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ZTRODUcrT 

HyOalogtrto energy' 1s vZ7 Insignificant In magnitude 
and this cannot be,  used even after suitable seplifioatlon, 
to drive the oybernatlo £ichaniali. 8anor the dritrdnd energy 
is electric ( like electric motor driven by r.chargabls battery) 
or pnsuastic C ,ike carbon dioxide cylinder) and the syo 
electric potential is used, after asp .3PicaCaton, to control 
the driving energy. 

In this introductory portion, vs will discuss the nature 
of ayo loctric potentii l .* 

man ako .#tal a aois Is coeposed of mi rthre.id'like  
fibres, these fibres do not exert a constant contractile 
force, but rather contract and relax repeatedly at rates as 
high as 0 tii.s/sec, The fibres rarely # if *von # act indi vi 
dually. Rather$  they acre innervated in groups* Bach group#  
which contains froa 2 to 20M fibres ; depending upon the  
muscle !'hnotion, is innervated by a single nerved axon. The 
group of fibres, together idth the axon and the nerve call 
body # is refined to as a motor unit#, and is oonsidsred the 
basic functional unit of a wusol*. 

To musclefibre ,say be regarded, for the purpose of 
this discussion*  as consisting of a cylindrical aarbranf 
with fluid both Inside and outside* In its resting $tots# 
the membrane is thought to be selectively p+areisbla to ions, 
with the result that an ion concentration difference and an 
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,"comp ►nying electric potentiel difference exist across the 
brrnie, i.e. between the inside end outside of the fibre. 

The potentill diff rence is relrstioel r lrr^ge$ newly 0.1 volt. 

When the fibre Is to contract, a rapid inorer se in 
the me brsne perttability is thought to occur of the point 
where the motor nerve terminates on the muscle fibre. This 
increase In psrmtability permits rn eenhnnge of ions between 
the intracellular and extrneel..ultr fluids rind resulte in 
temporary eliidnntion or reversal of the resting potential 
difference,. Moreover the disturbance of perm2ebility and of 
Ion concentration propagates ropidly In both directions 
longitudinally throughout the fibre. The entraction is 
fbllowed promptly by a return to the normal resting state s  
with the whole depolarization - zepolnriention cycle lasting 
only a few rillieec ends. 

If rn electrode could be placed within the intro 
cellulrr fluid ( without drw Bing the fibre ) and if another 
electrode were placed in the etmcellu3Mr fluid, n potential 
variation sirii .v.r to that shown In figi would be observed 
between the two electrodes each time the fibre contracts*  

tun n iuscle fibre cantrects, a flow of tons occurs 
In the extra cellular fluids irmediately surrounding It, 
as mentioned previously. Consecuentlyt on electric 
potential variation wry also be observed between n pair 
of electrodes located nearby in the extrA-celluirr fluid. 
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Because of the high conductivity of that fluid, this potential 
Variation is attenuated rapidly with increasing distance 
fro. the fibre, Recent sxperia.nts directed by R.N. SCO?"T 
verify that the high frequency components are attenuated more 
rapidly then the low frequency components#  the relation 
bring rouges 

zr * No exp (wO,2 r 

where Er Is the potential Jiff rence observed at a distance 
r an radially from the fibre, Eo Is the potential differ ncs 
at the fibre, r is the distance in centimeters, and f 3s 
the signal frequency of interest in Hertz. The effect of 
this attenuation is illustrated In fl 2. 

Xi` s pair of tiny elect +rdes is inserted among the 
muscle fibers, contraction of s fibre very close to the 
electrodes will produce a 1 sharp 0 potential ch nge, of 
relatively high amplitude. A fibre, located further from 
the electrodes will produce a smaller potential changes  
having relatively loss high frequency content, Whil., it 
is unlikely that a single muscle fibre viii contract *Ion* 
it is not uncommon fb' a single motor unit to Oontroat In 
isolation„ , The potentials from several fibres of a motor 
unit vi]] be observed by a given electrode fr+am as many 
diff tr.at directions and dueness. Further $ the contractions 
of the various fibres of a motor unit are not exactly 
synchronous. Consequently'  the potentials ebservsd from  
contraction of single motor units are often quite complex 
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and are usually of longer duration than single fibre potentials. 
?ypical single Motor Unit potentials are shown in fir-3. 

when a muscle contracts nOraslly, various motor 
units sot *synchror ausly# each unit contributing from to 
so brief twitches per second. The *s lung disturbances of 
electric potentials in and near the muscles are very complex. 
when plotted as a fiction of tiny, they constitute, the 
Allot Inte ference pattern of eleotro grsphy (fir). 

one property of this signal which is of importance 
i,n the design of ayo sl otrio control. systems Is the relative 
energy content at various frequencies, It is generally 
agreed that there Is little useful energy below 20 Us or 
above 1000 Use  kbout the distribution of energy In between 
these two limits there is significant diffsrenca In opinion. 

