resultant flux
will be small causing Laster-running of the motor.-

In short, 1f two or more bases of pover-transistors
sre sionltensously fired dueio erratic signal, firstly no
megnetic clutch will operste and secondly the motor may
freely run or msy not run at all, ﬁy #ll mesns, these are

safe and no damege or overheating will occur in sny part,

Thus the reliability or safety of the oversll
srrengenent is quite high.

Seversl positions of the prosthetic hand rre photoe
grephed 2nd are shown in fig=2%.



OTHER APPLICATIONS OF EMG=CONTROL

Pdaitivn phantom 1s not essentiel, and let us
consider if the phanton of the patient 1s negative?

Treining of the muscles unrelated with the function
is probebly the only seans in that case. Of~course, the
suscles related with the function can elszt be used, e.g.
the saue pair of muscles used in this vork can be trained
to provide ¥, WE snd W& as ususl, Or the biceps-triceps
pnir.can be trained, | '

If the smputation atarts from the shoulder region,
phentom sensstion 12 of no use in that c¢sse. The muscles
like trapezius, scapulla, etc, rre to be trained in that

Calid,

Use in Oprthotics

It is the stismulation of paralysed muscle by
zyoelectric contros Say, the beloweslbow portion of »
patient has been parslysed., The hand can operate 1f
slectric stimulstion is provided to the esppropirete
muscles, Here also KNG signsls sre pickesd-up, processed
and 1s used to control the stimulstion to the paralysed
muscle, This work is now being pursued in United States,
Yugoslavia, and Itely and shovs considerable promise.
Primapry difficulties lie not with the mode of control,
but rather in the developeent of efficient means of
stimulating the paralysed suscle, A uuﬂor'improvoncnt
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in stimulsting technique would slmost assuredly lesd to wide
use of myoelectrically controlled slectric functionsl stimulae

tion,

Military and Industrisl ZApplication

The research on myoelectric control of eids to the
'pbyaicully handicepped hes been accompanied by a variety of
progrems intended to spply myo~slectric control to militery
and industrial spplications. Froposels have ranged from
machine-tool control and control of remote menipulators to
# control of powerful ¢ exoskeletons ' or s large number of
powerful robots by » single operator, Between thase extre-
mities lie suggestions for * Servo-restraint ¢ or fServo-
boost ¥ systems to rid pllots of highwspesd nircrsft during

severe turbulence or high accelerstions,

Most of these systems are intended for use by
norms). individusls, highly skilled in specific tasks, but
hopsfully without extensive training in the operstion of a
‘uyOtlccﬁrie control system, 8ince they are part of operstors
' Job', rather than s permanent addition to his person, the
use of surgicslly inplanted electronic equipment would seem
insppropriate. Houuvir, mosat proposals will reguire » large
rumber of separate myoslectric signals, If a robot 1z to
mimic 1ts operator f»ithfully, it is espparent that the
output of most of the operatorts skeletel muscles aust de
monitored., Crosstalks smong outputs of various muscles
make this impracticable with surface electrodes unless

10696 9 42_
CENTRAL LIBRARY UNIVERSITY OF NOORKEE
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coLn Copt of pnttownv&oejsnaaion conpuLtors 050 crploycds
Pedtorerocognition, dn turn, nddo grontly to tho complondty
of tho ayotco cnd oy poguiro ontonsdvo coteup proccduros
fop onch oporotors Fupthop, tho oldebility roguircionto
far tho cdlitnry opplientions propocod 0r0 VOFY 00VO0RQ.

It 49 hopd to roconeddo thooo roquirczonts uith propooclda
invalving dozono of surfoeo cloctrodos, oppliod with conode
dorrblo heoto ond cubd etad to violont covenmont,

)



¢coucCcLUgION 3

<hare rre fev dArnwbrcks of myoelectric control

system from the leyments polint of view 2 -

(1)

(11)

ihe movenents of fingers or wrist or rny other

type Rooks like thnt of cartooneplcture end mey
#1580 look ridiculus, Gince greded ctiruletion

with epproprirte feedbrck 1s 5till ¢ for hopey the
quick grotesjue robot-like movements mny not be
1iked by the prtient., Of-course, by reducing the
speed of the motor a rosoncbly slower covenent

¢nn be provided but thnt will incrocss the rdeley?
78 explained errller. Uowaver o comnpronise of

apead 13 rouired here.

Myo~electric control system3 are nll extornelly
powered, ihe powere-pnckege is indeed » prodblem,
‘he rschargrble nickelwcrdniuc cells nre the most
rpproprinte to use here. iJhe nup=hour crpreity

is to be fixed by cslculnting the poverwconsumption
of motor rnd of electronic circuitry. The crpreity
should Le such thnt eight~to=ten hours in the dny
time continuous work iz posoidble, she betteries
will be cherged during night when the patient will
sleap, ven withftbia the povere-pnck with the
processing circultry poy veigh nenr 1 Kg and thus
the prtient must corry. 2 specislly devised wriste
belt 13 propnased here.



