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ABSTRACT

This thesis presence a scheme of parallel interference cancellers (PICs) in DS/CDMA system,
which included a set of narrowband interference (NBI) cancellation filters and a set of multiple access
interference (MAI) cancellation filters, is developed by adaptive lattice step-size algorithm to
improve the system performance. Considering synchronous system transmitting over an AWGN
channel. For practical consideration, an initial decision is made by the NBI cancellation filter which is
proposed by variable step-size adaptive lattice notch filter, and the result is then passed through the
MAI cancellation filter that established by blind adaptive lattice joint process estimator to make a
final decision. Adaptive lattice filter is advantage due to its modular and it provided high
convergence speed and easily to consider the stabilization. The robust step-size algorithm is flexible
control of misadjustment of adaptation process in noise disturbance that enhances the performance of
adaptive filter algorithm. The advantage of blind adaptive algorithm is that it demand no training
sequence, so that the bandwidth utilization is more efficiency. The simulation results show that the
comparison of the proposed algorithm with adaptive least mean square algorithm. The proposed

algorithm improved the performance of the receiver in DS/CDMA system.
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191 IR 92111083 UuUVYeINaABDTUDIBUNAT (Impulse Response) UBIFHINTDIAIINA
PO . @ ad g o :
TuuneNin Recursive vzmuneia Aansesnnudiignadieiuediels dnseennuduuy
y . vy a4 W oow = g
FIR 9zem150a519Tuguuuves Recursive 18d28 lusmzifoanudinsesnnnuduuy IR A
veunsoas1alugluuy Nonrecursive Amiloudu
] a W & = da 19 [ AL =1
iennudzaInIzlnmAInsosnNuinuSnesadeduilandumolou  wnie
d o o w =3
HaNFUve952 VY (System Function) Hariduueaszuunfion1sulad z (z-Transform) vodna
a o d Y - d o J ' 1 .
apUAUBIBNNadYeIdINTaInNud  Tasilanduvesszuuiiazeylugliudin  (Rational

. ar - { o o <
Function) a1l z' seuumuaumsh (2.3) sxiilanguvesszuumiu ldauauns Ao



M
Zbkz'k
H(z)=—""— (2.4)
1+Za,‘z"‘
k=

= o y a a3 o = v
MnaumMsn 2.4) Srimualiiteu lusuduiugud wwamsadonindla fe

M

H(l ~Bz™)
H(z)=G 2 (2.5)

N

H(l _akz_l)

k=1

= IS ar = 1A ] ot dl s
510 (Roots) Y04 Iwd lulivaduay B, FunNE15ve9AIn309AUD 11ALIINVEIAI
' ~ ' o & A = o o sy
dau o, Goad Twa uag ¢ Wudasimsvne Falianed Taomaly SiuauvesdlsuazIna
4 o s v o d v 4
wAUNUANUADIN VoI 1FU $1UIUBUAUN N (Order N) ¥BIAINTDINMNAUVY TIR 22
w1 ldnndausinves Inafegluszuiy z NAAA (Finite z— Plane)
fansoennudniianuily Faudu luusamnat (Linear Time-Invariance : LTI) 9]
wa d a w da Voo o o ' @
auauiatlunewea (Causal) MwansuaueduiadiawINUgUiEe » < 0 APt dYY U
" &4 4w = @ = :
awavasiInTesanudfiiluneseasslusudmsidygiudunailogiuuazlueda v
3 o o a a o o a A
i Mdmudyanaduneiisuiiugud xm) = 0 s n < 0 wazATNAUYRI Y1) = y(-2)
0 q Yo a o P = a wa d
= ... =y (-N) = 0 s lvmnsesnnudnuuSmesaauanmsn (2.3) Inuanintlunowe
[=f ar A A o ar oq 3/ - =
a anuiluneweavosiinsosvesnnud danudgnlumsdszgadldanu Anannsa
] b
(real time) 03A157N (Tick) vosdaanauiiniee ladeg190una 1 Motanmiudinges
P kY 9 @ ) L4 ar 1 3 a 9/ 1
anudzdesasaieiaveaodneeenut 1 @edwdn  (lunnwiueezdes il
FYYIUIUNANOUIIAT n = 0 LHUDY)
¥ o 2 2 A o & o = oA s A
YoNI5A1H9DIDNOUNTIIV0IRINTBINNUDUVY TIR AAD ANUTIADUININ (Stable)
Y w 1 - ] = o Yo w o o a -; L] 1
a1720019nNA liiafiosnIn  (unstable) sz lddAvvesdyanaueIANANLAILE1S 1T
a = a ) é = L2 lﬂ‘. é’ ' oas
youln Mdyradunaiindlouldey Fuadusnnuerinsvswmnuduuy IR wwiusgiv
© [] o ar s r.‘i ::: wa
fumialwavesilatduszuuluszuy z @anseannuduuy IR Anmauiaiiu causal LTI

