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Fiouwrae 1.1 Mook diagram of a myoelectric prosthesis [DE4]

o e

activated in the nec

zary directions. M o =impla block

diagram  of a basic myoelectric prothesis system is given  in

Figae La1

1.2 Historical Rackaoround

Since the arousal of interest 1n myoelectric

control  in 124072,  approaches with varying degrees of

comple

ity have heen proposed to tackle the problesm of

information processing.  Most of the earlier research on the
field

SIS L e e

itngle motion control of the - Lhang-—bang
<] -

toypes. In the experisents with myoélﬁctrically controlled

hand, Reiter uwsed rectiftied signals from two muscle groups

LuJta. The electromyogran (EME)Y signals from finger flexors
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.sf.inal tord

Sf'iha‘

nerve

Nerve
{.iber

Figuwre 2.1 The motor wunit [JIB1)

control  consists of the spinal motenewron,the muscle Afibers
and  various receptors providing feedback information to  the

cantral nervouws system.

The suscle 1s made up of groups of muscle fibers
which fire, o are depolarirzed, synchronously within ths

T OuD but asynchronously with othier groups. The

climul tansausly  functioning group formed by the muscle fibers

and  the wmotonewron innecvating them is known as  the motaor

unit. The motor wunit is schematically depicted in Fig.Z.1. It
should be noted that the fibers belonging to a motor uwnit
.., fibers that are csupplied by the same nerve are aot

exclusively grouped together, as  the

illustration might

suggest, bul are intermingled with each ather.
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Figure Z.2  The generation of the MUf
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This signal 1s  known as the motor unit  action potential

MUAR)  and its generation i€ schematically shown in Fig.2.2

A m sl

The shape and amplitude of the MUAF are dependent

on the geometric arrangement of the active muscle fibers with
respect to the slectrode site and the above mentioned factors
which effect the individual muscle fiber action potentials.

The MUAF  is  followed by a twitch of the wmuscle

tibere of the MOtDr unit., In order to sustain the wmuscle
Coﬁtractian,the muscle fibers must be repeatedly  activated.
The resultant signal is known as the MUAR tréin (MUARPTY . The
MUAFT will remain constant as long as there are no changes in

the factors effecting the MUAF's.

L TR

Figure 2.3 A typical EMG recording
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during  constant foroe isometric

i,

ie@a. s the reciprocal

. decreases gonotonically,

af & mobtor unit is &

23 posttetanio sotentiation: cduring remetitilve

tlhation e bhwitoch tension of mobor unit increases . HWith
correlation bas been found between the twitoh
amplitude of the MUAF

i ations motor  wunits tend to  svnchronize

during physiologic Lremor, o ather

5 s A ey o o P b e o gl LS T S oo o o g g g P T o e Jro T
i sffeot of loads load tends Lo cause a shifit in e

of the EMG towards the lowsr frequencles

ey



17




18

carnn be  modelsed with = lTinear

inations oF

outputs and present and past inputs to

Aorelation of the form
N

Qa .
o K 2 e Z‘:J‘L ‘:’;k_i_ -4 Zt'}{ L=t k‘{ . i1}

i,:( {0

whanre vy 15 the output and w  is the input

R I T o where bthere is no aco

with the

comman practice Lo

input to be white noise. Since there iz no

therefore no information about the input, it is

to ohoo

a general signal with no distribution

The choice of a white noise driving signal

st has & flat  spesctrum without

Lrai aumes ters &

arnd b{ﬁ 141

P

the cutput of the systen from past

can e

s, For this resson linsar podeling is widely

arnd Wizl sre the z-transforms of yk and  w

KT

The general model of (2 containing both reros

= krmown in literatuwre as  bhe  AFRMA sodsl. T
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namaly 1) where &; =0 1Toi i

give rise to the all-zero model

oy and the all-pole model bkrown as

cloamad YorEnT

[43

Amorg

most thorowghly studisd and

fregquently A1 though ARMA ths most parsimonious

order,  and MA is the most efficient

vetems, AR nodels can be  used

sible because the zeros

E= A T

anted with poles in AR, though

to rise considerably  and  the

momEnliat . Graupe gilves proof

by
£

obtaingd from identified purs

Comodels by omeans of polynomial divielon for various

of mbability 7 P Y vrLJh111tvfnun1n7hrtlu*1ity

preterring Lo work with AR andels

cature avallable aboutb its  proparties

ard the computational efticiency in its identification. Other

ar sensitivity to smodel order

s and involwving only one inaccessible term.
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i fication of 4R Cosfficients

