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ABSTRACT

This thesis presents a new adaptive equalizer using the variable step-size technique.
The proposed adaptive equalizer is based on FIR (Finite Impulse Response) filter structure,
emphasize for the 16-QAM (16-Quadrature Amplitude Modulation) digital communication system.
The objective is to improved the performance or bit error of the communication due to the
disturbances of noise and intersymbol interference phenomenon on the channel. The proposed
algorithm is based on the CMA (Constant Modulus Algorithm) and this new algorithm provides fast
convergence speed, low mean square errot, and good symbol error rate than that the previous one. We
considers the 16-QAM communication system transmit data through AWGN (Additive White
Gaussian Noise) channel and Rayleigh fading environment. Moreover, according to the simulation

result, it is found that the performance of the variable step size adaptive equalizer is confirmed.
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4.3.2 wusaeresdyanwetsaNyadi hisiolioamanal (Equivalent Discrete-

Time Channel Model)
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x(n) = i a, Er (n—k)+v(n) (4-25)
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ro() = oir, () (4-26)
A ) =) ' = 4
dlo o2 fip AiSouaues v, (1)
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91319 4.2 (n) penuUUTawmes laeld spectral factorization Y99 Z lrg, (I)J fvuald
R, (2)=Zlr, D)= R, (DR, (2) (4-27)
A * A o
1o R, (z) A9 minimum-phase factor

R, (2) 1o maximum-phase factor

o LY
fmuald

W(z)= T (4-28)

ssuviduneada fiadvsnmuar19awudyae ¥(n) senuuuflamoive 14
x(n)=w(n)*x(n)= gak h (n—k)+v(n) (4-29)
Tao#i B (n) =R, *w(n) (4-30)
e v(n) = w(n) *v(n) (4-31)
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b4
v A

AU

2R (2) =0 (4-32)

1
R,(z) =R, (2)R;(2) = mgv .
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4.4.2 3m0 el SUVY Zero-Forcing
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e, (k)b (n- k)} (4-40)
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4.5 Unsupervised Adaptive Filters — Blind Equalizer
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e(n) = e(n—1) + 2ux(mM{O[F(m)]- F(m)}’ (4-50)
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5(n) = c(n) * x(n) = c(n) * [h(n) * @, +v(n)]

= an i h.’S.f (n) *an+c(n) * V(H) = an + 'ﬁ(n) (4'52)

Taufifn hg (n)*a, #o ISl findaeey uag c(n) * v(n) Aomvosduanasuniu laold
a ¢ g ° o ¢ Y ¥ A
NOYF central limit A1 V(1) wsneaiudyanusuniuuuumddonla dwmain a,

sy aasaa U o' " ‘;cg 1o 1
uag v(n) Lfll&%gﬁﬂﬂﬂﬂﬂﬂﬂﬁi: A5z MSE f1da z(n) ¥93A1 g, NYUBYNUAT

Ed
@ A

7 (n) fnua 1daadl

2(n) = Ela,[7(m)} = 7 ()] (4-53)

s d o 1a g v o ' 2 w 3 1
¥(n) Wuiladdunuy lgadu msiznm a, iu N un151aALADY Guassian AIHUAN

- = n v
Fanaiaszauisoen ldiy

e(n) = FlF(m)]- () (4-54)

Taaf

y(n) = ic; (n-Dx(n—-k)= ¢ (n=1)x(n) (4-55)
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~ A o J a .4 = o o asf o @ a o
(n) fodaannueIdnaveeIe939nIe laiwes n3dEeussanesnudmiudaie lawesuuy

7
YoaRImua lanatl

o(n) = e(n—1) + ux(n)e’ (n) (4-56)
A A o o
o p fesay lad
P n‘: [ g @
IINAUNITN (4-54), (4-55) DY (4-56) vusalddnduzdunuaunsnalves LMS
Y

= @ [ = ) v a @ w A = 1 o
saanladusanesiy dmsusaie lawduuuuveaiuiinannainismsizinerana
i~ 1 =Y é 3 o = c:l.y = 1
$(n) WumsdszuundiunisuIs Bussgang F9p19n5I0aneTNUTIZNITININ Bussgang

9 Y

3
Sanosiiy dmdudae lamesuuuuea [13] 92580N58UIUNTUIT Bussgang [14] A0l

E
=

LTI

Efm5 (n-}= EFmaly (-l (4-57)
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4.6 Fractionally Spaced Equalizers