= = ' Y é 1 o T r
sefiafosnm da waiullmmdenls | o <1 FemneanuhdumisTnayndes

9 1 £ 1 ‘ . <
mawgimaﬂauwuwmﬂ (unit circle) YHTEUIY z HUIDI

2.6 Mmnseennudnuvezualin (Adaptive Filter)

o a P Y g a =] '
ﬁ?ﬂ'5fNﬂTllJﬂH"LlU@ﬁuﬂﬂﬂﬂqﬂﬁnnﬂluUﬂu1ﬂlﬂu@U’l\“]l]”lﬂiﬂ*ﬂullizlfja

Y tHd ]
HadYgIMATABALAYIZUUAIUAN Nalmsizanumusadiuilasuguanyme
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% e o_ o v 9/ o Ao 9 v Y s P
(Characteristics) V3z$1avosszuuliaoandesdudyaraunivdunlddsdues das
o v @ iAW : . & o A a
ansamemiudyauiiidnuasulsilfounnm (Nonstationary) Fuiludayguiida
3 _ a way s { 0’: =) s =1
Fuaselumalfia Minsesnuduvvesualfiviiviidesyiia fie Mnsosezuadiviuy
ar = ar = 1 1 o’: 3 :iv 1 1
FIR tazuuy TIR fansesozualfiniuy FIR axdSumwied Tsmniu natiwsz 1l Twa dau
¥
fansosozuaNWuu IR zSunedls uaz Inalunauduinu aansesezuainwuuy FIR
' "o o 9 Ay a v q 9 ' w ¥ =
daulngingminnldluszuvidesmsiatssnmgs dnlylumsdszinaumdygruveyai
3/ y a = 9 o s/ ' a
Foamsnnugndoage Mnsesezualfivuuy IR dgminnlsnude 9 unudinieses
P a 3o @
uanfivuuy FIR Teomwizluanuidel4dinsoany FIR doelddmiusuay (order) 110
Taolsuilu Wendvumldsinsesuy IR udrszaunsaanduauasla Tashaussousds
a ' d w { v .
auay agnelsfay dansesnnudozuadivuuy IR 159831910 Direct-Form vziidoidy
y a a ar
11509 Finite-Precision Effect ¢ MIUATIEHHUADUTAINUDIAINTGDY  (Complexity of
e o 5 v y o 9 g/ ' '
Stability Monitoring) 91nderduiiies Mldimsduminseadelng 9 wu  Tassaduny
a a Pt o ¢ =
Lattice 4aztuY Parallel Tuineiinwusil Idszgndldozunlinlames Tassadrauandia

lé 1 Ll r
a0z ldnaree 1 lunmends

b4 L =; =
2.6.1 Iﬂ 5\1E’fﬂﬁﬁlﬂdﬂ?ﬂiﬁ\iﬂinlﬂf')%!!.G]'ij‘nﬂu‘ll'll ITR

517 22  waasdusenoulassadrana lvesdinsesnnudezuadinuuy

G

a =)