• . Hirsch at '. maintains the vi that energy distribution 
Is mops above 100 fs ► whereas u.N. Scott finds it below 1000, 

In bizr present work ws- have pd  id a bs ►pass 
filter with lover cutoff 100 He and higher cutlet? *bout 

kat bu-' - prow;ded. 
300 lss* For the control purpose It has been Bound satisfactor3P. 
It 3s to be noted that lG potentials as that of tS.gN 3s 
of not much use, After rectification and lav"pass filtering 
It takes * distinct shag as will be explained afterwards, 

The .art questions remains, whether an individual 
can voluntarily control the lectrie activity In a muscle. 
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It was at first .+sy4 with scepticism, but it is now generally 
agreed thst conscious voluntary control of the myoelactrie 
activity In a muscle► is possible* it Is even Possible to 
excite a single motor unit though it requires considerable 
training. Since the .fibres of to single motor unit are dlstri 
butsd within a radius of 5 sir, a single muscle can provide 

many control sites. 



PR1VXOU D 1' ,x` 1 T 

Before the s ll.etrio oontro1.t, the artiteif1 eras 
were bodroparat d, either by harn ss or by cineplaaty. The 
external paver source like carbon dioxide cylinder c as  
latter in use. 

The force of harness control is obtained from relative 
notion batw.en two or sore s•gs nts of the body, 121 bras 
and *XCU*sion Usually are, harnessed by *tens. of 1it"wide 
webbing and a rden aabla9 a t%oxltle cable running through 
a vrapp d wire housing. Three mostly used sources are 
Bitospular abduction ( using scapular abductor mus 1,as ) : 
fledou ( using rnsernl ft.zor and scapular abductor) and. 
Arm extension ( using thsersl • xtensors ) 

rn cineplssty a tunnel is mad* through the belly of 
a ausc1e C like biceps or triceps) through which one sond 
of f exible cable passes* The movement of the must a provides 
rsq~uir.d force and excursion to the cable which ultimately 
controls the terminil device. 

gxtarnal power pack like + sbon~dlosido cylinder can 
provide more than one operation. Switches are arranged on 
the shoulder and by operating di f flsrent svi tch a p the high 
pros sure carbon-dioxide is directed in various channels to 
obtain different typos of aorrmauts. L.ectro nechsuical 
control in the alail.r way is possible by operating different 
ticrosvi tch,s. 3 
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at the school of tdsdic ne, Vanderbilt University and was 
followed in 1959 by ds onstra "ion of voluntary wyoslsctrio 
control of a c arbon"dioxi e I' powered artificial musolo at 
Baylor University deanvhils the first report of a working 
myodsatris control system had been published by a research 
group at Guar's 'ospitsl p London p England in 19. This 
laboratory demonstration of the t.asibility of r al*c rio 
control was lbUovsd by the development in London of increasing*► 
ly complex systeres* 

In the U«s.s.R. , aelsotric controls research began 
at the academy of sciences, Moscow # in 1957 and a working 
model fitted to a patient was demonstrated In 1960. Clinical 
application was immediste and by 1966 over 1000 patients had 
bs•n fitted with this equipment* 

Thus it will be soon that ayo.l.etric control was first 
studied in the United States,# first demonstrated In England 
and first used for voluntary control of artificial limbs in 
the U.S.S.R. There has been an understandably rapid growth 
in interest In this now control technique, 

A simplified block diagram of the U.S,S,f. system is 
shown in fig.5. Two muscles are used in dirsot on off control 
of the motor which operates an artificial hand. The equipment 
is Intended for use by s beiov~slbov amputee, with muscles of 
the flexor group in the stomp providing the control signal l for 
the ' closing t channel end extensor muscles controlling 

the . opening + channel. Metal electrodes in contact with the 
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Two prosthetic systems which closely resemble the 
USSR system a have barns* sys.i.s'# • in Rurops, One Is in 
Italy by IKAIL, its specification and general description 
sr. like that of USSR system except that it Is slightly 
large and heavier. The other is en Austrian Systse, The 
control unit and the battery peak are oaabinod Into one flat 
package 10? z 13) x 20ass, weighing a r 	st.ly 51O g, and 
switching transistors are used instead of relays to provide 
o"ff control of the w to ►driven hand*  The available 
preh efsile fore *, 56 kg, greatly exceeds the t"'5 kg reported 
for the USSR system* Goa 	sted +ctrodes are used with 
no electrode posts* 

A "* lectric contra. System developed at the 
Wfr ' e gint.rinit ustitute or the University of New Brunswick  
incorporates the level discriainstion tecbnigui mentioned 
Previously*  Independent onoff control or two rations 
true one site is prodded. A block disdrsas is shown in 
tag?. A slight tla rdelay in the initiation of tun tion 1 
is provid.d in Order that the *nsion between the #off# 
end funotion2 states soy be eccoapUshed without activating 
fUnctton 1. 

There has been considerable experisentation on 
►a k[ The magnitude  aagni'tuds of opening or closing of prehension 

is converted Into proportional *rquers r and it Is feedback 
on the skin of the subject by .leotriesl or ssche*icsl 
vibrator* 	The experiants of d sssu Seeds on a..oh.nical 
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vibratory  f eodback and of University r of i t Brunswick on 
electrical stimulation is of considerable importance,' 5J 

The griping force can also be tad beck by suitable 
strain" gsug. mounted in the t i b« The Otto Back hand has 
been tested by aaaioonductr strain rug.s. 

l tt f2notiarm1 Prosth.tin Bond 00 

To produce *ult4function by myoelactric control is 
consIdersbly difficult. It wrist is f .exed on extended by 
s1a13ar magnitude as that of fingers, what change is there 
In Z14G signals? Obviously the bond of frequency eta rnl~. +war 
the sep],itudo (s r.$s) remain more or loss s"se* Than what 
is to be taken as discriminating factor? Only the pattern 
of R*) is changed and thereby It requires a method of pattern 
r.00gnit$on, initially it seems to be the only possibility 
and the researchers pa oc.eded towards that, 