AUYIUOUNAVDY fractionally spaced equalizer (FSE) muﬂm‘lugﬂﬂ 4.10 “N%"lﬁsf

Y ' P! o v o A v 1 d 3 A
InmsdudnieiioAnavesresdyguiidnguiiandt symbol rate Ry =1/T, Taghan

w o

= ' é 3
T, Aegralunilsdydnyel

2>

danann x(7 ﬂ x(nT) y(nTy) a
( ) .(_’ Equalizer —ﬂ = Detector —>

AINTN
t=nT t=nT,

i I~ 4 a .
517 4.10 vion laozunTNYDUATOITULDY fractionally spaced equalizer

Wioldsrelumsin il aulumaljraudiseiasaniissozvadydnyoii

4 g " . o

T, /2FSE 3 FSE aeiidedmualunagaundfou finite impulse response (FIR) FSE ¥
¥

ansadfuldifugesdyaiauuy FIR odreauysel linaueiulae Jonhson et al. [15]

aq Yo ¢ o oA w_ e
ﬁuuﬂlﬁﬁi‘gm{)']iul't-].lﬂwﬂﬂj\]ﬂ?']uﬂﬂluﬂ\iﬂ’mnauﬂuﬂqu

() = f: a B (t = kT, —to) + ¥ (t) (4-58)
k

=—c0

die k() AOWANDUTUBIVBIYOITYY I wazihinssammnatignriasensn iy lay

g a o U y @ q’
Fosdann 7, 13lum 7 () &0 Taviie ¢ = a7, /2 sxlddyanai hideriesdsil
x(n) =Y ayh, (n—=2k) +v(n) (4-59)
k=0

d‘l = 1 o
Wo A (n) A9 HOADUTUDIVDITDINYYIN

Qs o
v(n) Ao dynssuNIULULINIE YUY
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2M -1

y(n)= Y ex(n—k) (4-60)
k=0

-1

- A a Aw o A 1 DNl ' a Y w 4
ﬂﬁmlaﬂﬂw%_ﬁm.lﬂﬂuﬂu‘ﬂlﬂuﬂ 2M EW@clﬂq']Uﬂﬂﬂ‘lﬁw"inﬁm'] Hagﬂ']ﬂﬂlﬁ’]ﬁw‘ﬂﬂuﬂqqqqﬁ

1 A w oA o oA

a o o ¥ | VA ~ a = Y
ﬂﬂqaqalmﬂiiﬂﬂﬂﬁﬂ\jﬂﬂgluﬁjuﬂ]QQﬂ’lﬂQﬂﬁuWﬁ‘ﬁulamﬂ unen 2n+1 i]zulﬁ

a

2M -1

Jm)y=y,@n+l)= Y cx2n+1-k)

k=0

M -1 M-1
=Y e, x(2n+1-2k)+ Yy x(2n—2k)
k=0 k=0
M-l M-l
Pmy=Y cix*(n—k)+ Y e x‘(n—k) (4-61)
k=0 k=0
iiie ¢ =iy, Of © Ggs X (H)y=5(2n] x°(n) =x(2n+1) (4-62)

oA

wufodulszneuilududug (even, e HazdUAUA (odd, 0) VDINANDUAUDIVDIINDS

a o [ - o o W o [ 1w [ d 1 w

sane laefuasdyaaisy ldamddy ddmualddanmsdedydnyeivearosdyau
1 b

¢0Y (subchannel) ﬂllﬁ:ﬁ?} L‘ﬂuﬁ\iﬁ

he(n)=h,(2n)waz h°(n)=h,(2n+1) (4-63)

o

o 5 \ a o ¢ ' o ' @ o o
SuhusdnnsnsunaneUausiResuaduestesdyn vinmsdadydnual a(n) Tilds

Sandedydnyaiueuerdnn J(n) Yo FSE daft
h(n)=ct*h"(n)+c. -h*(n) (4-64)
wiowoululamuusase1a
H(z)=C(2)-H’(2) +C°(2)- H*(2) (4-65)

& @ o o [ [ [ |
HIHARNT01NNI3$ IR0V LIV YADITRId YA BLTA IARagR 4.11
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vi(n)
Channel Equalizer
> h'(n) c*(n)
al‘l
»  h'(n) c’(n) - 1
v’ (n)
i;l z‘”u

