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Abstract

This thesis presents noise canceling in measuring of Surface Electromyography
(SEMG) signal and Somatosensory Evoked Potentials (SEPs) signal by using Neural
Network methods. SEPs and SEMG signals are very important signals for diagnosis
nerve and muscle systems. However, the measurements of these signals usually found
interference from noise signal. In recording SEMG signal, we found 50 Hz noise signal.
in recording SEPs signal, there is Stimulus Artifact signal (SA) which synchronizing with
SEPs. Conventional methods fo reduce these noise signals are using Ensemble Average
or using Digital Filter for reducing-50 Hz signal and using sample and hold circuit for
reducing SA signal. But all of these methods are not suitable because they use a lot
numbers of signai or reduce both unwanted signal and wanted signal.

To improve the results from these problems, we proposed an application of
Neural Networks o act as Adaptive Filter for canceling these unwanted signals without
reducing wanted signal. We applied 2 types of Neural Network; ADALINE network and
Back Propagation algorithm network. For canceling noise signal from SEMG signals, we
used 2 types of Adaptive Filter; Adaptive filter with external reference input and Adaptive
Filter without external reference input and for canceling noise signal from SEPs signal,
we used only Adaptive Filter with external reference input signal.

In the experiment, the simulation and testing with real signals were investigated.

From the simulation in canceling 50 Hz signal from SEMG signal, we found that
both 2 types of Neural Networks can cancel this noise signal. In Adaptive Filter with

external reference signal, ADALINE network and Back Propagation algorithm network



gave signal to noise ratio (S/N) 6.07 dB and 6.17 dB respectively. While in Adaptive
Filter without external reference signal, ADALINE network and Back Propagation
algorithm network gave S/N 7.02 dB and 7.64 dB.

The simulation in canceling SA signal shown that both ADALINE network and
Back Propagation algorithm network could reduce SA signal with 100 % peak reduction.

For canceling 50 Hz signal in measuring SEMG from Biceps, the result indicated
that Adaptive Filter with external reference input could reduce 50 Hz noise signal but
could not cancel harmonic signal. For the measuring signal with amplitude 0.2 Volt,
ADALINE network and Back Propagation algorithm network gave S/N of output signal
8.29 dB and 6.68 dB respectively and for the measuring signal with amplitude 0.1 Volt,
ADALINE network and Back Propagation algorithm network gave S/N of oufput signal
6.24 dB and 5.19 dB.

By using Adaptive Filter without external reference input, the resutt shown that
we could cancel both 50 Hz noise signal and harmonic signal. For the measuring signal
with amplitude 0.2 Volt, ADALINE network and Back Propagation algorithm network
gave S/N of output signal 10.13 dB and 9.94 dB and for the measuring signal with
amplitude 0.1 Voit, ADALINE network and Back Propagation algorithm network gave S/N
of output signal 7.42 dB and 7.44 dB.

Finally, the result from canceling SA signal for measuring SEPs signal, while the
median nerve was stimutated, indicated that percent of peak reduction was 83.66% for

ADALINE network and 83.60% for Back Propagation algorithm network.
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3.) Log-Sigmoid Transfer Function
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wvimdimsneihusogey Wy ngnieBefes Perceptron, ngmisiauftes Widrow-
Hoff, ngnasGuufiuuunsndll (Back Propagation) Wi

2. wnfuaianinlaghisifaen (Unsupervised Learning)

arlfpnudififssndiBunauazianiyaluntsFudnihuinuasdrluds
wiu ngBugmi (nstar Rules), njianvian1¥ (Outstar Rules), npneEeuuLLugiy
(Competitive Learning) 1161

3, uui Reinforcement Learning

&
gy Fudmiminuuuilfaen. sndumsugasdieninn nahe Az
3 £
WAeiwudusunsaviagned TnaAunsavteanefiiaifiudilidasassaninasdlase

g
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3.2.5 mahlasselszamlddszanaldanu
1, NM9PALIANARNNUSLNSELIUNSHEAM NEARIMNTTN 11 Mafuunualiin

aenanualifidy meduunsiaualinmginuasanng sy

2, maudilywRiideyaduauananugnsel ilunsanidoynamsunay
SApTAN

3. eulufunnsandn u nesad @t WiaaRa B UNRRLIILIL

4. madtiadelsannantsuvme 1y msdiladedudugiosvtaluawng dhisi

5. myasziaeazilufunsidu uazninifusdiays Wy nsraeiau
Wl Faeiu '

