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ABSTRACT

This thesis presents new algorithms for adaptive IIR notch filter using variable step-size algorithm.
This application is used for frequency estimation in background noise such as Gaussian noise or
impulse noise. The objectives are enhance the performance of adaptive IIR notch filter, fast
convergence speed, low mean square error (MSE). Moreover, to increase the processing speed and
obtains optimal filter coefficients, the combination of genetic algorithms and variable step-size
techniques are used. By this technique, the proposed algorithm gives good performance, such as fast
convergence speed, noise robustness, and low MSE. From the experiment results show that the
proposed adaptive IIR notch filter can used to eliminating 50 Hz power line interference, which induce

to disturb the signal of electrocardiogram (ECG) of patient while the physician is recording it.
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82]5'(,\,'[“l Lx[n, 1)
Oxln 10x[n, ]

Sxln ) x[n, D= (2.11)

F
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& 4 ‘ @ < Y o . .
ﬂduumﬂﬁlums Distribution UUY V. a8 ﬂ"t]:‘lﬂtﬂu k-th order multivariate

distribution L’lcj'u
F(x[nI ],,wc[n2 Lexln )= Prob(X([n ] < ):[HI s X[.vzk 1= x[nk D (2.12)
VnauMI 2.12) 12 1daums par iy

azF()c[nI ],...,x[n‘_ )
a\'[nl ]...ax[n&]

Sl s xln, D= (2.13)
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Ensemble average = x,[,]1* Prob (x, [#])
+ x,[n,]* Prob(x,[n])
T e

+ x,[n,]+ Prob (x, [n]) (2.15)
2.2.3 AINA14 (mean value) Sdeimualumsmadudsguraien
Hin]= Ei{x[n]} (2.16)

Taof Etx[n) 1HuAURTY Ensemble 130 A1A1ANII (Expected value) o

oo

E{x[nl} = Ix[n]f(x[n])dx[n] (2.17)

-0

Taufi f(x[n]) @ Pdf A1 Mean fdo5unBneg1a First moment LALITAINITOUEUA

Mean °lu§, 1Ju09 Relative frequency i

N

1
M) = lim —ZX,.[H] (2.18)

N—0 N
i=1

E& 1 ‘i 1 ﬂ‘} 1 1 a’
249¢12unuAIRay Ensemble 14 e laoiialy vn Pdf voe x(n) lafu Pdf ve x[m]

Aaglan
/J[n]#ﬂ[m] N nFEm (2.19)

ar o . d: 1 Y o gd
§nse Expectation Miauls aunsaaqyladsiine

. [~ =
D anuilugadu

E{ax[n]+ bylml} = aE{x[n] b bES ylm]} (2.20)
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i) anuiludassaonuy
E{x[n]y[m]} # E{x[n]}- E{ylm]} (2.21)
wa Y J 1 ow @ d:l g o a 1 u.r
AMUTUUAVOUILIMINUNABIND x[2] uag vim] Twiludaszaony

iii) 110 ylnl= g(x[n]) uag Pdf 499 x[n] 15l Fx[n]) WAREEINITON E{y[nl} Iﬂaﬁ

1 ¥
PAf NADIMINIIUTALS £l 91197 22 181

(8]

E{ylnl}= Ig(X[n])'f(x[n])dr[n] (2.22)
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4 o ) w LYY ]
2.2.4 MANUNSINUT (Correlation) 1 UAIVBNANUMTOUVDS 7.V, 2 67 Ses20819]L

c; Qs 1 A = ei é'l ar s qs:
U 2.8 dwlsquioesdane xlnl uaz xlm)  anufeutisItuvesds gy

W

asneuIdeylugilues

r(m,n) = E{x[m]- x[n]} (2:23)

* X[n]
-rw"'f’/
l
) m
3U# 2.18 Awlsquanasia
W50
rim,n)= J- jx[m]x[n]f():[m},x[n])dx[m]dx[n] (2.24)
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Lmﬂugﬂmm Relative frequency 12189
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r(m,n)= lim {—Zx,. [m],x, [H]} (2.25)

AN 1 =m azld
r(m,n)= E{x2 [n]} (2.26)

& & 1 o w A 9 = @ - @
Fuummaes vie wasnumavvesdannula 9 aunish (2.23-2.26) Taoiialdey

thﬂ’h Autocorrelation
1 1 .
2.2.5 MAul51/59159% (Covariance)
! : o )
f11 Covariance MHUUA IAAIUANNT

c(m,n) = E{(x[m]— L{m]Nx[n]— Ln)} (2.27)

& pln= pim) =0 92189 Covariance 3&TAWMINY Autocorrelation MINETUMIT (2.27)

Y

12 1an

o« o

c(m,n)= J. J(x[m]—/.l[m])(x[n]'—ﬂ[f:])f(x[m],x[n])flx[m]dx[n]
= Elx[m]x[n]}— ten] ti[m] (2.28)

VINFUMITA (2.27) AN m=n udl9z1dn

c(n,n)= E{(x[n]— Mln))’}
=q, (2.29)

VINTUNITN (2.29) 5871 MA1UUYTY5IU W30 Variance 171199 Az naumMIn (2.29)

J . 9 o ::?
LAINITONIAT Variance IRl

of=ﬁﬂﬂ—ymwfmm

= E{x [n]}—(E{x[n]})’ (2.30)

47663
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TunIgiveInTzUIMMISGUIUY Gaussian 92 1491
o =1 (2.31)

2.2.6 anuiudase (Independence)

M3 tx, [0 uae tx, [} Wudaszaesufinedie
Sx [ndox, (2D = f(x,[nD)* f(x,[n]) (2.32)
wag

Etx, [nl,x,[n]} = Etx [n]}- Eix, [n]} (2.33)

¥y 21 A

x,[n] way x,[n] mﬂuﬁ’aﬁym x[n] @warnla AReule x [n] = x,[m] uag x,[n]=

x[m+n] MNANNSN (2.28) MINNEa1IN x[m] wag x0n] Wudaseaonuudies e
c(m,n) = E{x[m]x[n]} — L[n] d[m] =0 (2.34)

A A w & daA @ . g 14 v o A
nionapnduninne Mulsguiiaesliineaiusiu (Uncorrelated) agilide
Independent samples 9% Uncorrelated samples 21992 1) Independent winiu Ty Gaussian

distribution

Ed
2.2.7 Orthogonality 110 x[m] 1ag x[n] U Uncorrelated AU 18z L4 = 0 92na19337u

3 1
Aaminiu dydnuainld fe L uSomoulumenves £ 12184
Ef{x[m]-x[n]} =0 (2.35)
2.2.8 Stationarity

ANUHIIENUNATT IV Stationary Ain A1 £ (x[n]) zdpaTAuNIAY fmsunn 9

i A ad A a A 2 . ) = = Y
ANUDY 7 NIDILUFDLIUNDNYDH LI Strictly Stationary ﬁJZﬁuﬂﬁﬂﬂlﬂulﬂUﬁNﬂjiqﬂ'ﬂ
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Sxln +n 1x[n, +n1,...x[n, +n,1) = f(x[n L,..x[n.]) (2.36)
] a wa [ ] = s ns: = Y o = =
oo T lumedfides lineodl Strict stationarity feulsaadesmunaaundedivans