- a o o A ar Y
IR Taslidgyanadunn Ao x (n) uazduIuoInne Ao y(n) 131l duna'ldn o
y a dl. c: . 4 2, s s
UsznaudedInsoanNuILUVIAsuaIuNAY (Time-Varying Filter) IASAMANHMSUBIAT
o = o s M o a s o
ﬂ'sm%zg}ﬂmﬂuﬂﬁ’wmimmas ®(n) uag Recursive Algorithm T¥dmsudsy ®O(n) UM

Wy wdwa y (n) Indifvsiu d () naiiga fedamsiiliiszgndldam

)C(n) Time-Varying . y(n)
IIR Filter, @(n)

@ =
waAIAaglin 2.3

e(n) Prediction Error

Recursive

Algorithm

T Desired Response d(n)

s 2.2 dawdsznouvesiinsesnnutesualiviioy IR
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Additive Noise ,w(n)

Unknown vn @ d(n)
Y —

system +
x(n)
Adaptive IR | y(n) 5
Filter e(n)

510 23 msUszgndldauiient System Identification

o . . g i a Sl 1 '
[{1M57i1 System Identification 1i® @ Ao W151wosH lins 1w uaz d (n) Ao

o Ao y:{ o & o 9 o
wanuiialdmodyavesszuy  dalaoma llizgnsuniuaindyanusuniu - w(n)
o s a8 =1 o Y1 a IS ; c;. & Y
IRE) ﬂ‘iﬁﬁﬂﬂﬂ]ﬂﬂﬂﬁﬂ@‘i‘ﬂﬂ Ao WU']U'INTIﬂﬂﬂ’iNﬂWﬂ'Iﬂ e (n) HUMAINEA %Qt':l']uﬁﬁﬂﬂ'l'i
i! o

§1u‘ummim Prediction Error (PE) UTdﬂNLiUﬂ’.}‘I Estimation Error mmﬂuﬂ%mu ﬁﬁl

€

e(ny=dm)-y(n) (2.6)

doaadu (Criterion) nitouls fe ﬂ‘ﬁ Mean Square Error (MSE) YoaauMIhn (2.6)

4 o Y a A
“]f\?ﬂ‘lﬂ“ﬂhlﬂﬂflﬂuﬂ"ﬁ B
£=E () @

dlo £} fedmmman3amada (Statistical Expectation) Iagw1siimes @z
9nUFuAIu Sane3AuNY Stochastic Gradient M358 §aNB3TINUBI Gauss-Newton LeNNINTBs
Ty Bﬁﬂﬁuﬂmwu’ﬂﬂ A9 I5M5V049 Least Square (LS) 150 Recursive Least Square (RLS)

Tﬂuwugmum Sy aNsaadduNIsAAAWAIA (Equation Error) 107 Prediction
Error MA@@alUuf® 35 Equation Error 118235 Output Error 183513 ﬁuﬂsxﬁwfﬁgﬂﬁau
NAVVBIAINTBI IR v2gnifulugiuuy FIR (All-Zero) mmfuwgﬂﬁ'ﬂaaﬂ (Copy) 1¥fiudn
nsesfiaes Feazadralugilves IR Ffu all-pole Fomshi szimlidansesezualivl IR 3

ey é | L o = 4 s ey ¥
aaeutinidlu FIR Fadwdemsinnudhla uagdinsizdiiomaussouzuesiinges uaint

=

~ o a L& . a 4 ' aad 3 W a &
wildode Ao 0191195 5mes ®@ e bias thavuld daudinaeaiu duilszansilou

(% ar A I o = 1 i 1 o
nduzgnUsulugiuuy recursive pole-zero dlivlvifind bias udvzinld ozuayivl
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o a 1 [ . o N a ' A a o
Fano3fu gidngyn Local Minimum v83 & Ml @ Aalnindfidesms wazmsdnaey

wa L) o 9 ar 3 d.. 1 9/ & 1 ] &
ﬂmﬁi\mﬂﬂﬁgﬁﬂﬂm’lﬂﬂmﬂ FUU INNADTIN %smmsaﬂnemﬂﬂﬂmwm