N

(111) The oversll wcight of the prosthetic hand may b;
sbout 500 = 600 gms with our device for six motions,
This weight is hovever not much snd the patient can
esrry it conveniently. fThe weight of the lost hand
msy be more than that but the rrtificial sppendage
seexs L0 be & burden vhere as the natursl hand does
not. Fowever, with inproving technology further
reduction in weight is poasible.

(iv) The spproximste cost of the device described in this
work will range betwesn R$,2500/= to Rs. N0/~
including the battery ( if the motor is replaced in
our device, 500 mA~hour rechargesble batisries can
be employed ). For the mversge people of our country
this seens to be rather costly.

Apart from sl) thess factors, the memufscturing of
myoslectrically-controlled artificial hand is rersonable for
~ its novelty = f.e, contrdl of hend by the direct 'wills of
the patient. The satisfaction obtained theresftsr over-shedows
all other dravbacks,



REVOREICES

11  Od e LOvano, Ldvnncos in Bisellodlecd Ungge rnd [lodlend
Phyodes, Yole2, Ch.2, pp b5=72, Intorocionco Publishbaro,
John 410y rnd Bongy Ye¥ey 19380

a. Clynoo ond [:dlgun, Dilo=llcd@icod ingge. Syotcoo, Chell,
lic Gyrv HA11 Bool Compronyy la¥ep 19706

3] (1) G, TUosn, Ae borrond, 4 rultifunctionol contzol
systen for oloctronie proothonds, Inotituto of
Gonornl Phyniolony, Undvorsity of Torimo.

(11) 1ot Intornntionnl Conarons on Prosthotie tochnimno

rnd cultifunctionel rahabilitotion, 1¢=-2b linpa, 1973,
tJdons

{414) Tho INAIL » CUCA Proathosio ¢ Orthotics nnd
Proothotlen, Vol=27, la.1 ~ Narch 1973 .

(1v) Ulcetronleo Imtorantionnl, Sopte1by 1970,
(v} Cloctronlea, Octobor 11, 1963.

(vd) /ua dco Prosthocoacontpun, IUAIL, Budrlo, Itody,
Noge 2’73, 95, Johpgrng 1975, Sodton 31-336

(vi1) Pgoce. of tho 8th Intornatisnal Conforonco on podlend
rnd blologiecl Dngley July 20225, 1969,

N Intop Clinde Inforualtilon Bulloting, VTol., XITII, loe 9
Juao 1975,

19,  (2) Sucdn Ogrou, Inotobility of informntion trrncoissdon
940 vibgotnetilo sonootiom § (dn Jopensoo) Dot
of Blologdend Lngge, Foculty of Uajge. Scicned,

Oockn Univ.




Te

2e

3

Ge

DIpLiocunipPpnnzy
{ Botwoon 1972 = 1975 )

Ue Pogon, £ wicw of tho pothodo of psoconciag LG fop
uco ro o propogtiontd Contyol Cigned,y Bloeccdiend
ingge (0L), Vol. I, {003y B B1=0, linzch 1973

C. Compton Collino, /Aptdflelrl comoos, Proc. of tho
1975 Intomn-tionnl Confaronco on Cybornntdcs rnd
Lesoity, Srnfrenodoed, Coldse USA, 2325 Gopt, 1975,

Ve Udohino, L. Hepede ond othoxn, On cloctyonie circults
for co~ordinctcd ratien=control of sn ocloectyicrlly
povarcd oprtificiod remy, Leds prps brey, Cnge Polmshian
Undv. Jepon, (9. 19, p 105=115 197 ( dn Jeponoco Ye

D. Gropo ond othors, Stochnstic snelysis of CiC Cdgnrlo
for pulti=functionsd proothosio contiol purpooos, 1973
Cazarhien Conforonco of cloctronic Proothosis, Loxinglon,
Ly UGA, 19221 Jopte p S0-0.

Relip Loott, liyocloetrie Control, IBE lledicsl cloetronies
tonogrophy, 7*12. DU, 1411, B.ls Urttoon, (0d) p 1h1=69,
London,.

Jelle 10000, & Lo iondso, Proporiionnsdl olocip=nyopsrd
contsollod dconpd cmoclao stinulntor, Lilcctronieo

Lottor (GB) ; Volr9, lin=13, p 2886, 20¢th Junc, 1973

eeprAL LIRRARY DPIESITY OF ROORINDE



	Title
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Conclusions
	References