H e 2 n 1 ::’ = y Vilg "
AN Mean Uag Variance ¥ 1" uaz 2™ moments Wiy uaziSun¥olniidn Wide-Sense

. o [ £ g = wa w1 y
Stationary ¥3® WSS d 35U x[n] Fuilu wss veilamauiAsasie il fe

E{x[m]} = E{x[n]}= U (2.37)
iU x[n) 151U Gaussian 921831 1 =0
i)
r(m)=E{x[n] x[n+m]} . (2.38)
q‘ 1 L] 3 1 e L] Ll 3 Qs ﬁﬂ'
MINAUNSA (2.38) LAAIIIAT Autocorrelation 9LUUBGAUAIVOY m WiNTU FHagiii 2.19

PR . o A " w 0 o
92 1891 Autocorrelation Y89 x[n] Ay x[n+m] UAUNINY Autocorrelation VO x[n] Ay

x[n, + m]

A Xn]

i £ {“'3\\ i
7 — "

— 7P —p -— T
x[7]  x[mtr] x[%] x[r t+m]

gﬂﬁ 2.19 9FUIWANUHLIUUBY Autocorrelation

o o d
2.2.9 mmtmwuﬁsmu"lﬁ (Cross-correlation)

Cross-correlation 311 01UAUANNTT ﬁi)

r,(m)= Eix[nlyln+mly =r_[—m] (2.39)
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T
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A
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unknow
system dlx]
-i.
1 EIEd
o] EPTOT
= Ale]
Hr] = 2hlieln-k]
i

U7 221 vaen laezunsuveagilii 2.20
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s 0ARYISIwadoa ldnena1581999 [7] uaziled91n Cormelation as Covariance
a ) v o 1 @ w = [ q’j Y]
wosnNNAUTuE U nINdyMaesdyy e Taoh  Siduanaisreuiiudu
v

= o L) . . o [
ReINULA92 1A Autocorrelation 1AS Autocovariance HALAIFUAIUTAABILIDINAUALLHN

o o

1] . . & ey
uaaeelé Cross-correlation L11¥ Cross-covariance Y481413 ﬂﬁ‘;;ﬂllﬁﬂx‘}ﬂﬁﬂ
ara o 1 1 wa o . [
auuANdyanauvvguniguauifiy Satonary desdyqiufio xln  uaz vin
WAIWIIONIN Autocorrelation, Autocovariance, Cross-correlation IL8% Cross-covariance 94

o ar 9 @ dyd
aumsmudiny laaeil fie

r (m)= E{x[n]x[n~+m]} (2.41)
¢, (m) = E{x[n]= L Yxln+m]— H O} (2.42)
r_(m)= E{x[n)x[n+m]} (2.43)
¢, (m)=E{x(n]= H Yxln+ml— L)} (2.44)

d'l = ! ar - ¢§ = wad’ 1]
wo Hoouaz M ADAT mean YOIAYYIN x[2] waz ylr] mwmay FlguaNIANU

s dyd!
auledail Ao

e (m)= r_(m)— ﬂ: (2.45)
¢ (m)=r (m)=H (2.46)

VINTUMTN (2.45) wag (2.46) 81 A, =0 923111 Correlation 1192 Covariance AT

i)
r (0)=E{x"[al} (M1 ﬁﬁmmm?ﬁ) (2.47)
c (=0 (2.48)
iii)
r Am)=r_(—m) (2.49)
¢ (m=c_(—m) (2.50)
r m)=r,_(—m) (2.51)

. (m)= e (—m) (2.52)
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iv) ™ vl =xln—n1 udezld
r (m)=r_(m) (2.53a)
e (m=c_(m) (2.53b)

v) dmsunszuaumsgulan e m—>c0 udrnzihddunlsquiins Uncorrelated i

Y ar 3 3/

Yosunaaivee 1a
lim r_ (m)=(E{x[n]})’ Z/J (2.54)
m—>00
lim ¢_(m)=0 (2.55)
—>c0
lim r (m)= MU U (2.56a)
m=»00
lim ¢ _(m)=0 (2.56b)
m=—>»0

s ﬂ'.d r To w ¥ o
2.3 maunudgananindsnubisiamemilnasu [8]
udeg liawnsadhimisulas z (z-transform) Audyanaiiingsauliife (nfinite-

a ¥y A o [ 1 A w (=] . R ' =1
Energy Signals) diioenndaanunsnaniianyas 1uiluseny (Aperiodic) aehalsfinu

1Y

y o a dy o = o i " A - w ~{
ity Iniianii1 Autorcorrelation 1A% 1 Autocovariance 1 vz iidnumzitlusioniy
= o ° s o . o s
ety Juihldemnse duensulas z wazmasudasyiSes (Fourier Transform) w1 19dmsy

1 ¥V ¥V
mmnasuvesdyanuninasa liswamarild msunudaanaumaridemlnaiy

ANuHAYIINAeMIBTUIEANNFURUT TNy uBUNaLAs Ty M ANAYDITZ U

(7] q

o

= £ 1 =1 d'n cid ar o w
aduluulsamunal nie LT iedyanaiindsau lisiia

2.3.1 Mmsudas Z ved Correlation 1@z Covariance
Mstmua v R (2),C (2),R (2) way C (2) Aonsulas Z ves r.(m),c (m),r (m)
0 w P 3 ar A asorod
wag ¢ (m) §u|1ay MNANNITN (2.54) Lo (2.56) i ldnuini maulas z il

P4 "o 5 4 wad
Aol =0 1My Faaziinln R (2)=C (2) uay R (2)=C () 9qupnauUanuITy

X

3

lagaii
i)

. 1 _
G: — J‘Cﬂ(z)z 'z (2.57)
274

close

1o Closed ifuidumatlaluuToui C.(z) @:Li’h (Region of Convergence : ROC)
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i)
C. 2= 0tz (2.58a)

€ ley=i {idd) (2.58b)

aumsh (2.58) 185 Tagasennnsuilas Z aumsh (2.49) - (2.52) 1ag ROC vad C_(2)

' E
vty lamudeulugsd Ao

1
a<lz <-

a

e 0<a<l 183010 C_(2)—>0 e m—>© ROC vzdvsagnolulenaumiia
i Tunsdli ¢ () Wuisdduuuuirmdin (ational function) Yeedamls z 1o Twa

uazd1sves €, (2) szifiaiilug Complex conjugate f1 fauaaslugalii 2.23

z-plane

Unit

tircle

O

519 2.22 ROC wazdwmua Iwauaza 159 1Annnsuas 2 ves C_(2)

2.3.2 anlpdumasanu

4 T ] é ' o = lﬂ' '
119991071 ROC vzagmululenauniianiae wihlveawsalouaunisi 2.57) T

9

1daatl

n

1
7, = _[Pm-(a))da’ (2.59)
27T

=T
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Taen

@

P(W)=C (e) (2.60)