6. uNeELEINaiUn sl szusRadUNN 1Y nsiSAdTU N TLNIY N1T

apduazansunglan s

3 3 1sznnaadlasetiaftldlunisads
3.3.1 Tase118 ADALINE
Tasadne ADALINE (Adaptive Linear Neural Network) viselasssinafildniseny

& k73 1
8¢ Widrow-Hoff Tntlun1sfaufelintl fdeilTaussousfe Aueduiididessnnanin
#a16 (Least Mean Square Error)

$
nai3enfaaslnsagan ADALINE asnsaagulladail

4 1 uBanrinwiin W), Alusa (o) wazAdRIINsGeus (Q) Gaddliur
Tasunedsram
Audt 2 flaudunm pl Wunlasedn
Fu3 3 AannAaive a(k) 1eslangnelszam
a(k) = f(Wp(k) +b) (3-6)

B 1 = 4 & [73 &
4ud 4 ArNEANAIR e(k) anRasstadayiwaleag k) U i
sastarednaszann ak)
e(k) = (k) —a(k) (3-7)

S5 5 UiuAninmhuasludaseddassinatscamindainaunis
wik +1) = wk) + 2ae(k) p(k) (3-8)
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bk +1) = b(k) + 2ae(k) (3-9)

dudt 6 nauluFenfudiduneud 2 Walaundasldreniyamadifenis

gunnsi 38) uar 3-9) luumausnGondn nOwmaG  UrangnsGEeuiae
Widrow-Hoff Tmmﬂuﬂum?ﬁéﬁé’cyium?ﬂ‘}’u:ﬂhﬁwﬂ'mm:’l.ué'mm Adaptive Filter 344z
nANMTNIEaLIBEATY Adaptive Filter Tuadia 3.4 sali

Py

a= pW,+p,W,+b

p2 b
mMyvilszneu 3-6 finatinesaataseaie ADALINE

3.3.2 TaswdnanldngnisEauguununsnay (Back Propagation)
Tﬂa‘aﬂhﬂ?ffﬁngmsﬁaui’uwénﬁu Wunlnaguasnsmn (Rumelhart) aalAinuguely
1 A 1986 ‘[ﬂ'mi'mﬁ’l%ﬂgm?f‘?ﬂuir’uwéné’uﬁﬁﬁugmmmnngm?&‘ﬂufgﬂm Widrow-
Hoff (lasednel ADALINE) wasiifstidaunuzie Aefuindisasesaniuiianann
(Least Mean Square Error) it dsenavdaslasedie 3 g
1) %’u%uﬂm (Input Layer)
2) %wﬁﬂu {(Hidden Layer)
3) %mﬂ'}ﬁﬁm (Output Layer)
'lum@ﬂﬁu““ﬁa%uﬁﬂummmﬁ‘lﬁmnm"ﬂ%’u
wangn selilazsaduninssineiildngnisduugunsnduili Tassine 8P

3

msGeunfuelazeine BP anunsnagu sl

1 i 3 3 k7 1
aunAdusadlasniarun M 94 Aessupgui 1 Ha M
& = -, g rl; o ] @ e = 174 c: §r L ] [l
AN 1 anuRAwn, Aluda uazArdmsnisFang Susuliunlasanalszam
&
TuuAazdis

& d -y ] 1
2uh 2 teudunn p(k) Wunlassdng
o

e

AU 3 AIANEYIYA a(k) 1aelassdntilszam
Vuﬁ 1 ﬁQM am{—l (k) — fm+l (Wm+lam (k) + bm+1) (3_10)

fmerm=0,1,2, ... M-1
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& =f t = I3 L ot g
AUN 4 WIARMHAANAA e(k) Anuaseawiyatimae (k) f ewiye

snalaretneidseany alk)
e(k) = t{k)—a(k) (3-11)

au 5 unsaala (s) nduHNUlATINY
dugatne  sM (k) = 2FM (n () (k) — a(k)) (3-12)

Fusiely s™(k) = F (™™g (3-13)

¥ v
Tagt F7(n) Aedrayiuduaansudaifaiduluduieuas m = M-1,...,3,2,1

S48 6 Usuaniminuadiusagedlasdnen lssaminiarnaunis
Wik +1) = w" (k) —as" (k)a" " (k)" (3-14)
B (k+1) = b (k) — as™ (k) (3-15)

et m=1,2, ... M

3 ]
=

B d o A‘ o 5 L & I i ]
auf 7 ndullBuvindauddunend 2 ludaundnagldren

b

k74
AVIFBNNNT

=2

Inputs First Layer Second Layer Outputs
( 3

at = f{Wip+b?) al= (Whalth?) a3 = F(Wial+b?)