517 4.11 wup$raesszunassvedya miiunTaas UL Tb/2 spaced equalizer

4.6.1 Blind Fractionally Spaced Equalizers
Blind Fractionally Spaced Equalizers uiludaudidydmfumslszygndld

a o a wva 3 = ' 1 o o o 4
S0 e s lun1alfua mszdnzdmsguana iuilsdduvesilamesunuunad
s sasdmiusMaaat msdiuljsmsaadgasuniu uaziudaunsadiua
1 a Y = o

Foedayaas FIR moldidoululunisgannd (Gitlinetal [10] 1ag Johnson [15]) 101AYAVDY

Sanelawe i ldsanes iy CMA waad ladsaums
M-l Ml A
y(n)=Zc;‘(n—1)-x”(n-k)+Zc,f(n—1)-x°‘(n—k)=c’(n—l)-x(n) (4-66)
k=0 k=0

e(n) = 3[R, ~ 5|’ (4-67)

e(n)=c(n—1)+p-x(n)-e (n) (4-68)

o cn—1) waz x(n) fenmaeidoyafiiiuguazafinealeadu daulnssaitvesezual
& 4 1o oa

#ivl blind FSE uaaslilugli 412 ded1ves R, ¥uegnudunaved symbol constellation

U

L) o @ a 1 Y A a [
annsafumsvayBeavenudnuuzvossaneiuuar Mg uiuGn 18 [15]
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x(nT, +T./2)

e (n-1)
M I 7 £R JD(.VI) A Decision aHu

Received device
L A
signal 9

>

E

Y

¢ (n-1)

| 7 ()
Adaptive =
o [ D

algorithm

x(nT,

" ¥
U7 4.12 daulszneufiuguvedszuy FS adaptive blind equalization

L% a A -&’ =‘i d‘ 3/
4.7 9aNINUNHFIUNINYIVDI
4.7.1 Sato 9ane3INY [16]
299380 lamesuuuveasuus AiauaiuTav Sato [16] dmsudyauiuogan

1111 Pulse Amplitude Modulation (PAM) Taosmuailandusiianain ldasauns

7,(n) = R, sgn[y(m)]- ¥ (n) = e(n) (4-69)
2

Taii R = E{a" } (4-70)
Eia,

A a w ") A o a Y
wag sgn(x) AoFNUNNINTY tazieMMTmIBYNUTA ¥, (1) wld
o 1 .
v )= 2[R - ()] @71)
o A ' =) 1 o a A o ar A aa a 9
INAUNTHAZHIAFUNNA1IVUTINTT Sato BANDINY dmsvuszuudeaisatneanldiunms

uoQaAN 1 TIazv1IA (quadrature amplitude modulation : QAM) HadFuaianainfmua

1ddaaunis

e(n) = R,csgn [}(n)] -y(n) (4-72)
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(93)

A A 4 da o o o Y o
D csgn ﬂ@ﬂﬂﬂJLWﬁﬂ“h’“b’ﬂuﬂJﬁﬁﬂ‘lfulmﬁﬁ CSgII(X) WTqﬂﬁﬁﬂMﬂ’\’i

csgn(x) = csgn(x, + jx,) =sgn(x,) + jsgn(x;) (4-73)

4.7.2 Godard 9ane3ny [17)

al da

@ a R [ Y ' Y a wad
Godard E)aﬂasmuzﬂueaﬂ'amuwuw%nuamqmwmn 5I,‘Ll“ﬂ'N‘IJ.{;F}HF!‘I‘] N3

[
o

=
U
4 ¥ a s 2 @ = o o
ﬂi%t}ﬂﬂcl‘lﬂ\‘i‘ﬁ‘iﬂﬂﬂf)%ﬁl“ﬁﬂilmﬁﬂﬂﬂ“ﬁﬁgﬂ‘Wﬂlu'I‘U‘HTﬂU Godard [17] mﬂsuﬁtgaunm QAM

& -] :4' ' LY 1 n.l o ::ly
49 Godard ¥msnlasuailandu w, Ieglugialy 1dasd
- 1 g AN
v, [F()]=—|R, -[¥(n) (4-74)
2p
A - L o A P o a o 9
o p Aemdmauiuuan uaz R, Aernsivanidlumyinaueie dmualdla

& " v w = [ a 9 o
Fazdemsmeudy p sxualiivldano3iuves Godard eunsoudad ldasaums

c(n) =c(n—1)+ ux(n)e” (n) (4-76)
diomianaade
e(n) = 5|70 |R, - |50 (477)