¥ ¥
LY

A ) ' . 24 oA ! =) o a4 o @ =
e A =0 9158071 variance WINDA mean-square 1390 MANTHURAUUUIDY ANUUH WUN
o @ <3| @ v o w o [
Moty P (@) dwmiy —7<o<r wwdudadiulamasiusideumnisvosduan

o o

' = s a o 1 o A [~ I~ o v o w
LAZITUIALINY MIBUTNTA P (@) anparuanudnis niziludadiulaenseiuiias
= o ) 40 9 e <2 A ' o
NURDIVBITYYIUADATNANUDUUA MnmaRaTies 950 P (@) Neadnasuni
MUMUUMANIY (power density spectrum) H30i30n80 7 11 MUnASY (spectrum) W1
o J 1 o o .
aunsafammaNunIuiNmasnu ldnnmsulaaySeS 993 Autoconelation  13®

z ! [ £ ' =1 Yo Y o § y
Autocovariance 98191aBE 1N a1 lsNaums 193t ldoinde 4 #o0 iflesain
1 4 ]

r m) = 47 o m—> o0 Tunsdiudl wsdenldaumsi 2.61) mldumu 2.60) Mnga
wa g o 9/ . = [3 Y ' <
auiiade i) Turiadensui/as Z ves Correlation 1Az Covariance i l¥nsw P (@) iy

o as == a da 1 o w T
HanFumaumas A P (@)=P_(—®) nagdidunnuasena anumumuiasauly
a1 '

LRI ATTTTIITEI

T eadortuszauisaiinm aumuiusssounuy T3 188 ao

P @)=C () (2.61)
Tuhuesfenu

P (@)=P (—®) (2.62)

2.2.3 HARBUAURIVBITTVUIFUTUADT Y UGN
= d o =) ) a o dc
WUy LTI dadianuadosnm Iwansuauesussszuudodyanaduiadily
Y 24 o w o a < a | = wa o 9
hln) uagl¥ x[n Ao dwvvesdyguduna Wudyapunuudy Saumiady wss uda

as o Qs
2 1A Y IO IANAYDITZUY LTI A9aums As

ylnl= Zh[n—'k]x[k]: Z!z[k]x[n-—k] (2.63)

k=—c0

a o

Qs Yy 1 - o @ s
Ay uduyA1911uA 1dAI8A1 Mean 7D H. wazandu Autocorrelation r (m) 10

o o q

¥
[ =

=T P o B 9 o o o o
veuaaelimiug Wodyanadunwaily Stationary 1137 dyanseana  vinl  Nazily

o o q
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s

é o 1 aa 0 =
Stationary ~ #98  Fanzamsaiimua lddenmeadarudedudyanatuws  lums

o

[

d
WIUDUNA LAz Ty I

g g

o' 1 = | o a o
ﬂs:qﬂﬂcl‘ffmuwmﬂ 9 Emmwmwmtﬁ'aﬁ%:ﬂmuﬁﬂmaﬂymmmﬁm

5]

L ' § i ' 1 1 ' . . ;
1DIANA lumeonvssnundoeiaig 9 WU AIMean, A1Variance (LD Autocorrelation Fa0Y

t4
r=1

¥
@ v o [ =Y o s
AIWITOMIANVAVNUTIEH NS I aaea1daq

o 1 s o
Amualial mean vosdaraeanaiiu

M =E{ynl= ZI:{A—]E{.\‘[H —k]} (2.64)

k=—00

=4 ih[k]

k=—00

=Y { 1 " Qr ' W U @ o
INANNITINNMMANIVBIHALIN ST UNALINVDIAINIANIT Tumenveafandy
52Uy e lddaaums

o

Ho=HE" U (2.65)

=

{ a 3 ; o o [ o
VINANMSN (2.65) iWussaiaiimse wanadunaily stationary Se I dyaeA

<y
WanINAW
' a o o = w ) @ o "
G]?Jll'lj‘ﬂgﬁllﬂﬁ'r]'l ﬂtgty'lmmwwgﬂmﬂymmﬁu Nonstationary BINT1IETIWITOMHUAA

4

d v o as
#4791 Autocorrelation ﬂimﬁiytymmmwm"[ﬁmﬁuﬂﬁ fio

a

r (n,n+m)=E{y[nlyln+ m)}

=F Z Zh[k]h[j]x[n—k]x[n-l-m—j]

k=—00,=—c0

= z:’x[k]Ziz[j]E{x{n—k]x[n“i-m—j]} (2.66)

A a ol < g a 1
1HRININANNAT x[n] 11U Stationary 183 Etxln— klxln+m— 1} 22AUAUANWLANAI

¥
YOS mthk— AU

r. (nyn+m)= Zh[k] Z I'z[j].v“r_\'[m +k—jl= ke [1m] (2.67)

k=—c0 j=—0
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o o ar . o o < é‘ @ 1 "
uuﬁﬂ Wandu Autocorrelation VOITYYIULDIAWANISTUNUAIANUANNUDIUIAN m ﬁ"]ﬁl

q
¥ i1
w

' o (Y a8 wa o = <
auagyl1dn dwmSvszoulguaniadiy LT Srdyapasunady stationary uda 14

@ 4 . 9/
fUﬂJUWmL’E‘J‘IGIWGI!.ﬂu stationary 9139

q

wny 1= —k asluaumsh 2.67) udrezaunsamoulny ldasaunms fe

r_[m—1] Zh[k]h[! + k]

—00 k=—00

NgE

r., (m)=

rlm =1l (2.68)

Il
. MS

g

d‘i o 9
Wommuali

o0
VU= ) HRTHE + 4] (2.69)
k=—00
AuMIN (2.69) Fonn Aperiodic autocorrelation sequence N30i3unNY 9 N autocorrelation 7
a Y = g s vy A o @
39107 auMsi (2.69) NAe myaou lgdunuy ludeioamanaives sl fu Al—n 1y
193

auuAd L, =0 msuilas Z aunish (2.68) waz aunsh (2.69) vz 1A

R (2)=V(2)R (2)

=H(z)H(z )R_(2) (2.70)
Tumevvosanunuiuma I 1dn
P =HE'") P (@) 2.71)

] F
AUNAT A, =0 uaznnauIn (2.69), 4, = 0milouiu aaiuez1dn

m

1
rrr(o) - J.Pu(a))da) (272)

-

o o = i a
= MONURDYTINNIDIANR

unuaunIh 2.71) asluaumsn (2.72) a2 14
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e

1
r o=— [’ )fp (@)@ 2.73)
T

=T

= 0 L7 1 a w c; a:i 1
auudan ') Wudnsewnvuourimlugaund Auaaslugin 2.23 vininsun

= 7 o 1o ::,
r () uilandugagiy

P (@)=P (—@) (2.74)

|
—27

-0, -0, @,

i 2.23 waﬂfmﬁummammﬁmmﬁaﬂswmmmm«hﬂu@wuﬂﬁ
o = o jw 2 o o ar 1 ar [ : 91
wazluvhueuReaiu |H(e )| Aftuiladdug Iudunls @ datuezldn

o w - a
r (0)  =MaunauoIAne (2.75)

w,

1
P (@)d®

@
"

T

£ e
w oA

wununawld P (@) szvin @ f4 @, wawsalduny Masaumaoves

[

dayauduns Turrennudnilaiues

2.4 a3
dy 9 U = ql.dy 1 () A < a
Tuynildnandmgugiugwvesnszuirumsguuun lidoiiosmanar laoisuain
m3nan 9 lddedudusdy waznszuaumsdunatd fagihmshizesuioinm
¥
va 1 1 dw o . 5 5 s .
auiffvesnszuaumsguldediauysaniuinduszdoms1u Joint diswibution 30 Density