Of arse the vary wide range of notions of fgur 
wrist and elbow cannot be produced in artificial band* Apart 
from the difficulty of sobieving such amaox controls the 
sl.ctxo *ichsnicsl arrangement of such 'various movements on 

different axes are not realizable. tfancs the attempt has been 
to produce the fouoving six basic moments In the case of 
bolo elbow izputatIon 

PP 	Finger fl ion 
7 	Finger extension 

' . Wrist flexion 
WI 	Wrist extension 
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The reros of those discriainant AincUon. describe decision 
sursces separating the patterns, eatheaaticslly the sbnat ons 
are 

let 

where 1 0 *, •C2 •0**  • : 

s j  * r otUied &Gi sign-lie from channel 1, 

VI  a Weighting factor associated with channel i,, 

w. - constant tows, 

n * amber of Input channels 
( in their case n * 6) , 

it the ayoel.ctric signals obtained in a perticuler 
stuap auscie contraction yield a value of A() , 0 ,• ' that 
contraction Is considered to belong to a oorresponding parti• 
cular class of oovaasnt, if t(*)i 0, the contraction  dooes not 
belong to this class. This each . mot of the prost iis' has 
its own disosis ent function. T iss functions decide whether 
the ajaslectr a signals originate i s the corresponding 
aoeaent of the pbsntoa"Uab. 

In the actual pzocedurs w  the W140 Signals from SU sixr 
channels are ted to a ooeputsr with the desired eovausnt 
spiv lid. lb. output of the meter Is the Optimized 
M weighting factors • . The** weighting factors are realisable 
by electronic networks. The way of connection Is shown In 
#'frq for two desired aovesnts of bend. The corresponding 
output tszinil will be at 1o►atate U that particular .motion 
is desired * sort all fire output trrainals will be at stat*. 
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The analysis at the C ►lorado state University group 
has been based on the nature at time series in that their 
pattern can be pa.z etrixed Into s finite set of paranst.rn 
at $ linear signal sodsi that farm a r educed sisal met as 
+ psrad with # the (a« st) tntiniti of values of the pattern 
itself,, Thee parueteri scab not be all etsUonary or 
unique per each Azantion for fiction ssparnbU ity However 
It at least some of these perseeters are such that their 
rang. at 'va s t n for a given limb fu nation does not overlap 
with that of other functions, than such separation is possit n# 
as Is shown later to be the case in al, their sarfa+c 
electrode WO recordings ( over 250  records),  

An approach to the sl''or men nsd recognition problem 
is &ivan in toes of deriving a fast psraanbriorecognition 
algorithm .t whereby the eutoregressiva aoii rv.rsgs ( 
parameters and the Xa),*en filter parameters of the *NG time 
series are identified, It is shown that the resulting idsnbi- 
fled parameters yield sufficient information to d1sariainate 
between a small embalm of upper extremity nct ions. 

The bsydvsve realization of this techniques  an suggested 
by the authors  # is shown to fir1o. It requires A cony rters 
memory, comparators etc. and is realizable by mi processars, 

*0th these systems are suss eptable to the following 
embanks 

(a) lardware realization is a very complex process as 
wall as costly, Lither it will ",quire a digital 

.puter or aicroprocssrs. 



(b) 	Apart taw the oapl,ilty, the value. of the hardware 
is o sid*rsbl * IlkScandinavian syet six 00 

channels are requir d whereas In Dstel Or.o t s 
e*t4 several channels have beern suggested tar 
use to Increase the r.liebility of th r eat' 1. 

The position of the electrode on the euscie is fig► he 
accurately asintsin*dw Zn Scandinavian systoa'O it 
has been reported the t # the displecesent of electrode 
by 2 	fros the required position has been critical.. 
This matter is due to the -fact that pattern of 11(0 
is changed do• to changed position of elec#rode $ and  
sines, the whole of thsi.r Procedure  dependr on pattern  
of zio ltstlt, the rognitton system cannot handle  
0 new pattern. Usually the electrodes are .tted 
on the,  later suttaor of the soot end slight sovrnnl 
between the socket and the s tuap It invItsblo when 
the pros thetlo hand will handle soso load* 

(4) 	Ivan it electrodes are kept absolutely in position 
over the muselo , the Z pattern will be changed due 

to htigu*n.ss of the suede after working 	rr"o'' 

Zesping all these factors in viowt  we have developed 
a system which does not depend such on the Patton of 11(0. 
Semen It electrodes spa displaced by c.nti*st.ra or pattern  
i0 drastically changed by tstl fts4,, our syst+s is sup s-
.4 to work# because here the rectified signals will have to 
satisfy a *lnisur required sip Ubud. oar•  for the sepses 
tiers of , actions it re uir+ l only 6 few logic gates. The 
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The meted Of picking UP UY0410etrie sign.1t *in be 

of iaUoving three t, Ms ~► 

U) 	to trim an euxullery muscle which to otherwise not 
performing any OttIer function, 

CU) 	to train a muscle which is performing some other 
.action of some other parts of body, and 

(l ii) to use 0 phe,tas sensation '. 