' = sy ¥ s a 8
ﬂj!ﬂﬁlﬂﬂuﬂﬂqﬂ%’}ﬂﬁuﬂ15(4'74) %Lﬂl&’aaﬂﬂi‘ﬂmmn LMS

4.7.3 Constant Modulus dan@31iu [18]
Tauna 11151560 Godard 8ane3MuilA1 p=2 31 Constant-Modulus algorithm

& a 3 & o o o : W q
(CMA) Fagnanfuiula Treichler uag Agee [18] FalHanduduyu (cost function) il

P@:%h—mdf} (4-78)
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q

a s & S v 2 - 2 {2 o '
gaq0lawes #alu [17] lAuaasldifiudin MSE E{[ a,|” —|y(n) ] } azfiaudnlndm
° a { o o A o { 1 = 5 ; 1 ~
frae TavAinsaniavosdgyanumideiimsaoum 3(n) du jne’ mluaumsi
1 = @ 3 o de o ' o ' a
(4-78) vz hignilaou daumadni lddedlumsdsumdae cMa aunsaildeddasy
] ¥ 1 LY s o o J @ é °
uagaeiieasmiusumainuesszuuddygeminduiuAle Famsiinuues CMA

T3 13daansei 4.1

M3199 4.1 731N 1571191409 Godard ¥130 CMA

NS aunII
a v o L
9790 laws Fmy= > cp(n=1)-x(n—k)
k=—1
ANIUAANDIN e(n)=y(n)-[R, "‘ﬁ(”)h
HanTuenian c(n)=c(n—1)+ u-x (n)-e(n)
Godard constant

o o = H d‘ Y Y T =1 [ :; 1 9
nInmMsiavesdanes e I ldagajamnouazimsfuwah hidudounay
[ @ a i a a ' a o
Tiigaen Sanesiuuuy cMA Juiluiiionldfuednfuunalusedae lawesuuuven
& = o a d =

LAZ IS array signal processing HUUUBAAIY &3 Ding et al [19] 14111135 3ATIEHTWALIDYA

19 w a8 ) B2 gk . % r;’
Tumsqihuessaneiuuun cMA Tasiorssnainiadese li

v v 3
1. ANSUAY - ISUNNUAIVDIAINANDIA (error surface) YDA ANdSNUULL CMA 3

[-7] T o ar = 1 1 TN ) { Y
dnuae liyuTRehisanedivernee liawsaogidhgamndesnsld Tums
a e =Y 1 1 o 1 a' 9 =Y .a:
UiAasessaan lawesuuuuea lavdiulngszdimuanisudulasl§5meh
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Fulszandgudnanmiemduilsynidredeezgnasm 1inaaeiismil
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2. sanmsgidn : ilesninlunsdives LMS Sanesiniivouiavesdasinsgidn
Wiy (1-2p4,,)" <7 <(1-244,,)"

o a g 1 3 o Y 1 o o

3. Excess MSE : Tu LMS §ana3iius Excess MSE 1iuagdiuan lannarmay lad

A1 MMSE (Minimum Mean-Square Error) 31471489005 dn5U997995 N304

14
wagdevesdyudune uAsaneINULUY CMA i1 Excess MSE uagi

uvasdayyIn [20]
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4.7.4 Signed-Error Constant-Modulus algorithm (SE-CMA Algorithm) [21]
¥ v
signed-error Sane3muninidusaneIiufifaunndanosiuuuy CMA Tavizine
o o 4 a A 1 a y Y T oa a o
eSS oaMuIY (function sign) WAaNaumImAanata e ldlsumdulsz@nives
a 4 3 a o o ; o @ 1 a 4 v w
saelaod Taumsldiomuinsgiuveeilandu sign M5uA15s Feaunisdanduonan
o dov W - o o o

¥93 cMA musadulzadluaumsiladdusnanves SE-CMA Tasfigumsdmsumsliu

a o = @ a o 0 @
W5 iiaes ¢ vpsozualfinganosiu SE-CMA viuaue 1y Brown [21] Aimua lddsaums

e(n+1) = c(n)+ - sign(e(n))-x" (n) (4-79)