Y a8 @ o o

= A A ' A ) a1 =
‘U’E]ﬂﬂﬂﬂsllﬁ)ﬁﬂ’:lﬂimﬂzuﬂﬂﬂﬂ IIR NiMUDNI1 FIR fAD “31“ﬁn55ﬂu3ﬂﬂ?1 FIR ©

@ A t:i

o o 1w i o o 4 a
Suusudumdy uaznawaouldnddfe dyanauerdinaiigniloundy szadrawaney

o au

1
o o o e a

1 ar = v g 1 @ o = o dy
avewadyanuduiadnimiueiud  Nedwandulsz@ndiadine  wenuniiee
d‘ 9 = a a 1 4‘1 9 o
11150152 aNan o UAUDIANUANYD ldotalidsedninimuinni Welddaynm
o as'qo’: 1 4 ar °
HANnTzURTa e uazdls uay  lesnindinsesesuadii TR 1dHwon

E
Qs

Fulseanirioond FIR wiilumal¥aaanududoulumsdmanald daiulumsiszund

A

1 L) at = J
ldunate q ot Seium ldaansesezualinuuy IR uny FIR 110y

2.6.2 Equation-Error Adaptive IIR filter
a as = dl. é o
#nsandinsosozualiivl IR 1DY Equation — Error Tu3df 2.4 dstmualadan

AUNIHAAIILUY Nonrecursive 71D

Yon) =S a, () (n —m)+ 3 b, (1)x (n —m) (2.8)

m -1

x(n W .. B—
B(n,q) 1+ A(n,q) —> Yo(n)
eights
A(n,q)
ye(n)
d (n) Equation Error

510 2.4 Equation — Error adaptive IR filter

qi

e f{a, (n),b, (n)} Ao duilszAniiezgnlsy wazduansy e vonldnsumn

o :? o { 1
imml,mmmmﬂwm Equation-Error Formulation dunaaumsn (2.8) wun wwlszneu

ﬁ:u
@ a w o o [ a & 3 Vo a
Mudyanadunyaesdyans uazdyiueNadyauRr) devuegiudyguduye

Tuofin x(n —m),m =0,., M -1 uazdyauidesms d(n —m),m =0,..,N -1
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v 3 lg o W o = o u,.: = ]1 =) ‘ﬂ a o 9
MUY i}:"lmunumyiymxmmgm y(n-m) lueda auiu aluimsiloundy il
Fuanauodne tanudufuduiy dulszinivesiinses shldhdensdumyadiga

¥ v ¥ '
YoINUAIMAANAIA NOYUUNUFIUYDY Gradient (Gradient-Based Algorithm) 1184910 d (1)
] o o as a s o Y o w  d . :
{5 H x(n)”lmﬂu‘ﬁaﬂwmmﬂuﬂ'jzﬁwﬁmmmﬂim m‘lﬂmimauwu'ﬁ (Derivative) 494
] ‘2{ 1 o
y, (n) Wendudulszans Tdaelumsdmom

4 i [ o as Y
ennuazaln wi@ouaunsh (2.8) Tugivesdyanyalvod Delay — Operator f31)

)
y.(n)=A(m,q)d(n)+B(n,q)x(n) (2.9)
iile
N-1
A(n,q) =Y a,(n)g™" (2.10a)
m =]
Lag
M-1
B(n,q)=>b,(n)g™" (2.10b)
m=0
) = " A 9 P [
LAUNAUNUIT NITIIVVDN A(n ,Q) WIIIUAUN m = 1 HUIWAITUIN

13’ s 1 =y = J 3 ..3 o é 1
A(n,q)d (n) wdudvmluednves d Ao d(n —m)mniulidudy d (n) adlua