W P3t adepted the third method, though the first 
two methods also bra been mod g sre)3 .*acosstui, the  

bey of sure .ry muscles mm in the body ire very try► in 
giber, also these or* smeller in size end deeply locited. 
Usuill; it is more ditl' cult to trimim these* On the other 
hind a .muscls*, which is s3resdy performing some (unction 
can be trees for addition (unction el so, tot example 
deltoid,  t p siui, scepuler muscles *to,* can be tritned  

to operate a prosthetic arm if the imputation is of above 
elbow t7pe and this to only the possible control U m tr' 
tics starts tram th. shoulder region, Obwiously, the imputes 
will be soon to more %brso muscles C •b .0 inks etc. ) 
while op.r.ttng his elbow or wrist joint or prihension movement. 
though these or* also termed as woluntery control, tie 
subject looks grotesque ter those Jerky bodraal.s.nta end 
Is to be employ d only when err to no other slt.rnstiv.. 

Our case Is %act of b.lo ►sl ov imputation and it 
is essuaed that sufficient length at SUMP Is there below 
the elbow to (it the prethetic devise,, BY rotating that 
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n* 	nee + o t relic dr utt r is .ry slspi,a sz.i thus 

In th* nos% chsptr vs Lisis c + s ib.d our system  systeus. 
in # rsl and the d etas at design are glien in U. 
next two subssgk+~ t ehspters, 



sharp Blond its axis # the We noisMstts 0 pxas.li•n crud 
supinstion 	n psrti.0r be obtained, lance we attest 
to pVOI.d r the other four sowsaant fl, fl, tom sn4 WI, The 
two ansees $ •xt•nstif Csrpt sardWs longus and Its entaisinnt 
One C flex or carps u" .r.*) 	" er aantrootioe for the 
abo .sontlar*d soar ma tless and part of these two nusolsa 
are available oven is the elbow" sons. Thus in our em the 
phantos sensation In ~ts useful is avoid the igzotis rs 

aovaents of body and to work the proathitic device acre by 
the voluntary 'wf1'. The phntos sensation the sensation 
of s ph. tea band whist almost ovary saputsa toils ( though 
More are cases at ns.tivs phsntcu else) +van after long tin* 
of ins .nl the organ# They distinctly tier].. of closing  
opening the p " , banding the wrist etc. # and contractions in 
the suedes of the a hap are tired. R vidant3,y thou a '1 e 
the signsl sltsa. 

The most Szportsnt advantage which phantom sensation 
provides is that asst no training is roollred fOr the auselos. 

Pilbkin4 up the si  

Usually there are the types of electrodes surtsom 
electrode, psrit.nsoiis electrodes and totally iaplsnt.d 

asetry o+ l .nt. 
We have used surfoco electrodes for its rasa of 

arpplisstion and keeping in view the patients' seoeptonoa. 

An electric potential difference esista sores, any 
boundary between dtsdallor ssaduatind not rises, including 
the boundary between a aetallia aaselactor and the conducting 

MIA$ of the body. this po ntlal, ditterenee is dependent 
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P 	itisr provides largo Input Impedance in order 
of 1012  Otago Such that source los4ing is in order at I pad 
(10 12  rip..) This large input Impedance is required also 
for the feet that source pedance is In order of kiln-ohes. 

next stage is dittsr .t of aepUti.r. X't is required  
for t e reason that 1MG signals remain asst lasiged in 
raise, psrttcularths pover.Cr.qu.ncy noise which the body picks 
up* Ruesn body,#  in fact io a good eatena forpower line 
frequency noise. The rXablo potentioseter provides very 
high CMM.. the gain obtained *t this stage Is low (about 10).  
It is for th. late capacitor ooupling as well as for the tact 
that polerisstion potentials, If a # cannot be .*plitied  
such at t e output tors al of this *tog*, 

The next *tog* is a bendpsas filter. We have employed 
the resonant typo# lower out.ott freQuency Is 100 Us and 
higher c*tott is *fit 3. 4 zw chess are for the fact that 
shots few hundred rd Us# the MG si, eli .re very weak, With the 
lower outran as 100 fs#  it does not require the 5 •Us strong 
rej•ction filter also* Gain obtained at this stag. is O, thus 
nuking the total gain 500 upto this stage. 

The next block represents the variable solo stage. 
Our total roquirseant of ,dinar Is about 90 dB (O►3O 9  M ) 
henea at this stage n provision of variable gain between 

100 is kept. With the potentiometer in the rind 
position * total gain to 10 x 50 i ► . 2000. By employing 
a total gain of about 20,000, the *140 sills look as shown 
to 11g13. 
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This p tmU*l can be expressed as a product of tour tonottons, 
F a pOb( 0 *(1) +n. 

who" * a participation factor of that muscle iM partioular 
11/AQ110A. 

Who t4*nd vidth of frequency afoved to vote through 

.U) Position of electrodes on the utusoles 

and is 0 asgnUie.tion allowed. Thu a can be tam as 
constant asaaing that Magnification lnearly 
increases the pli ds of P. 