[ a ='l o a = Jt:
4.8 eaﬂmﬂuﬂmmuéﬂm‘nmuwuﬁu
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e
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Y = R . 1:{ ] @ w 9/ dw
§ano3 LU Constant-Modulus algorithm (CMA) fithwanfuygaud lufiily
Sanosftuuuyuilydesn1sd1auindy (raining  sequence)  9103U7 413 uaasds
o a Jan 1Y o w & & o 9w aa
vienlaozunsuvesdnie lawesn ldesnsdrdurnduasiinis loanaTnuuuy Constant-

1 3/ ¥
Modulus algorithm (CMA) #il#ifufiugmdmsyldianndanainulunuidvil
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@ 3 = a i:iyd Y [ a &L i A .
muu‘lmmmwu‘ﬁumTﬂgﬁuaaaﬂmwﬂwu 2 WUuUAD Sign —Input Constant
Modulus Algorithm (SI-CMA) il0i& Variable Step-Size constant Modulus Algorithm (VS-CMA)

1= lananswazduade 11

4.8.1 oz nWdanasnuuuy SI-CMA
v '
Auueesaneasiy SI-CMA i1 WuganesiuNWAMLIN191n9aNoTNUILLY CMA [18)
wagdaneINuILY SE-CMA [21] e lumailgianu dusransonruaudygIudunanig
3 v o Y ) A o A [ s = - o
11u gt i auisoadiuniessuimuisaunudy Mo una LasaINITAINNA

o Y & [ 1 a a o Y c:yd 9 a
doyarulda Fe9rnmeuadina Tudneriinusatuidaldanuaulalunsiasu
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o =

é = o wa 4
Fuyyraduna Falumsionsan ldihguauidvesnisaseaouniesnuion1iluns

Aorsan aumsdmsunsUsuainsiiiees ¢ vesezualindaneiinuuy SI-CMA n'la

sautlaa1nsanesAuLUY CMA firua laaaauns
c(n+1) =c(n) + u-e(n) - sign(x" (n)) (4-80)

TaumsoIdoiansei sign SmsuasrvaeuiniesmInesdyg I x(n) didyau

x(n) Seuiluuan mves sign(x(n)) wlawiiy 1 uazdivesdygia x(n) Wuay a1
. a0 1w &4 J 1 a g o o o

Vo4 sign(x(n)) ILUAUNINY -1 mi}:nan"lﬁ’an%‘nﬁﬁﬁ]uﬂﬁmﬂwu"meigtuum x(n)
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I¥iifvaaeeszdufe 1 uag -1 Mldanioaamsguaald 1a5ede 1A700619 FeezHIvan

ANUFUFOUAY

Y1 Y A @ a R dyd o 9 o v
asi1ddedvesdaneThuiine annududeulunisdiuinasld uazmansam

ey 18159n719ane5NULLY CMA 1ag SE-CMA
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WSaMsEMSUSanoSHULUL VS-CMA i ldedudeaveamstsuarvesaay lad s
= ° a o @ a ' =

alRsumlasmunaie szt g Tavssadrsgumsdmsvisuamad ladfimnzan
fgarie 1 1dmdulszaniveamsisudfiafigavesdnie laies Tavszordundnmsves
o ' @ a o o g o A Y Y g oSl
m-iu1mﬂTwaaa1wm'diyzymmmwﬂu1ﬂ'mﬁ}ums1Js1Jﬁmﬂ‘lmﬂma“lw"lﬂmﬂmﬂ"lmﬁﬂ
munzay Taofezimssmuanaisuaulisusiadl lsddmsuldlumsisudu Feezine

wiamweuewnanlFumsauguliidmad) lad
a -3 ; o 9/ o o - o ar o 9/
Tavsanesiuiiszdmualiail ladnldoununa Taniuemasnueiayainly

aunumstsuammdl lydmunsosmualddaums
p(n+1)=c-p(n)+(1-0)-y(n)’ (4-81)
aumsdmsumsdsumainladaznansldsail
pn+)=a-pun)+p- p*(n) (4-82)
Fai p(n) Ao NAWNDIANA

Tauh @, p,o Wusiniiegszndne o uaz | aumsdmiumsisuamsimes ¢ v

ualfinsanesiuiuy vs-cMA dmsuezualiindnle laesne
c(n+1) = c(n) + p(n)-e(n)- sign(x’ (n)) (4-83)

4.9 FEMIIAAUIIOUZUAZANUNINGVBIAITAANTTOULAN

o T @

4.9.1 daauFya A FYTUNIU (Signal to noise ratio : SNR)