-1

flogrfu @y n venlinswhdudseansiamsasuaiunat uaz ¢ ' 1 delay operator

v
s

WA ¢ "x(n) =x(n —m) SuMu q #2 z aumsi (2.10) wameiumsudas z &

= 1

= ‘5( L 1 i 1 3 %
auyAndudszaninnduiludnd Tidudune fe a, (n) > a, waz b, (n) > b,
v

ed

W A(n,q) = A(z) waz B(n,q) = B(z) jluvuasna1n szawisaldnm #15 ves

a

I3 d' Y w T 1 s l:; w _ Q{ ar 1 3 ]
fnsosozualnv narla ) ulﬂ AIDUNIYU ‘H‘fNi]'Iﬂ“ﬂﬁl]ﬂ'iSﬁ?’l‘ﬁgﬂﬂiﬁllﬂﬁﬁiﬂiﬂuﬂxﬂﬂu

@ ar

H _y Q( LY

fzdmnendullszdnt {a, (n)} 1¥AU Inverse Filter 9¢nanoiilu Twavos Inverse Filter
é o Y o (] = 9/ 1 A 1

Fao1uh 1aansos liadesnim dmnIwasguenienaunilamiteluszuny 2

AUNTAIARANAIA (Equation Error) MHUA IAMNaums Ao
e,(n)y=d@m)-y,(n) (2.11)

] ¥
NS varuifimen iWuraduIauMIHaAIToeaNn1TAD [1-A(n,q)ld(n)

4
=)

' ¥
uaz [B(n,q)lx(n) lavh e, (n) HwwdluFadurudulsednivesiinses Teviliem
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ar & é = e'
Mean-Square Equation Error (MSEE) ﬂmmi'fluﬁaﬁmmmu Quadratic ¥392UYANIYA (Global
Minimum) eagaidod uazld aussouzmioududinsesezuaAviiuy FIR aumsh (2.8)

Ed
awnsooulioglugziued Inner Product A3t Aiv

V.(n)=0"(n)d,(n) (2.12)

Gn ) =[a; ),y 1,8 ) 550 s Digsln )Y (2:13)

Lae
O, (n)=[d(n -1)d(m =N +1),x (1), x(n —M +1)]  (2.14)

i a 4 @ aa
nnaumsh (2.12) TgUuudiu Linear Regression @eazwunalumieduada (5]
4 a o s {
e ©(n) fie Wslimosngnlszinaiuaz @, (n)  AD Regression  1IniAes  laud
g a a o 1 o
regressor WAUUDAILIINWITUNOTINGIE x (n) uaz d (n) TihuflaiFuves A(n,q) n3o
oo a &8 = 3 o [ =Y o e o Y .; ]
B(n,q) Hoanainumnuie flddmiunusaveininldinesnilvam MSEE diga 1w
Maximum Likelihood [6], Maximum a Posteriori [6], Least Square [7] Iifg Mean-Square Error
a o a [ a =
Criterion  ANATIADANDINUUUY LMS (Least Mean Square) [8] NABOANDINULLL

Recursive Gradient-Decent ﬁcl‘l?’ﬁn’m i'umﬂ'w‘hqmm MSEE

2.6.3 Output — Error Adaptive IIR filter
fnsesozualiv IR 11U Output-Error wamadagalii 2.5 d1l4Taseadrauuy

Y
Direct Form ﬁ]z"lﬁ’ﬂumﬁwamumu Recursive Aail Ao

/

x(m) | _B(1,9)
I A("a@)

> V(1)

d(ﬂ) Output Error

gﬂﬁ 2.5 Qutput Error Adaptive IR Filter
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yo(n)=1\§am (n)y,o(n —1)+A§bm (n)x(n —m) (2.15)

m =l m =0

M 4 o a
ﬂ'lﬂ?f?dﬂ'li“ﬂ (2.15) WU gy ’liulﬂ'IﬂWﬂ:I‘ji]i]lJuu ‘tJUi‘JUﬂ‘]Jﬁ‘CU‘EU'I’CNL'E]WTT!WGIU'Bﬂﬁ

q U o
k4

as =1

yo(n—-m)m =1,.,N -1 frfyﬂunmmmvgwqﬂﬁauﬂauu witlunalfgdvesezualiiv

Ly

s

Y] o e = w9 ‘3‘ A a Yo : o =
DANBINY llﬂT]U“HU“HFJNN"ﬂ‘IJHDJ@LﬂUUﬂUi‘KTﬁ Equation Error 2810 TNNITN (2.15) VYU