1 a a 1 ’ '
function 8813 15AMw szasoeButonszuIumIguldfie A1 Mean, A1 Variance 1az
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Autocorrelation Iﬂﬂﬂ’l‘ﬂ‘%’mm‘ﬁimmu Ensemble WU Density function 1 mmfu'lé’fﬂdnﬁa
nszUIUMsGUiTauIRTiu Stationary HAZLUD Wide-Sense Stationary (WSS) Fawud1 a1
Mean ﬁumﬂs::mumsffnf:ﬂxﬁfhmﬁ"lﬂﬁuﬁ'unm weneNiiAT  Autocorrelation
Etxlnlxln+ml} axiufufianmuuand19ne m atdu 7 fewvzauud ldd aszuIumIdy
uilgamuidy wss 18 Tuneflymiinnusuiuszdoamsuar 17 (Mean, Variance)
uag 2" (Correlation, Covariance) order ¥o4nszumMsay Fuilu 'yl 1dfaensrwdramith
18 fnduinihuezdealdisnsssnaires Siidasfureunuie Tasldmsmdonyy
Ensemble 1oz Aunienana lunsdfinunasiaouriiy ﬂzﬁﬂﬂﬂszmumsdu*tfu’juﬂu
Ergodic
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Usuameadandrnadnsunilian ldnandaluuniine anaiusideny Fadunmsea
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o a w o vd a y £ a0 Any v @
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luunil szidlunqugideslddmsumsin malssuamadyanauuvesual i
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aInsauvaztalnw

Fansesnnufuunesuaiiv (Adaptive filtering) IdisunSumumidluegiannluay
UszuranadugIuATADa LAZIZUUNITAIVAY f?qf:mswmmsnﬂ%unﬂ%ﬂuﬂmﬁﬂymz Y04
fansesliaenndesiudayaaiidu 18desies fansesnnuduuvesualin i 1didy
q09wiia [9] Ao §INTBINWAUVY Finite Impulse Response (FIR filter) 1tazdIn509a7103
1YY Infinite Impulse Response (IIR filter) ﬁ"mimmmﬁuun FIR 1;'?14 HarFusolou
(Transfer function) EUMWIEH]T (Zero) TuliTwa (Pole) WMIWszvvTiANUEBINIWDE
uduen  uaziinamevauesmanlaidhuFady (Linear phase) uaiidoideno doaldsuiu
FuAU (Order) gadsazilddansoaman1da daudansesnamanuy IR ¥y HedFudo
Touszalszneudae 1§ 15uas Tna ildidymmadmatiosnm uddhiinmseonuuuiia
i liTlymdenaitoeas nielhifaduias fedvesiansosnamanuy IR dodtvufuiy
FIR #io figanhueamsian (Performance) 1M #3ns89AMUENUY TR 921451100

o

s 1 ¢§ o o J é - o dy =1 o s
suduriosnh Fuhldnmsdmnandooniidi Fsanududeulumsdnnui Tanudiy
y o w a — a % S L a o w

i aInIeen 1w 11U 1491uMna1959 (Real time) d20'luTns Uswawns Feidasina
o _ o o ar ‘; 1 o [] 1 o

MU uie uazanus lumsiaudinsenua RIS NIRRT BRI 22

Y
6 o o o < 1 a =Y s o @
1 luTas llswawesianudesas  wazvha1ldGan  ludneniinusaiiudl lavueda
c{ 9y o q’: df c:{ 9 1 | 9/ 1 ] ,:1'

AspenNUIULY IR 111d dafudiemne: 1dna1nae 1y a2 ldnarimmwizdinseennuduuy
Vv '

IR (1115 @IUAINTBIANUALUY FIR a111509 IM91nones91994 [10-13] msifenldau

¥
3¥M919 FIR uazuuy IR awnsoasgd 1 [14] dsde lliide

. aq ¥ v 2 ¥ L. ¢
1) mi‘ﬂ3:qﬂmhmumqmuﬂﬁﬁaﬁmmu"a (data transmission) NWMMITUWNY  LAZNIT
9 o 9 s aa [~ a
ﬂszmawaﬁiyiymmw ‘i]"Il‘ﬂ‘LJWBﬂ%ﬂ?ﬂiﬂ\‘1ﬂ'J']iJB‘VIGlﬁ’Nﬁﬂ'El‘!Jﬁ‘lJENT’]"NL'V‘IﬁtﬂHL‘NLﬁJH

A99U FIR 9$IHUSAUN MUY TIR

H =y 4 o s o =) 3 o r _ cl( L")
i) Awmsums lFnunnaniaddediinsdidesiuinidain - msmuandulsednsven
o 2 o a z ¥ g 5 ::iy
N7999ABININITIAAY (round-off) 1931 191AA round-off noise UUHI round-off noise 1

= -3 9 1 dr =) dg‘
ETRLETA TN, FIR uaummmmu“lu IR

ool ) o

¥
i) lunsainlanudesmsnnudulugiuoungn  (cutoff) gaiu FIR  vzdesldson

dulse@nsuinnan IR
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. by g ¥ o a 1
iv) IIR ﬁ"lﬂﬂ‘iﬂﬂﬂﬂLLUU‘lﬂIﬂUﬂiﬂ‘il']ﬂﬂ')ﬂ‘iﬂﬁﬁ‘LILLll‘UG[‘L!ﬂ'Jﬂ‘ii’Nﬂ'TliJml‘U'Uuﬂugﬁﬂﬂu@'] FIR

v lila

Y H w 1 ] = 4 1
v) AINTBIAUALUD FIR edansizh laneudrsendmn luldneuiunes (CAD) 1l

N138DNLUY

3 P T =] o @ 9/ 3 o a:iy

nntiaruannauweszagliiluuuamedmiuns g I
] g A A 3 a ' & Vo
- wld IR Adedielununiianudesmsanusulusiwengags d 1Rl
4 T
Fuilszaniioundi FIR
Mo a o [ { a

- wly FIR dwudulsedans Wunawdulld Teemwizdmiuauidesnsanuia

Ed v
L“WU‘LI‘V]NL‘VJﬁﬁBU%SMN'];‘JﬁHﬂUNUQ

4
3.1 AINIVINNNDNUD IR (IR filters)
u ﬂi’ 1 c; o o W é L]
fanseennuduuy IR Wudmilseaouidaysuniislussuumsidszuananuy lide
1199M191987 (Discrete-time processing) UV0ANANE 9 YofiMilona1§Ins0INTDULY FIR Tag
MWITOONGS AIUNANBUAUDINWVUIA U elianudesnisianuniavesdennud
UOUKIY (pass band) ©50 B2DUAMNA Lk (stop band) HuwauavLn 9 nSedoans e

: o L. a A a ¥ Yt © o
'Tf'gﬁllﬂﬂlﬂﬁﬂu (transition band) NAALNIN % 'r'ﬁﬂnﬂ31ﬂﬂﬂ~3ﬂ1'§1wuﬂﬂ'§'1ﬂ']5aﬂ7]auﬂqq

[l
= o

AINTDIANUDUVY TR tuznaziin 15uunnInuy FIR
Y P = @ o A g d ar @ =
AMNTONNUDUUY TR aliaumsvesdyanauoanaiiuilanduvesdaanmusuns