?hus for is Abe of channels, 

I a p11b1(t) * .1(1). #ti 

P2 • p2 b2t 1) * '2(3')' U2 

0*** 0 0 0 0 0! 0 0 

p~.b (f). enu ,. Pn 

ifence for each ter of .fiction, Pt , P2 etc. viii be such that 
sosr of the channels viii be at 1- tate and sex* at O.Sfate. 

b r discririnetiors it is rquird that th r binary cosbinstions 
viii be d . `Z•. t for different types of functions, 

For is amber of cban a total rn.bsr at cobinstion 
is , cart of th1s)sU&'•ro etst. otherwise indicate the C*stw 
state, b.no cannot 	a wr +M► o ► total nuuibr of functiani 
by n.chanrbels are ( 1). ms by one channels only one 
function is passible, with 2 ehsnn,ls 3 functions find with 
3 char 7 functions. 

Sitar vi are to produce six tanctions of the artificial 
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these ob. r at least aoae sort of esphiriee]. relationship#. 
Afterwards bt r  *(I) etas*  Of each channel will have to be 
adjusted in such a way that for different sanctions at 
prosthetic hand a new binary combination to produce* 

this work is .quit lengths as veil as coaplex and will 
be dealt with in future, 

1W 
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3s7, the iron core is shift.d by s 'distance d1  , 
Pulling f ro ( bons pal* )*f  , 
&ray a force x distance 0  tw  d. 
change of volume in sir spec. a 9 * +t 

2 
Hence, change in stor.d energy 	s.dz, 

* 	 = f. d x 

or, :* 	 • FUin1Unttsi. 

In our: case, the magnetic clutch does not exactly 
fore the rin path, but the above calculation can be carried 
out for . rst-cut design. 

in ti 16, the ez'os ,s•otionai view of magnetic clutch 
Is shown. It is having two parts#  A and B. Part B is fitted 
on the shaft by a pin* The hole In the shaft is slightly 
bigger than thediameter of pio5 such that part 13 can have 
axial motion on the shaft at least for 2 rya, but otherwise 
It will rotate with the shoes when the letter is driven by 
rotor. Past-A is loosely fitted on the shaft and does not 
share the notion of it, But when the coil . Is energised,, 
part B is pulled by prrA, the puipherial pins enter Into 
the holes of part A and can forcibly rotate part'.. From 
this part"A,, motion is transferred to the joints of hand by 
cord or lever as the case way be* Letter we removed the 
piripheriel pins of parttB, and it was found that even 
frictional force between the two pots is sufficient to 
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exert reasonable force on the joints of hand. AU the so,s. 
Bents of hand reach the axtraas position within ona.tourth 
revolution oi part A0 such that electrical connection to the 
coil can be aaintainsd by floxibl* wires 

The formation of agnstic path is shown in the figure. 
The collar on the shstt, made of ebonite is provided such 
that flux cannot enter into the shaft. In that case it will 
reach the other clutches through the shaft* Part 13 is kept 
at a distances of I 	by sprig type of spring, and we require  
to exert a force of at .cast 0,5 M on It* 

According to the previous calculation we at first 
find out the area which will exert the force. 
Ira. ft 16(o) 

Y1 a 3/16 in. • 4r' mot * o M as 

Y2 0 9 x'16 f n, * 14 * 2 mgt a 1,42 ON 

Cotsl eras a ( 29 *0,1.6)  0916 + (2*r 2 1.f2) *0.32 

* 29 x4.32 C 0#216 + 1.12} 

a 2s' *0.32 (1.66) 

a 3.32 sq. cue 
* 3.32 x io 	sq. ii. 

f a o.5 1 ( required ) 

t ~ 	* 0.5 
~Q 
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Vence, 9 it — 	0 	.~ 	2 	ATl'a 	I! AT 	o 

The flux w1U have to Cross dr.gap of total length 2 -. 

He a+AT for 2 zn *200. 

At that low flux densit7, At required for iron path is 
insignUic.nt, Therefore a total of 2 At may be provided. 

Considering the space available inside the prosthetic hand,, 
the disetsrs of various ports are set as fobs 

Shaft die to 1:s►" 	inch 

Magnetic inaulatfoz 

1A 	 MF 	 111 

Yonwr 	 a + 	 ' 

Total 	* 	inch, 

the inner di rioter o! clUA*r 	I inch*, 
and overall outer die is 1 inch* 

Therefore#, winding space available * "'~~ ~" 	a 

Banos # winding space in one side is 	inch or 1+«$ ~►. 



Let us use 23 SWG which is having a normal current carrying 
cspsuity of 1b sap, if used as static cot]. and 1.5 sop. if 
used in dynamic part.- tow,vr for short time operation over-
loading Is possible upto 2 or 3 saps, 

Die of wire" 0.63 - 0.&e as 

Winding space excluding Insulation" 4.5 as (ay). 
As shown in fig. 179 vertical distnnco for two layers 
Is (1.73 x radius) . 
No. of vertical layers + ~ 	.. 	- 8 

toy at horizontal layers s 	N 25. 

Length Of coil" 25 x :064 ta * 16 as ., 51,E inch,* 

Eowwor, the length of former and* Is 3/ inch. 

The dimensions of various parts of magnetic clutch can 
now be fixed as shown in fir16, 

It is obvious tbst It testhl+rss magnetic clutch 
is ssde # air"gap of the order of 0,2 as is sufficient, and 
this will reduce the AT to ons1fifth of present value. 
Consequently the size and weight of the clutches will be 
highly reduced. 

(b) Calculation of length and resistance of wire 

Length of each turn a x0 a r x Q inch a 2.56 inch. 