Msasdndyanudedyausuninvesdyyiufioonninnieasy Faliiinwlu

o
¥

WUIUAFIUA (Decibel : dB) Aatl
0_2

AZ
SNR, =1 Olog[ J (4-84)
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4.9.2 9 IANUNANIIATUANYWM (Symbol error rate : SER)
s a @ [V s ' = [ o
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Y INUTUNIU
SER=1-(1-Py;)’ (4-85)
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A NEW CONSTANT MODULUS ALGORITHM FOR ADAPTIVE EQUALIZER
PORNPIMON TUPCHAI, CHAWALIT BENJANGKAPRASERT, ORNLARP SANGAROON

Research Center for Communications and Information Technology (ReCCIT), and
Department of Information Engineering, Faculty of Engineering,
King Mongkut's Institute of Technology Ladkrabang. Bangkok 10520, Thailand.
Email: p_mpchaf@;hornmil.com, kbehawali@kmitl.ac.th

In this paper, we propose a ncw adaptive algorithm using modified constant modulus algorithm for
adaptive equalizer. The proposed adaptive algorithm is used to improved receiver signal quality such
as QAM signal. The new constant modulus algorithm gives good performance and fast convergence
rate, when used to compensate the distortion signal. Computer simulation results show the
effectiveness of the proposed algorithm.

1 Introduction

In digital communication, due to frequency selective filtering, echoes and dispersive
nature of transmission channels, a common problem of intersymbol interference ariscs
whereby detection of a certain symbol is hindered by symbols sent before or later.
Equalizer are systems possessing inverse characteristics relative to channel and arc
supposed to correct these distortion [1-6]. In communication systems employing high
bandwidth efficiency QAM signalling, the constant modulus algorithm (CMA) based FIR
equalizer is a popular blind equalization scheme [2,3,5]. Because of its robustness and
easily implemented. The signd error version of CMA (SE-CMA) which is motivated by a
further reduction in the computation complexity of the equalizer coefficient update. This
paper proposed a new adaptive equalizer to improved the performances.

2 Background and the proposed algorithm

Consider the baseband model of a digital communication channel characterized by 2
symbol space FIR filter and.an additive Gaussian white noise source. Specifically, the
received signal at sample & is given by

r(k) =Elc-,s(k—i)+v(k) m
i=0

where m is the length of the channel impulse response, C; is the channel taps, the symbol
sequence s(K) is independently identically distributed, and v(k) is a gaussian white
noise.

A symbol-space equalizer is employed, which has an FIR structure defined by:

n-|
y(k)= Y wir(k =)= wr(k) (2)
1={)
where nis the equalizer order, w(k)is the cqualizer weight vector and r(k)is the

equalizer input vector,

320

85




321
2.1 The constant modulus algorithm CMA)
The CMA adjusts the equalizer weights by minimising
T 2
Tema (w) = Eﬁy(k)l —vﬂ o

Using the stochastic gradient descent approach to optimize the CMA cost function,
where Y is real positive constant defined by:

y=E|st)’ Js Eis(k)ﬂ @)

The CMA updating equalization is given by
w(k +1)=w(k)+p=e(k)*r (k) (5)

where |Lis a step-size and r’(k)is the complex conjugate of r(k). And e(k) is the

crror function can be expressed as:

e(k) = y(k)(y —|y(k)12) 6)

2.2 The signed-error version of CMA (SE-CMA)[4]

The signed error version of CMA (SE-CMA) updating equalization is defined as

ek +1) =c(k) + = (r" (k) * sgn(e(k)) (7)
2.3 The new constant modulus algorithm

In order to reduce the computational complexity of the cqualizer coefficient update, to
improved the convergence rate and noisc robustness propertics. We used the new sign
algorithm modified the equalizer update equalization of CMA by retaining only the sign
of the input vector function. Using the standard definition of the sign function for a real
valued areument. Eq.(5) can be modified of yicld the new equalizer update equation, is
viven by

c(k + 1) =c(k) + p = san(r’ (k) =e(k) (8)

where f4 15 a step-size parameter
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3 Simulation results

In this section, the performance of the new algorithm tested by the input signal of 16
QAM digital communication additive noise. Fig. 1 shows the comparison of convergence
rate of the equalizers with step-size parameter L= 0.001. Fig. 2 shows the equalizer
output signal constellations after convergence of the three algorithms.