ndseney 3-7 daettaaslasedne BP



23

L 13 o 2 P s o e ¢ o o
3.3.3 Tﬂ‘a\ﬂ‘ll'lﬂmﬁﬂQﬂ']‘il‘ﬁ'ﬁlugllu‘].lELw‘iﬂ‘aﬂLLﬂUVlNﬂ’l‘iﬂ‘iﬂﬁ’l’ﬂ RMIINITETHU

::? (Variable Learning Rate Back Propagation)
[} A 2 ar = o 1 o 9 = & Ve i e
dulassdneildudnnnsimaoiulasdrefldngmisGaufuuuurdndy  wiaziBsly

[] &
nsufuAgnsnisGeauifnzames tsenatdalasede 3 4u

1) fu8unR (Input Layer)
2) Futau (Hidden Layer)

&
3) duannm (Output Layer)
unsug AeliazreFaniasdefldngmeBaufuninduuuuiifinasyfuddmnsnisFen

4

541 Tmse-dne viBP
n1eGeudaaslasete VLBP anansasgillfiail
A
T m=123, ..., M-1, M

o ?/ t Z’) :’1 = t’/ 1

aunAnduzeslasadeimun M 41 Aasus
8’ A < | g L 1 s 3 or ) &

TR 1 ausdatmn, Arludes, AdnsnisGeud szt (momentum,

v) Gusuliunlassihedszamluudasdu
E o o & A pg A 4 o \ p PR
AU 2 teui 5 ariduneumilowiulasgae HnnsEeuiuuy Back

Propagation nn%umﬂu
suit 6 UsuAmiminuasludavedlassdnenlszamndarnaunag
w7k +1) =w(K)+ y (W (K) - wT (K -1)) - (1- )7 (K)a”" " (k) (3-16)
D7 (k+1) = D7 (k) + p(OT(K) - D7 (k-1)) - (1~ )5 (£) {3-17)

e m=1,2, ... M

Uewguyn p(k) Anasluuninsadae

&
TR 7
& 4 1 [ & 1
U 8 AUIIMANE YR a(k) saudalilaeclasdneseam
Y
Tu1 M @™ k) = S (k) + b (3-18)

e m=12 .. M

5 n[ i = ar ] g ot
AUR 9 WIARNNRANAIR e(k) mum‘lﬂmnnamwmmwvgmﬂwmﬂ t(k) iy

iwwimaslassnelszann a(ORld
e(k) = t(k) — a(k) (3-19)
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& o =t 1 1 ] =y ? & :’/ -=J &8s zr
AU 10 Lﬁﬂﬁlﬂﬂumﬂm?ﬁﬁ‘ﬁﬁqq\?ﬂ']ﬂ'J’lNNﬂWﬂ"lﬂﬂ']ﬂ\iﬁﬂ\ﬂu"ﬂumﬂuﬂ 4 nuTy

] ] b7
aaud 9 Tnafansnunilu 3 Rewlansil

E
= 1 =

= | I = o e -~ = ef & 1 r
nsdA 1. winsauRenataidges Faanduwaiagia) Sedinauenndd
' Iq ' i°/ L. lai e k’4 t et
7% (Anaian\dRe 1-5%) A lmifldarlihinnld wszdrdnsnisGauiasgnen
2 3 = Ad S ! 1 ar ar =1t C
Faadnash p AAweand 1 uazaluuiiazdadiandugud

=

"d 1 = o & g -~ & bl t 1 ’oJ L
NFEN 2. VINATANHHANRIANIRIADT (ﬂﬂ'ﬂ’lﬂﬂﬂﬁfﬂﬂ@tﬂ&l) HATRAAN ATHTWUN

|:wi e e ar 1 % o o 174 t oA | 14 2 1
Tsinlindsrnnnistfuaninutinasgniinanlfans wazArtinsnisGaugasgnauaanii M

i
1 (]

atdNnngnt gaudnTiuuinasiiduvinduanin (reugnufuliilugued)
o | Py - = = ar ey = 3 n' .3 2 3
NN 3. MnAANERNAIANNRIeY (AeanBuvpsapi) fAfinaulenndd
[] 1 3
7% (Fnfinenildie 1-5%) Al lnifldavgnianldeu lraddnsnsGuufuar

Aty lhlasu

b4

& f o -; o :’z |:.’: n} 1 5 ] [ c;
aui 11 ndullFsindusdunend 2 udaundraglddnaninmidiants

Inputs First Layer Second Layer Outputs

al = fi(Wip+bl) a? = f2(W2at+b?) ad = fA(W3a2+b?)