Y a @ o = o 3 =) @
iy sunaluefauazdyanouernya lusfna (dyroserdnaluedn ldainasiloundu)

Y
=

Faenmsnidouldey lugiauniswadia (Difference equation) 1dda
yim==ayln=N—a,y(n—=2)—..—a,y(n—N)+b x(n)+bx(n—1)+..+b x(n—M) (3.1)

4 o s a o o Qs 3 o
1o x(n) AOMIAVVRITYIUBUNA LAY y(n) AodIAUUBIdRNIIEIAYA N ABd Iy
a T 3 LY o d. 1 q' o
A20819 (Samples) YNHUAVRITY QI IANAINI WA dumsh (3.1) ensori 119 lums
o 7] o 1 @ 9 o s 4 1 9/ 9
Aamdyaaeianane 9 nullla sUsvvvesmsieIdyy e IANAnoun TN 19
) @ o @ o o 1 = ' J : o @
dmsuinnumdyanoennaiine lziSonn SnesaW (Recursive) Taeiia 1y danseq
- o = = o LY o 9 ' = W : -:aw
ANUNLUD IR wazansasnnuanuusmesan tnaziihwlsluanunineeirudernunai
[ v ¥
W5 znaumsn (3.1) annsoni i idadednsesnnudnigesuuldmidousy 8191 IR

w  d

VUL DVBINABUAUBIDUWAT (Impulse response) V8IAINTBIANLE Tuvaizid
1 4 b

T Siwesan wwnuwdadansesnnudianadeiuediels #anTeeRNUBLLY FIR 92e10150
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o - @ oW P
adlugduvvvessimosd Tddeluvnzi@earudinsosnnuduuy IR Avzanansadialy
o Y
sUuuUUeUTIARIEW (Nonrecursive) lAmilounu
P a o a P Y v S A o
WeANNTZANISTLNmINTBRNUILLLTINBs IR IenuHenFunwTon  nSeflandu

. o a =¥=1
Y52V (System function) Wean¥uveeszuunnemsulal z (z-transform) VYOINAANDUTUDI

.
a @ @ =

v
o o 1 [ s
duNadvesdInTeanNud Tasinduvesssuutiozeylugiiruaiu (Rational function) 117

- i =1 o o =1
wls 27 szuuauaunsi 3.1) sgiieanFuvesszuudu lUamugunis fe

—k
Sh

k=0

N
) —t
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E |

k=1

{ o g a o = v
1naumsi (3.2) Admualitou lusududugud ssamsadounildfe

. (3.3)

a a w a I o P w1
5719 (Roots) ﬂﬂQIwaTULNUaﬂQLﬁH ﬂ‘_ LiUﬂ?1°ﬁiiﬂlﬂQﬁjﬂiﬂQﬂ?1uﬂ HAZITINUDIAITNIU a‘.

= 1 2 A - dl l;l o ~ U d:y a
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v
=
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a Ada a Y ' 2 ; . =
mmmmmammmﬂu mmu"lnuﬂimmam (Linear Time-Invariance:LTI) VT UAU
way Y @ oA 1w o A @ ]
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dygraednavesiinioinnud niuneventziuiudedudyaudsunailvgiiv uasu
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paaI iy s nadyanaduwaldiaudugud () =0 dmsy <0 uarAITUAUYD
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19181939 (Real time) 1I03M59in (Tick) veadmanauine lamodaduya 1 Mediann

¥
a as

A s 1 d o 1 = =
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fonsfiilafeBnsunilsveadinsesnnmiuuy IR Afennuiiafosnn (swable) §16
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2 [0001106110011001 [6550 | i | | |
3 isrm11:|m11n11tlm1 [3106 | i || = | l
| | | | ! ! '
4 [0100110011001011 [19659 | [ ] [ i l
| | | 1 L !
s [0110011001100100 26212 | | |_| | f |
1
; [:11111'1111'1111101 |32?65 [ ] |—| |l | ! I
| [ | | |
7 [1|an110011|nu1u110 |39318 \ | |_| l I l
[ k- Pt
g |1a11uu11un1u1111 ]u58?1 J | |_| | I I
| | I | | |
q |‘:1BH11BB1‘1£|01BBI] ]521;21! ] | |_| I | |
[ L
;o [1110011001100001 [58977 | I | I l
Population size lﬁ—_ Initial pop minimun fitness min |
chromosame size (bit) 16 Initial pop max fitness 58977 max | R
I ax Generation none Initial pop average fitness (29484 vy [
Eeompavr Brabbiliy 0.8 Initisl pop sumfilness  [294885 sum | -
Iflutation Probaility 0.05 I Inital I e ‘

P ~ A 9
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Gen Text Present Generation Population Report Next Generation
Getl dataJ S‘Lfmg I b.& Fitness Parent Pos w2 Stnng X Fitness
| | ! |
{ [113111un1nmu1a1 |56l|69 |B.1226936131 |_|n.29 |1non11nn1nn1n111 |35991 |u
| 1 1 | 1 | |
2 [1uana1|munama1 [33797 [0.6734327882 |_|u-29 [1101110010010811 [56467 (8
| | | | | | | |
3 |an111n1nmns1111 |1n991 |ﬂ.325718522 |1n,1 ,1_|n.uu |11o111111un1nnn1 |57233 |1n
| | | | | | |
4 ]135011301301::111 |35991 |B.{!?B19982ﬁ1 |1n,1 |1_|n.lm |110111111un1au01 |57233 |1u
I | | | | |
5 |7m11no1nn1nnn1 [s6u65 [0.1226849257 |1e,7 |9_|u.57 |11B111111ﬂ10001 [57233 [10
| | | | | I |
6 |11n111aa1ema1n1 [56469 [0.1226936131 [10,7 |T|u.67 ]110111auunn1uu11 [56339 [7
| | | |
7 [1101113500013311 [55339 [a.122u1115u2 8.6 [e_|a.55 |11u111no1nn1nn11 [s6u67 B
| | | | | | | |
g |11u111na1unwu11 |5sua7 |8.122689269h [8,6 is_|a.55 |11u111un1an11n1 [5ﬁu59 |6
I {; | | ] | |
|1uus11na1n11n111 [36023 [0.07826935149 |5,1f§_|n.55 [1181110010018001 [56465 B
| | | | | |
0 [110111111na1nnn1 [57233 [0.1243536025 |5,1s[5_!.55 [1181111110010001 [57233 [10
Fopulation size 10 Initial pop minimun fitness (8113 min [14991
chromosome size (bif) hﬁ—‘ Initial pop max fitness ‘32285 max |57233 Nex‘lCrm
Max Generation none Initial pop average fitness {19359 avr (46019
Crossover Probability 0.8 Initial pop sum fitness [193636 sum |1I602IIII Pratan
e
Iutation Probaility .05 Initail | Gen. |10
7 1
1J°n 4.15 mﬁmﬂammum 1 ‘L!’];]ﬁlﬂ‘i“n 10 (Gen=10)
i =10]x]
i Present Generation Population Report Next Generation
GE: dots Stlri.ng ¥ Fitniess Parent Pos  m2 : St:ing % Fitness
] | |
|1a1111111unn1n1a |u953!¢ f.0335312306 [6,10[E~|u.1 [1100011001110181 isosus [6
1 I | | | | |
2 |111m111n111n1n1 |5899? [n.1nsnssﬁas I6,10|—6~[ﬂ.10 }111001109111611 Essow [10
| | | | I I 1 I
3 |111u111u111u1n1 |610b5 [u.wswzmun [5,5 |"zv|n.aa [1110011110101010 [59306 5
| | | | | I ] |
4 [1110011001110101 |59997 [n.mnsus;aas |5,6 |z_|n.3u [1100011081118101 ansas |6
| | | | I I | |
5 |111an1111n1n1n1a [59306 Ju.1n102995ua 9,9 |F|o.ns \1111011:::511131:11 [-sanoa [9
] | 1 | | | | |
& [11000611081110101 [50805 [n.usosuswuz 9,9 |Ts_|u.as {1111011091110191 I63E193 [9
| | | | | | | |
7 [1111111110001013 |65u1s [n.111uu19773 7,6 |1_u|u.2u [1111111110001010 [65418 [7
| 1 1 1 | | | |
8 [1113111110031019 [61322 [a.muuﬁuzasn |7,5 I'W|n.20 |11aﬂo11un111n1a1 |50895 |6
| | | | | | | |
9 [111101100111&1&1 E63093 |a.1u7u312561 |s,1 [s_[n.ao |111011111ﬂﬁﬁ1818|61322 [s
| | | | | | |
1110011001110101 58997 [0.1005035638 (8,1 |8 [0.69 [1011111110001010 (49034 1
10
Population size ,157 Initial pop minimun fitness [0 nin (49034
chromosome size (bit) 16 Initial pop max fitness ISB‘J?? max |65418 Heugen
Ivlax Generation none Initial pop average fitness |29usu avr |[58B696
Crassaver Pranability [u._s—_ Initial pop sum fitness  [294885 sum [587014 i
IMutation Probaility 8.05 Initail I Gen. (10