From Fig.1 and Fig.2, it is seen that the proposed adaptive algorithm performs much
better performance than the previous one.
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Fig. 1 Comparison of convergence performance by: CMA, SE-CMA and new algorithm.
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Fig. 2 Equalizer output signal constellation after convergence (a) the CMA, (b) the SE-

CMA and (c) the new algorithm

4 Conclusions

This paper, we have proposed a new algorithm for adaptive blind equalizer, From the
result has conformed that the proposed blind equalizer slightly outperform the CMA and
SE-CMA. And also reduce the distortion signalling in the systems.
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A NEW ALGORITHM OF ADAPTIVE IIR NOTCH FILTER FOR THE DETECTION OF SINUSOIDS

Pornpimon Tupchai, Chawalit Benjangkaprasert, Ornlarp Sangaroon, Kanok Janchitrapongvej

Research Center for Communications and Information Technology (ReCCIT), and
Department of Information Engineering, Faculty of Engineering,
King Monglkut's Institute of Technology Ladkrabang, Bangkok 10520, Thailand.
Email: p_tupchai@hotmail.com, kbchawal@kmitl.ac.th

ABSTRACT

This paper aims to improved the convergence speed,
steady-state mean square error and variance of the filter
coefficient. The proposed adaptive algorithm is for a
second-order adaptive IIR notch filter based on gradient
algorithm. The simulation results shown that the proposed
algorithm provides fast convergence speed, and have low
steady-state mean square error and low variance of filter
coeflicient.

1 INTRODUCTION

_Adaptive IIR notch filters are very useful in various
signal processing applications such as the retreval of
sinusoids in noise, eliminating sinusoidal power line
disturbance in a measurement signal. For example of
applications are in communications, sonar, radar,
biomedical engineering and others [1-8).

There are many types of algorithm for adaptive IIR
notch filter developed in the literature [1)-[8]. For adaptive
algorithm analysis, the best adaptive algorithm requires fast
convergence speed, low variance, unbias and low steady-
state mean square error (MSE) in both low and high signal
to noise ratio (SNR) situation. In this paper, we are
interested two adaptive algorithms. The first one is the new
memoryless nonlinear gradient algorithm (MNG) (7], This
algorithm works well but the performance of convergence
speed is low, when the algorithm is far from the optimum.

The second one is the fast convergence and robust
algorithm (FCR) (8], This algorithm have the fast
convergence speed and less computational complexity than
the MNG algorithm but have a high vanance of filter
coefficient.

This paper presents the new algorithm for a second-
order adaptive 1IR notch filter. This adaptive algorithm is
the modified version of the MNG algorithm and the FCR
algorithm. The proposed algorithm provides fast
convergence rate, and reduce the MSE and have low
variance of filter coefficients, when compared with the
other algorithms that mentioned in above. In application,

0-7803-7690-0/02/517.00 ©2002 11:L: I
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we used the algorithm to cancelling 50-Hz power line
interference in the recording of the electrocardiograms
signal. It gives a good performance of cancellation of 50-
Hz ’interference. The simulation results for several
situations are tested by using the computer programs shows
that the proposed algorithm is consistent.

2 THE PREVIOUS ALGORITHMS AND THE
PROPOSED ALGORITHM

Consider a noisy sinusoidal with unknown frequency
@,, ¢ that
distributed between 0 and 27z that is

amplitude A4, and phase is uniformly

x(n)= Acos((oon+¢)+-v(n) (n

where v(n) is the zero-mean white noise or impulse noise.

The transfer function of an adaptive IIR notch filter
with constrained poles and zeros [2] applied by input signal
x(n) in Eq. (1) that is used to estimate the unknown
frequency in background noise can be expressed as follows

1+a(n)z™ +z7?

H{z) = @)

1+pa(n)z™ +piz?

where a(n) is the filter coefficient will be estimated by an

adaptive algorithm, and should converge to —2cos(w,) to

reject a sinusoidal with frequency ,, P is the pole

construction factor should be close but less than unity to

ensure the stability of the filter. The larger the pole radius
P is, the narrower the bandwidth of the 1IR notch filter. It

should be note that the new algorithm to be proposed below
can also be modified to other IIR notch filters used in [5]-
[6]. The output signal and gradient signal of the second-
order IR notch filter are as follows



y(n)y=x(n)+a(n)x(n—1)+x(n-2)

, 3)
—pa(n)y(n—-1)-p°y(n-2)

g(n) = x(n=1)—py(n-1) “
The existing gradient-based adaptive algorithms :

In this section, we will consider the previous
algorithms and then the proposed algorithm. The MNG

algorithm wused to update the filter coefficient is
respectively shown as follows
n
a(n+1) = a(r)—jt- y(n) —ELL__ (50
I+p-g(n)
n
a(n+)=a(m)—p- ym) - —E__ e>y (s
I+€-g(n)
where [L is the step-size parameter and € is a user

parameter that is independent of the step-size parameter [L
and is chosen to achieve better performance.