nwiseney 3-8 dnatnsaastasedng VLBP
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o & . . H
3.4 WANNISAUFIUUAY Adaptive Filter wasnmsssgndldlassdradszamiy
Adaptive Fiiter

3.4.1 msmdndniusunaulagld Adaptive Fiter Tila?tldatymansda

AMnNgUan

k%4
[ =

wdnnsfiugauaasntaivdadenansuniulaeld Adaptive Filter

ﬁuumﬁﬁmwmﬁé’m‘lﬁ%ﬂuﬁﬁqzﬁﬂndﬁmmqmﬂguqﬁ (Primary Signal or
Measured Signal; m) Aedynnsagns (Information Signal; s) ﬁﬁﬁmmﬂmmmu
(Noise Signal; n,) thiag doudtyaynnidneda (Reference Signal) Aedaytunaisunau (Noise
Signal; n,) fnnnsulanuauradannalaeaztieauldity Adaptive Fiter eai
dyunaenyiwsaesiaimas (Output Signal, a) Sundiel i aiudunafidald e
SETlAReAdrynneianata (Error Signal; e(t) efiAednmnnitnaansiiinng
NMARATYOUHUIUNILUAD LLa:ﬁﬂm?ﬂﬂuﬁ’rytgftmmﬂuﬁﬂwmmﬁné’u‘lﬁm Adaptive Filter
devnasUfustimin (w) wazenluda (b) 199 Adaptive Filter sanwdsznay 3-9 ch

waasBandnnaslunisld Adaptive Filter lunsiindadeyeyansLinau [Widrow, B., 1985]

Primary Signal Error Signal (e}

. (s+ny) + = System Qulput
Signal 7O\ ystem Oulp
Source T > \E/ j

WSum wab -

Reference Signal

Noise v | > O adaptive Fiter

Source

. . =3 A ~y
nwilsznau 3-9 Adaptive filter Tiaf [ddtynyauddaInnaIuen

filter ouiput
{a)

anuAlddygIM snun, uae a AansniBinnadfbiwlsdunuios (Statistical
Stationary) Teadtyains s TiiAuduius (Uncorrelated) AUSTyeyand n, Uae n, W
Fryryand n, Hanuduiug (Correlated) fudtytunng n,

ﬁ’ryrm:umwﬁmwmm%aﬁﬁﬂﬁ’n&lmqmmﬁwmﬂmimn (System Output ,e) Aa

e={s+n))—a (3-20)
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e=s+(n,—a) (3-21}

anfindagesrisaaddn

e? =5 +2(n, —a)s + (n, —a)’ (3-22)
WIANeREIDIRTY YU

E[e*] = E[s*]+ E(n, —a)* ]+ 2E{s(n, — a)] (3-23)

iasandoynyios s liflaonuduius (Uncorrelated) fudeyaynns n, uas nuazlaldl
auduiusiudynnn a ﬁqﬁumﬂu@mﬁﬂwﬂmums 3-23 audlwindugue uavagls
gunasluddiiiu
Ele*] = E[s*]+ E[(n, —a)*] (3-24)

famslfuAnimiinuszanludases Adaptive filter iafasmiAgaInsdng
gaadnyrnuaniym (Output Power, Ele”]) Tnaarlidwariadiindssesdoynnnsngs
(Signal Power, E[s”]) uazlfiaunsdningaaasainiderasdoyonaiaivmily

Eule’]1=E[s* 1+ E,,[(1, —~ a)*] (3-25)

1 L4
WiananAaiie Adaptive Filter gniliuAntimninuasludaaudnndaresdoynym

s ] 0. A=1| o 1) E 0. H :'
winailAAfigaazin i Avaied Elina)’] dAnanfigaiuies

1 o

kY ]
faAdRansnlddnAeninaes Adaptive Filter (a) Auflupaindasasdngn

et

(Least Square) Tneilszianiinfignaasdtynrnirunait (Noise Signal, ng)

=
waraINANNI 3-21

e=5-tn,—a (3-26)

o
HUAR
e—~s=n,—a (3-27)

Ele~ s = E{my - a)* (3-28)
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1 U

b | 1 I
Aathudiad El(nga)’] Beinigaaainlidnged Elfe-s)] fimmfigasin nanafae

Wunsin e drynnuaeiuBianainsie lviwneesssuy (System Ercor, o) diidsign

1 1
o e

o o : T 1 4
findeaes (Least Square) Fulunslszsnnirniafigrassdyayrminoansisdianis (s)
AL