For three windinga 1 Length a 512 x 3 0 43 yds, 
For 23 sWO 9 weight is 5.67 lbs for 1000 yds. 
Weight for 1+3 yds * 	~ lbs. • 110 fms. 
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Resistance is measured by ammeter, voltmeter method styd is 
found to be 0.6 ohms, 

(a) Inductance and time constant  of  the  call 

Inductance a i► 	1 	sn r , 

1000 ( for such low flux density ) , *owned. 

200. 

0 	 w (5/16) 2  eq. inch 	2 aq. cam, *' 2z10 k  sq.m. 

I'm 3*3(25,  1) 	in 3 x 2 e r 1 3  m, 

3 x 25. z10 

a 0.132 0 
= 132 mgr, 

Hence time constant a 	x 	sec. a 222 m sec. 

Hance time re uir d for the current to come to 95 of the 
final, ot•ed3-state value * 3 x time constant i.e. n.6? sea. 

This is the major component causing delay between contraction 
of muscle and execution of function by prosthetic band, 
Delay caused by electronic circuit is nsgligib3a, also delay 
by rotation of motor is not much„ In any case execution 
of function will be within 1 so* alter the ' desire for it ' 
which Is thought to be good and in scoordenc* with the 

published date by other method like pattern recognition. 
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Directional, Control of Current 

the overall .l. otro-a.chaniasl prosthetic hand is 
shown in the tig►18.vr . 	1a51,, rusv ted. V 	aoeammAft & 
During experimentation,, the hand is kept clapped which mimics 
the movement of normal hand. the movement of phantom hand and 
the movement of a normal hsnd is said to prod+ ► scree 
pattern of MG in the come +sole. With this to viev, the 
prosthetic hand Is moved by the siiiiar movement in normal 
band. 

Iir19 shows the connection of motor# battery and 
a*rgnetio clutches. Here the motorwresistan (5 ohms) in 
th. collector resistance of the transistors, the resistcnees 
of magnetic clutches form the ithsr resistances. I ' a 
12 volt battery is used,, maxima current through the armature 
is 12/5.6 or approximately 2.1 amps when transistors Pre 
' on t . For this, voltage required at the base is 

0.6 + 2,1  x 0.6 volt a 1.85 volt , 	2 volt only, 

Hence It the base is given a minims potential of 2 its 
transistor is 'on' and motor starts running. 

Direction of currents are also automatically controlled, 
It base t,~ is excited,p magnetic cintob-I is energized and 
motor runs in sntic3ockwie direction. It base 3 , is excited# 
the same M.C..i' is energized but motor runs in clockwise 
direction due to reversal of flux. Hence the pair S1ov 4 can 
control `N and . . Similarly the pairs S2$S5 and G3 6 
control WY-WE and P.S respectively* 
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8Fi;P! 115 urtt3 ( u2th boat oink ). 
Cc, = 800 Kato# ( ,1nicuI; vnluo ) 

Vcb*o + 100 o t 	= I:r c.co11ootr to b€ co voltrCo, 
or.tt for op :n. 

bgQ M 207O C nt l e 0 4 'tag ) 

Xt' a cot111c body uo oo ro coil  actor r b 1nr1 rnd 
tho to pth rro c ittor rnd b~iao0 

Uineo t to c11octor currant 2.o bot*700f 3 zOpa, ttio 
bnoo currant vnc bottsocrn 8fl 1!)0 nt ( moz aurod ) . 

Wor oo tho cut-gut torinrI of G chrnnol should bo 
rblo to cupply thot nuc'i of cts'ront,. :ho ch nno , it oit 
connot supply that such of 10 .d honco tho d rigor otr4(3o io 
Y ocosoirtotse 

ado voltrao botuoon collootor mrd czitto' of CO 212 

r :r2n3 bot'ioo 1-2 Volt rnd ito rttinc a 30 t:=, Homo 
avon if it ouppiioo 1(0 3I # it to londod veto 2r0 o.', 
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Lt Strait tho o1OC rOnlo circuit rns tootoc2 by throo 
vol otoro s Abio I a I'o CuIZ'od to tir4n the wuacloo to 
Hyoid ormuc oicnn1. 

Dy the loaio antoo throo att ton 11, 10 cind Al nro 
uopo toc1. the co'rospondint output toxzdnln nro o tod  I 

1-1 s t.2 :nd tIP rpoct2.o1y Throo 1tzotórn t1ro co!noctod 
r t t aono throo tort in^la, i.e. bot!303n around rind IF..- 0 
Ground md !J3 etc. 

U0 connocU3on In provided In tho boglnlna to tho 
oloc'raoconicnl h: nd.. Only It sn. desired thnt uith 
the 17 of norct,l aura u3ct q the corronpontlinG voltcotcr 

only Should a13U the defloctIon p and co no for the othor 
cove- ontry,. 