5 the parameters

of  an wunknown model, or in

words parameter estimation, ig an important topic  in

araly

There are various approaches  to
paramster sstimation, but only least-sguares (L8) esbimabion
will  be dealt with here. LS is a common and well-documented

techni gue. e i o

for the popularity of LS algorithms

arae their convergence properties and robustne Fo round-of f

L2535 N W § Y

Bince the signal which is of main interest in this

sty ,

the EME iz a stochastic L CIEsEs, Lhe

i thiss

o stochastic

Mowaver,  the sane reasoning is also valid in the

e signals.,

In the LB tschnigue, the parameters of the svslem

B ST E

windler

arvation  are obfained by minimizing the square of

the pradiction srror with respect to each of the parametsrs.

input ta the system is unknown, the only means bo

predict  the owtput of  the sten iz to wuss the linear

. . - e A
conbination of  the past outputs., It v represents the

sredicted value of the signal. v such that

error and the expescted value of i1ts

N
A P
o] = w7 a2 u k¥ -} 2 b R 1 [y
K "k L et b7 k=t
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@rrors detined as:

. N '
Tk 7 ?':K_N - Z. b‘i x?!k_N-‘-i. - 44D

i=l

b e

ap and by denote the forward and backward predictor

CoEtf Lol en

anote  the Sarward and

brane beagr o

Foar a model of  order M. giwven
y N Far an &R model of order
Ao omowomon Yplyo . ! z Wi

the Forward  and backward reflection

e are given by

P o »—1(3—*]4) e
ke,

G+

- - ”i__:)-H“h Lilind

vl @

HQ” mhﬂ@? 1 (47

-2
K

Eed

- B L (48)

= Ele 0 r Q1 ‘ (49

Thise Fonrmula Foar the forwvard and backward errors gan

nk9+” i mkg) - Hrg+n rkg) (503
- ("H um (j) -k ("H) o3 0) T
Y ) & 28 e.) & , {
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menber of the class  to  whicoh

Difierent versions of the N

medghbor (ENM) algorithnm  where

t neighbors  of the wunknown

vote  of B

neighbor

afre o reod and the s al il red K-

nearest

account.

Since the MM oalgorithos asswne that  the wii sl ant

lLegitimate measwe of the mimilarity

thay reEpre

sent, special cars mus

talraen 1oohog

appropriate distance mzasuyre for the

2 @il W

plication consic

spsci o ayp

In implensntation I pattern mlassldication

The oo

mputation of the distance From  &ll

a large storage space o

stews all  bthe labeled sanples. T o

o reducs

ce i mumber  of  computations,  Hart

i que which came to be known as The oondense

.

Later, modifications

the common ddsa is bo go throagh

by one  and  try  to

i

availabte until then. 14

e corrsot, ie discarded. I+

witioh s to bhe

satid ons. Ties
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Y.  MOTION CLASSIFICATION

OF EMG S1C

contirol led

Girgded with surdace electrod

o the mobtion intended by the ::qjuv El

1, the motors of the prosthesis are achtivabed in

{bserving the sotual pesrformance of

the ampuises can alter the contrsction in his

in the

Wi

the myoelechric

o
HH

TH el omLis

Huluﬁ

MESSUREMENT ST EMNS

FROCESSIMNG

the myoelectric praosth

Figuwrse dal

T MretirTomLg Ll ar

coordwmotd on

.]y controlled prosthe

ing unit and & mobtor

the signal pro g Wit owhiich o is

sie le given in Figed.2.  The




34

ot signal o proc

i order oto Findg

Fisd a= having resulited  from
certaln moth ans.. The techolgues  emploved i featurs