3.4.2 mamandynusunaulaald Adaptive Filter 1Hindtlallddynuans-
A4nMEUan

nusndadtygyrsunaulagld Adaptive Fitter @linaraunluiada 3.4.1 azifly

nmstlaudygadrdanmevaniiBunaliun Adaptive Filter Felunsdlilanunsn i
o ¢ = o | P PP \
ffawarniuisguauiisesdyyinsunouinnsunon wilivanansaindognmgtn
J 1
#17  (MdudtyyrniBroad Band) gn?umu‘imaf&yzqummuﬁL'ﬂumu (Periodic
Interference) uavlinsutpaudnuurassdyonusunauil viiendnfeliaunsondn
AtyrunmuneBeainnneuan (External Reference Input) tiatlaulifun Adaptive Filter 14
el 0 o e &t &
W nedinenadynnadesdiiialdgenseaesdygnsunauannnisilenasussene
=q 'S = dv gr 1 Ad 1 A :ia
wromsrumaudsy lunsdlidutlisnanunsaldnismbsaifidesam lunsmiseiinefiFn
Wil (fixed delay) 1eedtyaasiinld (Fynnngugld) muhidudygnodedaie
Hlauldun Adaptive Fiter unu Tnadasaanlunmsminananildasildasieaeanaiay
L 1 AJ ] . . 1 ar £ ar
virlidausasdyendaasidiewliur Adaptive Fitter Tifirauduiusiudiynyinlgy
4
Rannitisznett 3-10 waAAia Adaptive Filter 437 L& ynnmudnedsannnne

&

uan Adaptive Filteray Hnsu@nianyivg (a) Wedssunimassdnyoinisunay (n,) uay

i liindeanndyyiidald  wadnsgainenldanszuufedyyinginansivionig

ARARTUUNIIINIWUAY [B.Widrow, 1985]
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Pericdic
Interference (n,)
primary Broad band
Broad band input (m) + output {e)
signal (s) - o TN -
/ Output
Adaptive (a)
» Delay . o ———————
reference Filter
input (i, ) /

Adaptive Noise Canceller

nvilsenay 3-10 Adaptive fitter tind blfiasddygamndreasanniauen

3.5 matszgnildlassinaslsyamilu Adaptive Filter
. ; oo . J
Adaptive Filter lunilszneni 3-9 uaz 3-10 azgnunuifioalassdrenlszamiil

ms&m;?’tmusiwqmuﬁ"lfé’inmquﬂuﬁ’qi’fﬂ 3-3 Tmﬂﬁuﬂmﬁﬂw‘iﬁudim«whaﬁ'az%’cyrgfm.;
Frade TassdhaasinsAwanmanansigauaziniindreiudyoannlgugiagldd
Aoy I UANHEANANA Ltﬂzﬁqﬁ:ycy'1mm'mfimwmmﬁiﬂﬁﬂn%ﬂ%’uﬁﬂﬁwﬁnmmgmi
Baufraudazlanie ﬁmvryqmmmﬁmwmmﬁ‘lﬁﬁmﬂuﬁmrmmmmsﬁﬁmmsﬁﬁ'\
nsMARE Y UIUILNIULAY TneiimeasiBaafanndsynaud 3-11 i 3-14

mwilsznay 3-11 ugastansilazgnalflasadng ADALINE 4 Adaptive Filter
mﬁﬂﬁﬁﬁnwﬂﬂuﬁﬂ&!mmﬁﬁﬁamnmszan dounvilszneud 3-12 uansielnsedng BP
wazlnsetng VLBP ﬁﬂﬁzqnm"ﬁhﬂu Adaptive Filter ThafiRnsTlaudtynouiedeanns
1on

Awilszney 3-13 uamstamsilszgneildlasdng ADALINE tilw Adaptive Filter
siaRlifinnstiendygnndedeainaeuen Laznwilsznand 3-14 uamstalasedne BP
uszlasegog VLBP ﬁﬂszqnmﬂ%ﬁﬂu Adaptive Filter aaflifinstieudygndedeann

NIEUEN



Source

Noise (ny) o] ™ :
Source /\/’E = | filter output

EI 0 tappad detay

igna /2\
Signat /\/"D \/’

Primary Signal
(s+ny} +
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Error Signal ()
= System Qutput

15181 W&b

Reference Signal ' bo

i (a)

mwusenay 3-11 matlszandidlasedte ADALINE i Adaptive Fitter (wuruRdinag

fynynddsannniguen)

Primary Signal

Error Signdl (e}
= System Output

Source

Signal /\/v% (s+ny) + @

Reference Signal

Noise D (n)
Source /—\/' 1

1J511 W&b

filter output
(@)

nwilszney 3-12 matlsyendldlasdne BP wazlasesing VLBP \{lu Adaptive Filter (1

nl:vl s | =
alnas &y aunusdsrnnieuen)