[

a1t 4o

_(_B(#,.q)
yo(n)—(I_A( }r( ) (2.16)

uam%uu"lugﬂ Inner Product 719
. =0 (1), (n) 2.17)
Tauit © fimauaunsi 2.13) woznnnosves "ﬁyiym“lu?%ﬁ fio
O,n)=,n -1, yo(n =N +1),x(n),..., x(n =M +1)]' (2.18)

[~ 9 ] o o {I o a T a LT Y] a 4 3 ‘;’
v laganun AYYIUDIANAL uilandunuy iFuduiuwmsidines © il

u o =) J VY, a ar @ 1
mmzﬁm‘,ﬂpmmmvmiuaﬂm yoln —k) w03 @, YUNUANTZaNTU0IAINITBIAINOU

=

Y A . o ' . X 1 A Y
HUIMNHIUUT A9UUTUNITN (5.12) 5]311]1{]'” Linear Regression “ﬂ%guiﬂuﬂﬂlﬂuﬂuﬂvﬁuﬂ'ﬁ

3

# (5.7) 395unaunsh (5.12) 1 Pseudolinear Regression tagluiueaudsany swwawsely

") =8 ad aa d‘t s =) c:-":i.:l:; 9/ 1 =1 o

daneiny  uagdtminadamonuwavesdulszdninangalda  urowziivaeiiney
1 o 1 =1 wa =

ﬁuuﬂﬂanﬂmmuiam:uﬂmﬁuumi‘lu Strictly Positive Real (SPR) [9]

o 14 &
Output Error ﬂzﬂmuﬂ”lﬂmnﬁums o

e,(n)=d(n)—-y,n) (2.19)

=1 s 1 7 v 1 a @ ar n’: o
winuladanud e, (n) duflsdfununliFaduiy © A dafueein 1 Mean-

Square-Output Error (MSOE) Tludanduuuy Quadratic M1iAa Local Minima $112u310

= r “= 1 é LR 1 d‘ ©
wodunaldezunliidanes iugdhgyalaganiiala Tavitligidrgaadigaiiuiesa

q Q

(Global Minima) M1 1¥fwouiia l1a1nndesnis

a

3 o 1 ) é o
aaiy Tumsih ) 1snuszdsudsnerosnalaedianils Ao o190ns 19 cost Hanau

= a ¥ e ow a o @ 9 Y o i - "
ihurudunududse@nivesdinsed 1zaeeldainsosozunnw IR 11U Equation Error Ll



o — 9 =il . A A 19 A o g}g a ¥
fnoud Idazdia1 Bias (ol YUIUTUNIU UADUADNUUY Output Error PRI VATITT LY

=) = _ J 2 o “ 9 il 10 a gy a
AANAIAIAA Local Minima 34 F3fwoun 18 92 luladfneuiuiass

27 esualfindanesnuuUiiug 1MV UNTIABUA (Gradient — Based Adaptive

Algorithm)
iipeaninezunlivdanesiunles iy AansosezualiW IR VY Equation Error
i
wwianuadienasiuednundy dansesesualiivl FIR Tasluenaissede [7] deriu oz
nammzazualindanasnunlddmsuainies szuadAULY IR 1UY Output Equation
b
Error 111114
a fas a . s e
2.7.1 ozunlnvdane 3N Recursive Prediction Error (RPE)
= ar a R o ar or = q’ o 9
pzualfindanesAuuy RPE wiimsusududszans sumln MSOE wea
o ar i 4 o ] 1
Cost Mandu & = E {e2(n)} fimd1qa iile e, fio Output Error Taona Ty sz linsiwmves
¥y :
& nalmazdyananziidnuugiilu Nonstationary dain Juhmsdszuam & yn 9 92