51 4.16 manaaeuLVLi 2 Tuigingi 10 (Gen=10)
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=0] %]
Present Generation Population Report Next Generation
Getldotal St.fing ; X Fitness Parent Pos w2 I S!Tingl b Fitness
1
1 |111111111111n11n |65526 [0.1071396870 [2,7 |o_|a-3n [1111111111111110 [65531 [2
| | | 1 | 1 | |
2 |1_111111111111111 [65535 [8.1071396470 [2,7 |6—[.31| [1111111111111111 [65535 [7
| I | | | | | |
3 |111111111111111ﬂ [655311 |0.0983209879 |5,2 |7_|n-75 I111111111111111ﬂl6553h |5
| | | | | | | |
4 |111111111111111u |6553!| [n.u9aa135533 [5,2 |7_[n.75 [111111111111111B|6553!! 2
| | I I | I | |
5 [1101101111111110 [S6318 [0.1071396470 2,10[1—[0.% |1111111111111110l6553!| 2
| | | I | 1 | I
é |1111|mu1n11nu11a [61798 [0.6766525715 |§,1n[1—|n.un |1111aa1m111n11n|62326 [19
| I I 1 | | | |
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| | | | | | | |
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| | | | | | | 1
0 |111111111111111Il |6553!4 \.10539637:42 |§,1u[€|u.sa [1111111111111110 [65534 B
| | | | | | | I
1o [1111611181110111 (63351  [0.1018949821 [15 [0.86 [1111801101110110 [62326 [0
Population size 10 Initial pop minimun fitness |B113 thiny ‘uﬁasg
chromosome size (bif) 16 Initial pop max fitness |32285 max 65535 Heden
IMax Generation none Initiel pop average fitness |19359 avr |61162
Crossover Probability ja.si Initisl pop sumfitness  [193636 sum (611669 e
Mutation Probaility B.05 Initail ‘ Gen. |79
1]:; = o = d' lrlPJnl @ o u;
Iun 4,17 NM1TNATaULUUN 1 HTﬂ"IG]'E)U‘V]L‘HiJWfTiJﬂfIﬂ A LHININTN 79 (Gen=79)
[, Fomt < ouioim i et st Bt s St i =lojx|
Present Generation Population Report Next Generation
Ge: it String X Fitness Parent Pos w2 . I Sllnng X Fitness
I | 1 |
|11nn11n11nn111m: I52636 |u.1u58313aue [1T|n.32 |11ﬁn11n11an1111n|52638 |s
| | 1 | | 1
2 [1111111111110111 [65527 [.8783665180 [8,4 {W|n.az [1111111111111111 [65535 [
| | 1 | | |
3 |111a111ann11nu11 I60979 |B.0991639718 [3,7 [6_|n.26 J111n111naa11n11 [68979 3
| | | I | | |
a [1111111111111111 [65535 [0.1865729334 [3,7 [.T[n.zﬁ [1111111111111101 [65533 [
| | I | | | | |
5 [1110111000110011 [60979 [0.1058427691 (3,9 |W|n.92 (1110111009110911 (60979 3
| | | |
6 [1111111110010101 ﬁ;nzo |u.1asuosﬁnﬂu 3,9 [ﬁ|u.92 1111111110010111 I651431 o
| | | |
7 |1111111anu11u111 [65379 [0.1065696775 [1.8 [s_‘|n.39 [1111111003110111 |65E1?9 [
| | | | I | |
2 [1900116110011110 [36254 [0.0855998471 [1,8 [s_|i,39 [1180110110011110 [52638 [8
| | | | I | | I
9 |1a1111amu11111n 4B [0.1064038053 [2,2 F|a.62 ﬁa1111unaa11111a[u3199 |2
] | | I | | I 1
;o [1911110000110111 [48183 [0.0991834849 [2,2 [15 [0.62 [1611110000111110 [48190 2
Population size 10 Initial pop minimun fitness |3 iy [u81 o0
chromosome size (bit) 16 Initial pop max fitness |58977 thax {65535 HexiGian
Iax Generation none Initial pop average fitness (29484 avr |61488 |
Crossover Probability 0.8 Initial pop sum fitness !ﬁ}aas sum lﬁ1h931 FreGen
Ivlutation Probaility B.05 Inikail ‘ Gen. |27

=1
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° p = i v W 1

YayrmImoa1 (Word Guessing Problem) [30] 1UMSIauInUMefAIonys 11 nsne
as el A o o qs: 1 as @ o 3 9 EY o A
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B,B,B,...B,  #1BEI[1,52]

1. MSANHUMINNAUEATTY
1.1 11 1as luTa (Chromosome length) = 16
1.2 $1wmdszang 10 Tag T ey
13 Aselenos Pe=03.0.6
1.4 Tuedfu Pm=0.1
1.5 BUNDIYFU Pi=0.2
1.6 Flwsan 1 lagluTany

o
1.7 mﬁﬂ’iaﬁiﬁlnﬂ‘iﬁmﬂﬁgﬂ (Point of Crossover) = 4,2

dyw = ar s ) . = P a a g [
wenNHE ¥ NI UATULUUAIEY (integer mutation) Ao MIasumdaauuaila
| I~ o 1 a n’j ' cac'iv [~ ] [~ ]
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start
Prob. of crossover [ 3 Population size 10]
Prob. of mutation | 1 Point of crossover |4