Signal

(s)

Source

Noise
Source

Primary Signal (s+n,}

+
1>
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Error Signal (e)
= System Output

Reference Signal (n)

Y1 Wab

filter output
(a)

o
U

o

mwisynau 3-13 nstszenafldTaredng ADALINE i Adaptive Filter (uuuitadld

Signat
Source

(s)

dyayrnsfinddannnieiuen)

Noise
Source

(o)

+ Primary Signal (s+n,)

Error Signal {e)
= System Qutput

Reference Signal {n)

filtter output
(@)

)

mwilsznay 3-14 matszgnildlasadhe BP uarlasede VLBP il Adaptive Filter (Wuy

Pl yarndreBeannaauan)
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3.6 mawannllsunsufedszyndldlasedneszamilu Adaptive filter

s Tsunsnlun1s34etl axl4lsunsy Matlab Version 5 lunnsissanana
wazldlisunsu Labview Version 5 lunisitaseidey

Tnenstlavgnaildiasinetlszamiu Adaptive Filter azldngnisBaufuasiass
1he annvioda 3.3 mﬂ?zqnm"l%’ﬁwﬁnnmﬁmﬁwm Adaptive Filter luiadia 3.4 azlg
Tatdenmtszney 3-15 B 3-17 Fadhirarimiiuamanisinaneslisunsufi@ens
3 Lﬁﬂﬂszqnm‘iﬁﬂ?\ijﬂ?xmwLf]u Adaptive Filter Lmuﬁ’lfﬁﬁ’mqvmmé"\ﬁqmnmﬂuﬂn
waznwiszney 3-18 B 3-20 Wuldammfugasnsinausedlsunssfid@endy i
Uszenaldlassinailszamiilu Adaptive Filter Ltuuﬁ'bﬁ%’ﬁtya_mm'é’%i%qmﬂmﬂuan

C B )

Y

ilaudnfmila(w)
tuda(b)Gudau

A kearning rate (1)
waraAEnnusau (k)

Yusty primary input {m)
reference Input (n,)

A A

AnnmviAn filter cutput (a)
a = [Wptd)

r

AW efror
e=t-23

4

dudwhwiuasiude
Wy = W+ 2uep

b,y = bt2ap

mumuimmsauﬁﬁmmi

nwtlszney 3-15 Tlatsvinasinenzeslassdre ADALINE lunnstlszenaildiiin

X -
Adaptive Filter tuuilddyqnuddernnanauen



( 3u D

v

flaudrhmiin(w)
Tuds(bhsusiu
&1 learning rate (o)
wasaduIusay (k)

Nailed

Fuein primary input (M)
reference input {n,)

!

AruramndAn filter output (a)
a W= fWDp-+b1)
at? = f(W@a+b@)

I

FatuIdn error
e=t-3%

!

WA sensitivity (s)
5@ = 2F@(N@)(t-al)
st = f(WRa-+b@)

!

udniwtnuastiudsa
Wi, = Wt 2aep
b..; = b+2ap

asuauEuTauidasns
i= k

=1 E23 3 5
wuun&yradndeainnieian
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nwlsznau 3-16 Tasfnisinauseslasdny 8P unnsuszynefldiflu Adaptive Filter
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( G )

Y
flaudaniwTn(W) f Wds(b)
fin learning rate (L)

¢ momentum (¥} Gudiu
#1 Z%, w1n, 61 p kazAEwWIuTa (K)

FuAn Primary input {m)
uar Reference input (n,)

I aruwadn filter output (a) ]

memmm error (g;,) I

[ WA sensitivity (s} l

[ Ysrdnhwiinuasluds |

I\Fhmmmfh filter cutput (qu)J

| At errer (g,,) |

!

AnndAt
condition =({&,,,2-e,7 e, ) x100

hild
Y ¥
Ududniwia Wudnimiln iwsnbmdn
TG RN | wazAT\udE urzATIUSN
Ir=1Ir*n Ir=1Ir Ir = Ir¥p
T ren™ Tog T oo™ Tod M ren= 0

ot

ity

AR RIN T

{=

nwilsznay 3-17 asimnaninauaedasdae viBP Tunsussensldiflu Adaptive

o -
Fitter bR lEfuyIaNBINMME LN
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fauaniviin(W)luda(b)Eudu
@ learning rate (V)

ahatrarlunmsndradaignm
wasArEIuIusay (k)

¥uan primary input (m)
wazvihnsmibariandeyaynel
{lu Reference Input (n)

v

AN filter output (a)
a = {(Wp+5)

!