The FCR algorithm used 1o update the filter
coefficient shown as follows
g(n)
a(n+1) =a(n)-p-semfy(n)}—==— (g
e+[g(n)|

where sgn(-) is the sign operator, [l is the step-size
parameter, and e i1s a constant number used to prevent

divided by zeros.

This paper, we have proposed the fast convergence
speed and low steady-state MSE adaptive algorithm, The
proposed algorithm is modified version of the MNG and
the FCR algorithms. Thus, the presented aigorithm use to
update the filter coefficient can be expressed as follow's

AR (et g(n)
a(n+1)=a(n)—p- y(n) S@{(Hg(”))} ™

The properties of the algorithm will be confirmed by
extensive simulation in the next section.

3 SIMULATION RESULTS
3.1 Sinusoidal estimation in Gaussian white noise
In this first section, we will performs the simulation

results of the proposed algorithm compared with the
another existing adaptive algorithms. The test condition are
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SNR = 10 dB, 4= I, € = 0.08, ¢ = 0.1,p=0.9,
a,=-1.5(w, =cos™'(—a, /2)) and with the same
step-size parameter value 0.02, respectively.

Fig. 1 shows the estimated filter coefficient “a(n)”

results derived from the MNG (Eq.(52) and Eq.(5b)), the
FCR (Eq.(6)) and the proposed algorithms. It is eviden:
from this figure that the proposed algorithm performs fast
convergence rate more than the other two algorithms, also
less in a cornputation and low variance the coefficient filter.

0.2 . -

- MNG(a)

— Proposed

Filtar conlficiant a(n)

n s : i L L L
600 800 1000 1200 1400 1600 1800 2000
Humbar of Herations (n)

L i
0 200 400

Fig. | A comparison of convergence speed of : the MNG (5a) and (5b),
the FCR (6) and the proposed algorithms in Gaussian noise environment.

In Fig. 2 shows an estimated steady-state MSE results
derived from the MNG’ s, the FCR and.proposed
algorithms at the same step-size parameter value. The
proposed algorithm have higher convergence speed and
have low steady-state mean square better than the MNG' s
and the FCR algorithms.
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Fig. 2 Comparison of an estimated steady-state MSE of the MNG” s, the
FCR and the proposed algonthms with 50 computer runs.
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Fig. 3 Comparison of convergence rate of : the MNG' s, the FCR and the
proposed algorithm at the same MSE.

The result in Fig. 3 shows the same steady-state MSE
of the MNG’ s, the FCR and the proposed algorithms. We
found that the proposed algorithm have the fast
convergence speed better than the previous algorithms. The
proposed algorithm needs the computation less than the
others algorithms. Thus, we states that this proposed
algorithm is superior algorithm.

3.2 50Hz interference canceling in ECG signal

The method used to reducing 50-Hz interference in
ECG signal is adaptive IIR notch filter. Fig. 4(a) show an
ECG waveform with excessive amount of 50-Hz
interference. Fig. 4(b), 4(c) and 4(d) show the output signal
from an ANF employing the MNG’ s, the FCR and the
proposed algorithm with the same step-size parameter
value 0.02, respectively. It is seen that the proposed
algorithm given good results in ECG signal.
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Fig. 4 Canceling 50-Hz power line interference in electrocardiography
(2) ECG waveform with 50-Hz interference. (b), (c) and (d) are output
signal of adaptive notch filter employing the MNG™ s, the FCR and the
proposed algorithm at the same step-size parameter .



4 CONCLUSION

In this paper, we have successfully achieved ‘he

objective of the attractive adaptive algorithm that provided
fast convergence speed, and lowest complexity, and have
low steady-state mean square error and low variance of
filter coefficient when compared with other algorithms
which are mentioned in this paper. However, the speed and
accuracy of the proposed algorithm are better than that the
previous algorithms.
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