f.t 12.rot toot coo o ce rriod on the no=nl hr nd of 
the rout r. One cot o c" olootrodoa r..ro provided on the 
o Stoncor c r i rdivilo lY'n n ma o. DIY heao two k ro 

motive oloctrodoc r_n1 undo of al]vo?. On the o itonaion 
ot the omo zuaclo the Cx and electrode, t ±Ich is cmdo of 
brrca, in put of en n proirir2nte diatrrnco of 4*►5 c. Both  
brr.oc ^nd olivor ttna boon unod no around oloct'odo end 
no n +tico-iblo d1f orcnco in po,forrmnco u oboorved, `'ho 
otho to rcr4.vo oloctmdoa Q undo of olivor, ero put on 
tii^~v flo oS crr i ulrv' lo+ 2 Jo dlat^nco botoi-Gen the r cJtvo 

oct doo tiro rbout continotora, o hvo trioci te► 
incrcrco difforonUt-1 , poaan ir..l by incro^clnc tio dio :^nco 
botucon twoo r►ctivo oiact doe. In t.het Greco the cao 



oloctrodoo rro pat to rnntoD1cn11y difforont oltoo, bonco 
by thlo tho c o :n7 r-odo otonttr . Is tncrc ncod. '.o hrvo 
Sound that. r.bcut 4 	to tho optir.~un dlatonco4 

;r3 a 

 

2t corn o Sound t r t tho nbo o r ontlonod p►o2 t2on 
of Crour:ci oloctv*Co civoo minirluD eo o "ttoco yotont1n1 
to both tho c,*,nno10 end concotjuontly ore around oloctrodo 

I. cul" ;'iciont for bath the chnnnolo0 

Lou uith £ / the Lirot voltnotor producoc d,otloction9 
ultai t' tho aoconcl *no. taithe tL7, ink.tiouy a both f trot 
rnd tbirG voltnotor produced dotloction. iborobyD tho 
onorctco On Luocloo roqu1roo little trrinhnrj and concontrr-
tion. t t.tb little cnro, which to t olfflocnrod during the 
proc0000 the ruthor ur:o nblo to produce dofloctiono In 
throo oltotoro by tared roopoctivo motions of h^nr1. lor 
th000 three movononto trrth1n3 rciu1rod vni3 of Sou tArzuto3 
only t h1cb In very oncourrt ina, 

Pitor-inras, the core octtono rro "rovidod botuoon 
111 -39 ',i of cunt al circuit to tho required fircoo of 
t rotctoro of 9IG-19, ibo procthotic hvnd follouod tho 

covc onto of n•. °far~3. bid, trod&dclr'y uno not concurod 
but tt to of tho ardor in mIllicocondo, In fnct, the r.otc 
oi±ould bo co rnoctcc1 to Lho ohnft of :rtnotic clutchoo 
tzirau3h Cc: tine„ pocd oyjulmo ro luo1 , w .th the crroc-
pondInG Incr ^c-o In ^.or uo. Zt to z onttonod th^t only 
OUth rocolution of ►ho cnGnot10-clutchoo ( or ovon 
1o3) thrri brat ) no ouffic1cnt to comnploto n cotton. It 
the o cod of the t::oLor to 1400 r.p.m., uo crn .von reduce 



It upco 1®09 4' ovon ro D tho '.pogo off" hrft a . l 
obaut 10 and r4zo for ono-fourth as ov lutlon is rapt o 1 
c c to y O1 ooa0 o7 100 oUllaoc. It to o on pooibo is 

uco tho opood uptO 20 	ti ids uitb tho condo ,wont tco 
in to'cruo0 By thin tothod ga ping forco upo oovornl I rj 

c^m bo c otod by n curl. c Ict tzo a . 

In tho pot 	rpo p othot2.c be n& ffbricatod bsr 

uo 0 tho c for u o d .roctly cannoatod to tho ohntt of tho 

oc gino l e- clu bchoa find not con Con r nc . Sinco tho r oduotl o n 

of opood QvInly ag'f'octz tbo do1oy C bottraon tho covc ont 
of n'iturnl bnn1 onci p athotIc ho ) ,g tho 1ntor won not 
r~o^auac~d In our c oo0 Doloy In tho oioct nic o rcult r 
I s no fUUC$bio 9 Ono 	Imp tone tnO ►I of c2olny la in 
tho o nontIni sioo of t otor curront duo to .ru1ucti 
affoct of wind the of iirijnotic clutat 0 

i ' duo to or o tic fI Inc3 of c aeloo coo than 

ono c.3flt O1 *tos iflri provIdo VO1t^ao to tho bacon of 
povor t naiotdr3 Q tt o aitunt1ona any rZ1CO, tfban two 

bn000 c ro fIrotIq tho two tr -noto ro will bo oIDu1t nooua1y 

to . 

 

iQ currant throuGP tho rotor vIll join orco 

Uto thot Of atn to fiinJa It to oont.lonod 9oviouo3,y 
hot thin curront La oppsvn oto2.j bbttory volt000 di1v4Icc2 

by cotoz' roointr noo tad iji s2 to 22 nop for 12 alt 

bauo D bocr~ucc, undor thot c d Lion tho ui olo 09 tho 
Oupp24 v 1tr o in droppod ocL ocz c311ocor rooIotrncoQ 
In tho cnco of dual firm thin c l ootoz carront. v111 

bo 4IvUdCd th uCb tea t n of O .I'Q and t50 t t o ti c clu trio o 0 
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insufficient current will flow through the magnetic clutch 
And the part*fit will not attract part"B. In the case of 
trippl. tiring#  case will be still the saes#  i.e. no magnetic 
clutch viii operate. 

It Pny two of the group 6,*-SeS 3  or G , S S6  are 
simultaneously tired, current will  flow through one field'  
winding of motor. In that ease motor will freely run # 
since no clutch is aotioatsd. But it the two fired transfer► 
tore belong to two different groups ( like 51-S S S6  stn) $ 
equal current will flow through both the tieldivindings 
resulting cancellation of flux$  hence the motor won't run,*  
in the close of trippi. tiring like 31  °S s una ii current 
will flow through both the windings and resultant flux 
will be small causing tasterrrunni,ng of the motor. 