AN alWiEN error
e=-a

I

ruanivnuasludw
W, = W+ 2oep
b, = b+2op

Tal7ed

ASUANFMIUTaUTidasnnT
i= k

mwlsznay 3-18 agafmnisvineusaslassding ADALINE Tunisdsegnalifiu

, dn A
Adaptive Filter WL il dugodreBeannmienien
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C Gu )
v

flaugnimtn(WytuFa(b)Eudu
#1 learning rate (L)

aatrantunmantedgan
wasAEINIaY (k)

¥uedn primary Input (m})
wasvitamshatiadyqa
(il Reference Input (n)

y

annnuaaAn filter output (a)
a W= f{Wp+bith)
a® = f(Wa+bi?)

!

AUIaMMAN errer
e=t-4%

l

w1 sensitivity {s)
s = 2R n@D)(t-a9)
s = f(wida+b2)

!

Wuanhminuasluds
W, = W+ 20ep
by = bet2op

il

ot

mwilsznau 3-19 amfmsinnuseddassdie BP lumsilszandlidiflu Adaptive Filter

wuu il dyynundeannnieien



( 3 )

{IavATWIA{W) A1 TUaA(b)
1 learning rate ()

sir momentum (f) dndu

et tunsmbediynnl
f1 2%, @n, 1 p wazsrdnuiau (k)

Yudh primary input (m)
uasyhinswmiiorandnign
1fiu Reference Input (n}

'

liﬂ"lu'ammm filker output (a) |

!

I dnnnand error {8y, j

E st sensitivity (s) ]

E dsugnhmdnuasiuss j

Lmu)mmm filter output (@Nﬂ

'
l_mmmmr-h error (em,)j
|

Aad
condition =((g, ., -8, Weg?) X100

o

Y

Y
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Uudanbwila Wudmhwin Witfusniunin
warATIude warAtiuda wardTludE
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F1979 4-2 ArdaiEThane Adaptive Filter 1l4Tasvdnenlszamuiazailn Tnalail¥&nyan

FNBIRINANELAN
Tasedne  Taseaie dmenne doamn 4mau fardon  AwAwn AN ANlRRnTe

s G lunns seulunns Aygroada lumeinda wifleures  acwRa

ax Az wag gdin  Aunusunauw Foynynns 50 ﬁ'ﬂ;ty'umﬁ' WAIALN

gn dneyns (sau) (dB) {Brond 50 @smd  nndadeg
ADALINE 9 0.005 100 300 7.02 324.00 1.04 0.0007
BP (Pr-Pr) 4-4-1 0.008 200 240 7.64 300.28 1.14 0.0013
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VLBP (Pr-Pr)  4-4-1 * 200 280 4.90 85.93 272 0.0018
VLBP (Ts-Pr)  4-2-1 * 200 560 4.90 85.93 272 0.0021
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Tusnuzflasedne BP Allnsudirasitaridindn Prpr azlidmsusaulunisgidngedn

= 0‘ A i L3 i
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4.2 MENRBINTMARFYQYIUTUNIY  Stimulus  Artifact  (SA) panaIndyyie
Somatosensory Evoked Potentials (SEPs)

Tunmasasirzwiimmanenili 3 LUt (Model) fianagauslss@nanw
ndtasrtusteziuy Wadeutusnadygiasunadinmndyd T8 tdiaeng
\in (Small Model) lnaimmunlviqnasn (Peak) 1evdtynins SA HArgendnqneenns
dnyeyned SEPs tfhiduau 2 win, wuudiassuianane (Medium Model) %@ﬁmum‘lﬁam
tanresdtyty1ns SA Hergandiqanensesdtyqane SEPs hidnuau 5 11 uaziuudians
awalugy) (Large Model) ?ﬁq@:ﬁﬁmﬂ@mﬂﬂqﬁmmﬂm SA gin11REanIBddtyty1nd SEPs
(a9 10 1

aunAideyonutihwminsfedungom SEPs daudtynimisuniuRediynn SA
Tﬂﬂﬁmn&nmﬁfﬁ’m%ﬁqLﬂuwmqmmfiwé’mmqmaﬁqﬁunﬂﬁnﬁ’tqumsunqu aegnilatudy
fyandgunilliur Adaptive Filter uasdygyans n, (1) Fufhudyonos sA axsimsiiliiu
Fryeyndnedaiidlewldur Adaptive Filter Tmﬂlunm‘iﬁﬁ’cyzmwumu SA azifludyonn
waaruiudtygandieda (n, 1)

sfimes Adaptive Filter WUdtycu0s SEPs lumsindndtyynousing SA fay
Lﬂumﬁmﬁﬁﬁ’mmmé’wﬁqmnmﬂufanLﬁ'ni’u L‘f’immnﬁ’mmqmmmu sa Whidynnd
Tlddnsnzifluaing (Periodic Signal) Asliansnnl433nisaas Adaptive Filter Wi
ﬁ‘lﬂ‘lﬂ%’é’m;yqmé"mﬁxmnmﬂuﬂnlum?ﬁﬁmﬁ’zyzy'\msumu‘lé’f