g4 F &, [ A
ITNNUUYU "lfxilﬂ'l?iuﬂklﬂﬂdﬁllﬂ'l'i e
E(n) =eq(n) (2.20)

o ) 1 o [ ¥ o ) a @ P )
mu"l?’fmﬂ'nmiﬂszmwuﬁi]:m“lﬁ’ﬁuﬂssff‘nwmmﬂsaamﬂﬁﬂgﬂgmsumu
A . :
991N 3U52UIU (noisy estimates)
o a2 o Y [ a a
AN NUULY RPE 929101515 uduisedns G)(n)“luﬂﬁmq negative gradient Y94

E(n) fmualanaauns Ao

_ 1 9&n) _ dey(n) 9y, (n)
Volé(n)] = 2 300) eo(n)—a(a(n) __80(")—86)(71) (2.21)
o
670(”)= ayo(”) 570(1’1) ayo(”) 670(”) (2.22)
80(n) | 8a,(n)” day,(n) dby(n) " Bb, (n)|
MM (2.17) 1218
Volre(n)] = V[@'(n)D,(n)] (2.23)

[~ = 1
&1 o fludaszan © udqrezldn

Volroe(n)] = @,(n) (2.24)



difnvoasanay” WI2oOUAAINIANTZII -

1 4 1 A J’ ar ar _ ‘:\J r
uAileann @, dszreudiem  y, lueds deeziunudulszanivesiinies
2 o 9/ o ' A 3 o 9y v Ao aa '
Jhldmsiamamaunsh - 224 dwihldnnudeiTimsdssnainGend
= R i 3o x P o & [ s A
Pseudolinear Regression Algorithm 11 luaunisi 2.24) 18 Fevznandaly die
143 [ i
o w o w P=1 =1 a
MmmsneyRusedestavesaunms (215 disudy  a, (n) lavh b, (n) uaz

x (n —m)Wudaszan a, (n) 1ldn

N-l _
M:yo(n _k)_i_Zam(n)M (2.253)
Oa,(n) o oa, (n)
luieafvaiu iehmsmeyiusifivudu b, (n) w14
N-l a _
ﬂﬁ@l:xom-w)+§pmm)lig—ﬁﬂ (2.25b)
=]

b, (n) b (n)

a a1 2 - a J I s P
ayWusgoomnidelugumsi (2.25) HATUNIIEN MNTINAUMTH (2.15)
Y o ' J o a a = v da v
fimsfleundy Mldimdnanoundhiududulssdnsneunthdle uazszfeamusium lu
ar [ Y [ ar [ o o P
Hagtiudae seiiul)ludasasisusunszuaumsdin dunah maheyiusawaunish
S @ W a a0 @ & " ;
(2.25) wiiivufiudulszdngailiniufo o, (n) uez b, (n) Flidugiuuuves recursive
' - [ Y 2 Y ] ' =1 o
dural?liansodou MWeglugduesdanses dalddmianls edlsiaw draaylad
. 4 g = saq Yo @ o o =1 o .
(step size () Fudumnimesn g msusmuasnsnnus lun5i19uYee Gradient-
/=1 =1 o @ o a '
Based Algorithm) fvwiadnwe yildmsdsududszaniidulletnedr o udrzamsn

Uszauna'lan
O(n) = Bl =1 my.nry = Bl =N +1) (2.26)

4 oA w a wa P P '
Famsszanausuil i lU1FAulumal§ia Taomwizlunsdin N lanios oo
g 1 dy 1 a ar o a oo o
I3y msvszunausuiioe luduneensy dwihlddsz@nsammaiiauves RPE aang