In short, It two or more bases of power» transis tc rs 
are simultaneously fired dusto erratic signal#  firstly no 
magnetic clutch viii operate and secondly the motor may 
freely run or may not run at ail,, By all moons#  these' are 
sore and no damage or oaerheetfng will occur in any part. 

Thus the reliability or safety of the overall 
arrangement is quits high,* 

Several positions of the prosthetic hand are photo 
graphed and are shown In fig 25. 



p'THRR APPLICATIONS ©F BMG CONtfOL 

Positive phantom is not essential,, and let us 
consider it the phantom of the patient Is nagstive? 

`reining of the muscles unrelated with the tction 

is probably the only means in that case, O cours., the 
suedes related with the function can also be used $ e.g. 
the some pair of muscles used in this work can be trained 

to provide Fil l  wit end WP" as usual. Or the biceprtricepe 

pair can be tar insd. 

It the aiputntion starts from the shoulder region, 
phantom sensation is of no use In that ease, The muscles 
like trap zius, scspulla, etc. are to be trained In that 
case. 

Use in Orthotlos 

It Is the stimulation of paralysed muscle by 
2yoolootricr c ontro Say, the blow elbow portion of is 
patient has boon paralysed. The hand can Operate It 
electric stimulation Is provided to the sppopirete 
muscles. Rare also ICMG signals are piok.d. up s, processed 
and is used to control the stimulation  to the paralysed 
muscle. This work is now being pursued in United $tstes, 
Yugos avie #, and Italy and shows considerable promise. 
Primary difficulties lie not with the anode of control # 
but rather in the development of efficient moons of 
stimulating the paralysed muscle, A Melor improvement 
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in stimulating technique would almost assuredly iced to aids 
use of m 'osisctrically controlled electric functional stimula-
tion. 

Military and Indus trial Application 

the research on myoslsctric control of aide to the 

physically handicapped has been accompanied by a variety of 
progress intended to apply myo-slsctric control to military 
and industrial applications. Proopospls have ranged from 
machine tool control and control of remote manipulators to 
$ control of powerful * exoskeletons 0  or a large nunber of 
powerful robots by a single operator. Between these extre-
mities Ids suggestions for * Servo-restraint ' or 'servo 
boost $ systems to Pid pilots of high-speed aircraft during 

ssysrs turbulence or high accelerations, 

Most of these systems are intended for use by 
normal individuals # highly skilled In specific tasks, but 
hopefully without extensive training in the operation of a 
syoslsctric control systems  Since they are port of operators 
' b' rather than a permanent addition to his person, the 
use of surgIc4ly implanted electronic equipment would sees 
inappropriate. Rovever, most proposals will require a large 
number of separate syoslectric signals*  it a robot is to 

stale its operator tPi t tally , it is apparent that the 
output of most of the operator's skeletal muscles crust be 
monitored. Crosstaloks among outputs of various muscles 
make this impracticable with surface electrodes unless 
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here "ro few drrwbrcks of ryoeloctrlc control 
system from the lPymrnt B point of view 

{ i) 	he movements of fingers or wrist or r ny other 
type looks like that of ctrtoonopicture Pmt may 
plea look ridicu .us. since graded ctirulntion 
with rpproprir to teodb nok i s s till. r ter hope, the 
quick grotes.juo robot"Uke movements terry not be 
liked by the p ^tierit* 4i'-c,urse*  by reducing the 
speed of the motor a ro onnbly slower tovezont 
c n be prodded but thrt will incrorae the #dairy# 
PIS explained erg Tiler. Poor r c om proms re of 
speed is re.huirod here. 

(ii) 	Myoeleotric control 3yste= ore ell extornelly 
powered. he powerrpnck ge is indeed n probes. 
he rech"rgeble nic l o dmium calls nrs the most 

iippropria to to use here. he rrnp ►hou,r crprcity 
is to be fixed by ].culnting the poverconsunption 
of motor end of electronic circuitry* The crp city 
should be such that eight. to ton hours in the day 
time continuous work is pos ,ible. ehe batteries 
will be charted during .night when the patient will 
sleep„ .,.Irren with this the power►pnck with the 
processing circuitry may weigh near I K g and t lAs 
the pr>tient must carry. I. specially devised waist. 
belt is proposed hers. 



(iii) The overall weight of the prosthetic hand may be 
about 500 • 600 gas with our device for six motions. 
This weight is however not such and the patient can 
carry it conveniently. y. The weight of the lost hand 
may be more than that but the artificial appendage 
seers to be a burden where as the natural hand roe 
not. However, with Improving t.chnolo y further 
reduction in weight is possible, 

(iv) The approximate cost of the device described in this 
work will range between Rs.2500 / to 11,. 3O00/ 
including the battery ( i " the motor is replaced in 
our device # 50O mA*hour rechargeable batteries can 
be employed ) « For the average peopl. of our country 
this seems to be rather costly. 

Apart from all these factors o the m nutacturing of 
myoel.ctricsllr controlled artificial hand Is re sonsbie for 
Its novelty • i.e. oontrdl of bond by the direct 'will' of 
the patient, The satisfaction obtained t aereeftrr overshadows 
all other drawback t# 
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