Prob. of inversion |o 2

Chromosome length [16

Gen. word best avr worst
o IUeerunrJchl]ch 1 o5 o
|50 |jeUetrCkLGOFdBTq 7 |48 E
[100 |iEUeTuCALGOrHITY 3 [5.9 |2
[50  [JEEeTICALGorHITt [10 55
|200 quNenanunnrmh [11 5.7 2
|250 |gENeTICALGOCIMTT 12 7.8 2
[300 [gENeTICALGOXIFST 12 E
|350 |gENeTICALGOXIFFT [z 5.3 E
|400 |gENeTICA1GOXTVIG 12 7.7 E
[450 [gENeTICA1G0X1u1G 12 s |3
[500 [gENeTICALGOXIVIG 12 |25 B
[580 [gENeTICALGORITYE |14 6.7 3
[e00 |gENeTICALGORITYE |14 8.5 |4
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[700 [gENeTICalGor ITYL [14 73 E
715 [gENeTICalGorIThn B T
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Prob. of crossover |06 Population size 10

Prob. of mutation |0 1 Point of crossover |2

Prob. of inversion 0.2 Chromosome length [16

Gen. word best avr worst
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|250 |gEneuICAKGGR ThH 12 6.9 |4
|300 |gEneTICAGFRThH 13 3.0 E
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|300 IKENETICA1GORIThH [15 EX3 7
827 |gERETICA1GORIThH 16 1.4 |4
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5.1 Least Mean P-Power Error Criterion (LMP)

'
o Al

i ¥ a o w : L
Turitei 1aWa1TaM cost WA J(a) Y99 ANF SUAUEDI F9 cost Harauiilg as

I~ d w = 4 o3 = 729 Yo = L4 o o
LTJUWQﬂ‘Uu‘iJﬂQW15']3Jlﬁﬂ§ a U t’!Lﬂuw']ialﬂlﬁﬂﬁ'ﬂcl“ﬁﬂ’]ﬂu@]ﬂjjuﬂu@ﬂﬁh'ﬁ]@\imaﬂ‘j@Qﬂ’}

v °

~ ' A o o o 1 L o °
ABUYDY o NIABINS A A1 o MR cost Handu J() TArdraa (Minimized) Wufe 14

o o

' [ aa o a Al ar a
113 Minimize ‘ﬂ’lﬂ'lﬂﬂ'NTTIQﬁﬂ‘ﬁlﬂlﬂ\iﬂﬂ]ﬂﬂﬂlt@"lﬂwﬂUﬂﬂ’lﬁﬁﬁ'{’]\i Ely (n)} ¥D3AINT0IUDANY

o o

"
S Yo w

4 @ a : . @ 1 d:w [~ & v
Badosiafiu (Criterion) fana12fl vziilui3sndulaeialy 1fufie Least Mean Square (LMS)
~ = A a Y A | a o .
error sense IMANAN LMS 1Wuntonlgnuiiiosninanudielumandineans (Mathematical
simplicity)
Tuganaeiirim mM3m Minimize uuy £, -norm ([l®ll, p-norm) [7, 19] unz1dgn
2 o 1 9 a ° @ g ¥ 1 1
naaeuDaNeh I uteud wauysal wanbnldiunsdszgnd ldaud 9 nnue wu ms
PONULUAINTDIAND, 11591 Deconvolution, MIWITHAFEY uaz MsUizumaaum
[~] @ v @ = 9 S
Wudu Taomld mseenuuudInsennud 1edeeld¥n1s Minimize LUy L, - norm [20]
umilolddmsy Uszumaainud M3 Minimize 10y L, -norm ([l®]], :1-norm) a2@in11ae
Ad w [~ a w v .
mwizlunsandyarasunaudunuuduiad (Impulse noise) [21] 1199910015 Minimize
=] = @ 1 d 2 o a s ° 3 as =<f =
wUY L, Ingegsediuediaauysoinad dsdludeinheuly vimbun 1w niuezuad v
o a R o a r_}i ag Y9y o a i 3 Y w a
0an0INUAIM Y ANF 43 lanlndlddoaadunuy LMS unvz 1y Yodaduuny Least Mean p-
: 1 1 - y o o
Power (LMP) Error Criterion Uy [22] Fsnuhdudonat p ivingauuda iiovinnszgng
o o [ [ a8 = dld U =
T4 Tumal§ianate  othe ezuadividanesiuuuy LMP 121 aussaus Aand1 osuadiv
HANDI NIV LMS

@

4 = v @ = < L4 A a a
ievzefuededaduuuy LMP Tidyanadunailudyanusnoianudifer duud

Yoy
o A
(A1

Ty I UN VLD LOL/MTD T INTUNIULLBNNAT AD

x(n)=Asin(a)ln-i-g)-*-v(n) (5.5
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A & o -~ a w o d o 3 g
e v(n) AD AYYIMTUAIULVVUI ¥30 dUWad MInleanduais Teuvsinnsosozunll
1
=" dar W = o [ o W 1 o
WluuuueaOUAIADY W151WADT « 12gNUTV ANTUAT mean p-Power error VDIT I

o =1 o a
DINANTO cost Handu
J@)= E{5m)|"} (5.2)

w F= ; o I~ 4 ] a
wonliuauliamdige aumsh (5.2) senmodlu LMS Weld p=2 msmaivesaunisn
(5.2) wlalasldmsiszurnd095n15v09 Batch (Batch method) [23] Ao
o = % [ o a.,
W v fle Saunnuenvestoyaduna <) uag ) fio oYY IO IANADINAING D9

U J(a) azanniodszanldauaunms Ao

i I ,
J(a):—ZIj(n)l’ (5.3)
N n=l

£
o as

o a o
Y a5 ENMAoUYRIMTEINDS « IAMNANMS A

& = argminJ(a) (5.4)

a w118 1ael¥ Nonlinear programming optimization 1Y 8ANDINULL Steepest decent

o 1 ) o ' & o a '
11a¢ Conjugate gradient 1y Ao lUazwinisandied1e iedyanaduwaiiamuaumsie

T T
x(n)=sin(—n+—)+v(n),n=01,...N (5.5)
2 2

1

o ) @ =) <3| o = P= B 2
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ABSTRACT

In this paper, a new class of gradient-based algorithm by
using variable step-size technique for a second-order
adaptive IIR notch filter is presented. An adaptation step-
size parameter for the algorithm is worked by the output
signal and the gradient signal. The adaptive algorithm is
used to detection of a sinusoid with additive white
Gaussian noise, impulse noise and cancel 50-Hz
interference in the recording of electrocardiograms signal.
The performance of this algorithm proved here that gives
high convergence speed, high impulse noise robustness
and good efficiency of cancellation 50-Hz. Finally, the
results of computer simulation are given to demonstrate
the performance of the proposed algorithm for adaptive
IIR notch filter.

1. INTRODUCTION

Digital notch filters have many applications such as
the detection of sinusiods in noise or eliminating
sinusoidal disturbances in communication and others. The
second-order adaptive notch filters have been used for the
elimination or enhancement of sine wave components with
unknown frequencies[1]-[7]. For adaptive IIR notch filter
(ANF) analysis, a good algorithm requires fast
convergence speed and low variance and bias [1]. One
approaches of using the adaptive algorithm of quantize
least mean p-power error criterion (QLMp) and variable
step-size quantize least mean p-power error criterion
(VSQLMp) were proposed in references[3](4],
respectively. However, this algorithm performs high
variance.