ﬁ’:ycmmﬁi’m‘lé’ua:ﬁcycmmé’w%a argnileulunilasadaelssamanasy 150 qn
Tneluurazanaasdynn Thsededssamiinuinfiilu Adaptive Filter asvinnnsilfis
ﬁmﬁnm:r—iﬂué’ﬂnnﬂg’qw%’ﬂuﬁqmmﬁﬂﬁrgrgqmmﬁﬂmmqszznn

aum?ﬁ’l%‘lumﬁﬂamﬁrucmm SEPs [Parsa,Vijay, Parker,Philip A. and Scott,
Robert., 1995 : 803 -804] /= aunnsh 4-5 Tunnsdnassdynn

sn) = KnT2 — nle ~T (4-5)

Iag K Aear1Tum (Scale Factor)
T Aesmsnisgusianting (Sampling Period)

C ARAULLAIRY (Bandwidth Constant)
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aunanildluniesnaesdtyins Stimulus Artifact [Parsa, Vijay and Parker, Philip

A., 1998 : 165-179.] azlfaunnsh 4-6 Tunnsanaesdynyne

0 forn=20
Hn) = -0 -1 (4-6)

10
€ forn=1,2,3,...

d’ dl = J 1 = ¢ o grad [
wefasRansurdnlarderialagrunsanidrdygrusunauldfnidtiu a

= A BN 4='{’
wm&mﬁmnmﬂﬂmmﬂiﬂu

1.) AntlafiFudmeanasuasqnaan (Percent of Peak Reduction)
dhuAradwesAeantedyy undnldtuAeensasdtyyiaieyivn  udati
& lv o 1 CJ & ° 1
wnfsunlefiduiiudyguidald  (Whwniasentadymyinidaldduimumising

§9) Auentldangunng

percent of peak reduction = (%) x 100 (4-7}

"

o
fne P, AeANgeTesaeansadoyyndals
< & ‘Jo ¢ =l LT
P, AnALgIIRsdy IR Ra UL P
Tunasfiansun Sradefifudnisaassseatenidigeusnsdtaunsanidn

&eyeynousunas SA AR

2.) AansINIsanarasAnLLsilsauaasdyqns (Variance Reduction)

Auandlfanaunag
2

o
Variance reduction = ”‘2 (4-8)
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M54 4-3 Andaiadnaes Adaptive Filter #ldTasetnslseausiaziiszinn (LHURRDITUIALEN)

Tassdng  Tassafe  AdmensBeuwdn Aulesifusinisan AdRsnsanas

fmnzay WHzaN aueyReRn BRI
ADALINE tap=9 0.0003 100.00 6.02
BP (Pr-Pr) 2-10-1 0.0002 100.00 6.01
BP (Ts-Pr} 2-10-1 0.001 92.40 5.89
VLBP (Pr-Pr) 2-10-1 * 94.40 2.46
VLBP (Ts-Pr) 2-10-1 * 107.60 1.65
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4 1
A9 4-4 AT AEes Adaptive Fitter 14 Tasethalszamusiassiin (LWWURIRBITUIANATN)

faggdng Tassgd  dArdmsnaBenin Anlefidudinisen  AdrenITanal

Amnza IMHTEN AMTBRALIAN  TBIANHLLITITIY
ADALINE Tap=9 0.0001 100.00 24.55
BP (Pr-Pr} 2-10-1 0.0001 100.00 24.52
BP (Ts-Pr) 2-10-1 0.0015 71.13 13.05
VLBP (Pr-Pr) 2-10-1 * 94,43 10.11
VLBP (Ts-Pr) 2-10-1 * 85.09 6.72
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R34 4-5 AdaiiEdnene Adaptive Filter Nidlassinenlssamusiazaila (Wudiassawning))

L] 1 a9’ ‘; ¥ & I ar
Tagetne Tamg¥e  Andmens@auin Avdefiduinisen  AvdRmnnIanas
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