@iy a

sification wvary widaly

i s Ferant

4.4

chod of Approach’

In e pre

study we will approsch the problesm

fication by estimating ths intendsd limb

from  the =ingle channel of  swwface EMG

sigrnal. e will nob trey to decide on the limb  tunchion by

dirawe From the average powsr

signal Jo Mor will we be concerned with  how  each

We maintailn thalt there is sufficient

mhape of

with high

discrimination

least

a single channs is Lmportant

o i
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comput
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the o’ th Iimb function model, M
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ant Limb

algorithn

gt e
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ved at time b,

18 the model orfder and ¢ is fthe

sach 1imb function  were

In the identification of these

aloorithm of Chapter (11 was eoploved.
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for the model oirder,

interest.

discrimination

e ddentidied,

To o sach of the

edaoution of

LS00 Was

S ar

emploving  the

Library was

order to reduce the numbos of
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reducing the number  of Compari songs

a4

io steps in olassifving an

Ltk onarn

ronding to the desire to sxecubs

o of M

ENLE

AL T

TCATION
¥

AT CONVERSTON
B

LBENTIFICATION

(FERCOR)

~
.

-
H

SHIFTCATION
T NETGHEDR)

DECTSTI0ON

g

Fiowere 4,03

= Hloock diagram of EME class

ification scheme

N Froomcdures

hem to

oand evaluation of a s

th the above approach,  the ol lowing
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adius

and  Fowr Rigl tings of which 10 kHz  was

was fed T

s obhe compuber PDF

wipmant Co

ather Deing dig

yEaares-ol Feal thy

aotrodd ware placed at the midpoints of

T Thie ei

sing the buloess of the biceps and triceps

les in order bho maximise oros

-t al k.

15 sxperimsnts were conducted for  sach

Liml fum

gLt ied. I Five of these sxperiment

the rest position, performed =

comntraction in his

son® Dime. in tive other superiments, he started from rest,

amd returned his arm to resh. The last

a muscle contraction  and

le contractions.

wire colectsd over a oeriod of 2

Thw signals wears sampled at a ra ot G M,
wWere bwo Jor  congcerns in the sslection of s

oneg which concerned  the  higher

theorem stating thalt the

anfr L L ng

should be at least twice its highest

Lower frequency consideratio
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help of sguatiorns (3207 and (31) of Chaptesr

it ie  evidsnt  th

At d

a  vunction of

L gnal correlations  with

mpling intervals, N being the model

model order increasing the sampling rate

zamples thalt are observed closer to

e taken into account. Thus only

changesz  in the signal will be considered and componesnts with

will & be disregarded -~ [JSL1, 061, LEET.

the low and high freguency constraints, it

be the optisuwi one.

Sigrial

componants wup bto 1000 He,  the

adaqua

the aodsl order

Theoreticallyvy the model order showld

10 order to o model & proce:

it is o obvious. that discrimination is

with & modael | of intinite order  and  some Cruncatl on 1

£ & test For the validity of the truncation iz to

dting prediction  ereor €y iE witl te

Srother practical te For Boand

AL I &, d4d don®t ohengs considerably with inoresasod

Mooan be consids to be adegual There ia &

given by Akailke for Finding the opbioun

mcdal elatul=la

This criterion is reported in LFDLIT to

o odknLmum Tor model orders less than 20, Sinmce our aim

i

i mocdsldng

ie motion discrimination and 1ot the
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renrocuct il on

the model order of four whioch is

of 40%86 points wers egus

aliminats any offset arising

The EME signals wers analvzed ir

frames were designed to sl

Garmp e that consecalive fram

had &4 =zamples

L Common, ir

ot being completely disjoint. This

2eochueaed aocamaothing efdoct and prevented spurlous loans 1N
¥ f ,

afmelers, The First and last
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40

@ wf the tobtal squared prediction error in
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Table 4.3 Sane AR coefficients for elbow flexion
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