In this paper, we have modified the algorithm by
using the variable step-size was proposed in reference[4].
The new algorithm increases the noise robustness and
reduces the computational complexity when compare with
the previous one. Assuming a sinusoidal signal with
Gaussian white noise as input signal of the second-order
adaptive IIR notch filter, the filter is analyzed for various

0-7803-7690-0/02/$17.00 ©@2002 1EEE
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parameters from the derivation of the transfer function.
This algorithm is used to estimate frequency of the

sinusoidal embedded in impulse noise and cancel 50-Hz
interference in the recording of electrocardiograms (ECG)
signal. The simulation results for several situations are
tested by using the computer programs to show that the
proposed algorithm is an attractive adaptive algorithm.

2. ANEW VARIABLE STEP-SIZE ALGORITHM

In this section, we first describe the QLMp
algorithm that was proposed in ref. [3] and then the
proposed algorithm. To simplify, assuming that the input
signal to the ANF is a single sinusoidal corrupted by
Gaussian white noise, i.e.,

x(n)=Asin(wgn+¢)+v(mn)n=012,... (1)

where A is the amplitude, ¢ is the phase, @, is an
unknown frequency, n is time index and v(n) is the zero
mean unit variance white Gaussian noise, the input signal

to noise ratio (SNR) is in the SNR (dB) = 10log 420"
foorm ( O ? = noise variance). The objective is to estimate
unknown frequency, (U, by applying x(n) to the ANF,

the transfer function of the second-order adaptive IR

notch filter is given by:

1+ 14272

Fe)= a(n)z_‘ +22 _
1+pa(n)z™ +p°z”

(2

where a(n) is the filter coefficient or notch parameter,

which should converge to —2cos @), to reject a sinusoid

with frequency @, , O is the pole zero contraction factor



which is to unity to ensure the narrow notch filter. The
estimate output signal of ANF can be CXpress as:
y(m) =x(n)+a(n)x(n—1)+x(n—2)
2
—a(n)py(n=1)—p“y(n=2) (3)

The LMp criterion of the ANF can be expressed in terms
of notch parameter “ @ (n)” i.e.,

J(@) =E(y(m)|") (4)

Eq. (4) is called “Cost function”, the ensemble average
value can be use to replace the expectation value in Eq. (4)
that is:

. 1 M=l #
J@)=— )| (5)

n=0

where J(a) is estimated version of J{a), to simplify and
reduce the computational complexity, we will set the value
of p equal to one. Thus, the Eq. (5) can be rewritten as
follows:

- 1 N-1
@)=~ Ty (6)
n=0

The QLMp attempts to adjust notch parameter
@(n) as long as minimum magnitude output signals.
Hence, adaptive algorithm can be express as:

P
a(n+l)=a(n)—}1-sgp M—

da(n) ™

where Ll is the step-size constant parameter used to
control the speed of convergence of an algorithm and

sgn(x) = x/lxl .

Since

ool = sensiy -y

substituting Eq. (8) into Eq.(7), where p=1, we get

b= smmo) 20

and by pseudolinear assumption, we have
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dy(n)
da(n)

=x(n—=1)-py(n—1) (10)

Itis evident from Eq. (9) providing that we choose value of
p equal to one, the QLMp algorithm will be low
complicating in the calculation.

Next, if the notch parameter of update recursion is
large when the algorithm is far from the optimum that give
the fast convergence speed in the initial and decreasing as
we approach the optimum that give low mean square error
(MSE). To approach this objective is to ensure large t(n)
step-size parameter when the algorithm is far from the
optimum and H(n) decreasing as we approach the

optimum. The proposed algorithm achieves the objective
by using an estimate of energy of output signal and
gradient signal of the ANF to control step-size update, The
estimate is a time average signal that is described as

Y(n)=«- ‘P(n -+ (l - a)y(n) g’:z:; (1

where (¢ is positive constant, the range of values for o
between 0 and 1. This constant is called an exponential
weighting parameter that governs the averaging time
constant, i.e., the quality of the estimation.

In the early stages of adaptation, the estimate of
output signal energy ‘¥ ( is large, resulting in a large
H(n) . As we approaches the optimum, the output signal
approach zero, resulting in a smaller step-size parameter.
This provides the fast convergence due to large initial
H(n) while ensuring low steady-state MSE due to the
small final [(n) . Thus, the proposed step-size update is
given by: '

B(n+1) =7 pu(n)+ ¥ (n) (12)

where ¥ is positive constant, the range of values for Y
between 0 and 1, for the quality of the estimation should be
close to unity and A is small positive constant. Thus, the
adaptation step-size is adjusted using the energy of the
instantaneous output signal. The notch parameter update
recursion is changed in Eq. (9), a variable M) instead of

a fixed [ . The proposed algorithm is as follow:

ay(n))]
(13)

atn+ 1= ali)~ ) sgn[sgn(y(n))' Baln)



3. THE SIMULATION RESULTS

3.1 Sinusoidal estimation in fraussian white noise and
Impulse noise

In this simulation, the parameters chosen are A = 1,
W,=n /3, &= 099, y= 699, A=000l, p=1,
M. (0) =002 a(0)=0, SNR = 6 dB for Gaussian
noise environment and addit:ve 506 (n —500) for impulse
noise. Figure 1 shows the learmning curves of notch
parameter a(n). As indicated in curves of Figure I, the
convergence rate and noise robustness of the proposed
algorithm is better than the previous one.

In Figure 2, shows the MSE of the algorithms.
From Figure 2 shows that the proposed algorithm yields

significantly MSE improvement over the previous
algorithm in Ref.[4].

3.2 50-Hz interference canceling in ECG signal

A major problem in the recording of ECG signal is
that the measurement signals degraded by additive 50-Hz
power line interference. The method used to canceling 50-
Hz interference in the ECG signal is ANF.

Figure 3 (a) shows an ECG waveform with
excessive amount of 50-Hz interference. Figure 3 (b) and 3
(c) show the output waveform from an ANF [4] and
proposed algorithm respectively. Test condition are =

0.99, ¥=0.99, A=0.001,p=1, i .. (0)=0.02, a(0)=
0 and SNR = 10 dB. From Figure 3(c), we see that the
proposed algorithm gives a good cancellation of 50-Hz
ECG interference.
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Figure 1 (a) The learning curves of coefficient a(n) by
Ref.[4] algorithm
(b) The learning curves of coefficient a(n)
by the new algorithm
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Figure 2 (a) The MSE curves of coefficient a(n) by Ref.
[4] algorithm
(b) The MSE curves of coefficient a(n) by the
new algorithm
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Figure 3 (a) Shows an ECG waveform with excessive
amount of 50-Hz interference
(b) The output signal using Ref.[4] algorithm
(¢) The output signal using the new algorithm



4. CONCLUSIONS

We have proposed a new gradient-based algorithm
for a second-order IIR adaptive notch filter. From the
results of applications, the convergence rate, the noise
cancellation and accuracy of the proposed algorithm are
better than does the previous one. The result of simulation
by computer can show the proposed algorithm is
consistent. In addition, it is of interesting to analyze the
theoretically performance. This work will be studied and
investigated in the future.
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