A @ 9 a wa |1 [ [ u’)‘ o 1 ' ;d
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B5lB) o k)2 T a ) [ L ) e ’
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Lo
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" o a o o o 4
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v
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o &Y o =
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; 1-A(n,q) 1- A(n,q)
z ; Tyginsieudamsy bm (n) i Yonainsifeuddmsy a, (n)

r L ol (—
1=A(ng)| ¢, (1) ,_I__M_ l‘fi)f,,,ﬂ,“l(n)
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x(n—M +1) Yo(n—N +1 :
A

Fuilszaniozinaonain
@ - 3
AnseanziaUiva L
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. zZ . Y (f -~ 1)
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X, (n) =) A4 sin(o,n +6,) +w(n) (2.34)
k=1

A = a & A A A U= v
ile 4, fevinavesdyanuniumnidin k, o, ie anwdn hinswmiineglu

$19 [0,7],6, fowa Wudulsqu Alauani@idu UD (Independent, Identically

Distribution) Hian¥aue Pdf 1futuy Uniform Smeglugne [0,27] uaz w (n) fie doyanm

an - @ P a ~{ a {
sunau Tasauudd Wudasznndaanuanod Feezavudldidudyyindeyanud

anlanfuudaderinuyesdygianiidyanausunumddounuuu  agissasnidents

o g

o

A 9 = 6’4’ [ a as dyy v
flo doamsnnuanid o, wazsdadyanuanoidialy ndwniinsaniannudlduds 4,
uag 6, wildwmilounudygnuiniedudmnyszms (lugauad)
Y a w d d'l = (- = Y
drinnsandyanumniifivenauder uazhififyyasuniudu wwdouldad
-
Aums fe
x(n)=sin(wn +0) (2.35)
% 9

o w g y A
UAZITTTONININTY Autocorrelation YB3 x(n) 1aasil Ao

o (m) =E{x(n)x(n —m)}

2z

Isin(w,n + @) sinfw,(n —m) +0]do

2% ;
_ cos( w,m ) (2.36)
— z
1 o a 1 s 3 a =
ﬁﬁuﬂQﬂ‘l)’lJﬂ’J']llﬁu'II.L‘L!uﬁlﬂﬂﬂimlﬁﬂﬁqﬂﬂﬂﬁnﬂﬁﬂ (2.37)
P ()= D r, (m)e™”
m=-xa
_d(@-0)+i(o+o) (237

2

13/® Dirac Delta Function & () Qﬂﬁﬂ’liﬁﬂﬂ Kernal Property R

L [5@-0,)(")do=f(") (2.38)
2x -
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1 1 o 3’ ! t:ir o $ ar LY
Taofi £ (e’) wdoagnimuaiunouiiszimstloudyanaluaumsi 2.34) Tiduda

g g

Y o o o &
n599 H(z) 12 1ada1sue1annninaIngesnuauns Ao

y(n)=H(z)[x(n)+w(n)] (2.39)

' o o =

f1 Variance UD4 iUuﬂJu'lfuLE]'lﬁﬂﬂiJﬂ’lﬂ’liJﬁilﬂﬁ ﬁﬂ
N
k=

E{y*(n)} = Z[% [s=0|H(" ) dco} + i [ Pe|H(e" )| do (2.40)

1

A
D

P, (z)= iE wmwmn-m)iz™* (2.41)

aumsh (2.41) fe Anumuinaaasuvosnszuumsdy [w ()] Teen les@ouay

1391 Variance ﬂjaaﬁ'mumuwmmﬁwﬂiugﬂdﬂ"lﬂf:ﬁa
Ef{y*(n)} =(H(z),H(z)), +(H(z),P,(z)H(z)) (2.42)

1o <,> fiD Inner Product
Pxx

=

4 9 o o ar o 4 i 1
ieldde wimualddyagnadune Wudyaumoisdunoidzluegiv

I UNIUAIANMS A1D
x(n)+w(n) =4 sin(o,n +6,)+w(n) (2.43)
o 9 Y . o o -
wazdmuald y (n) = H(z)[x (n) +w (n)] 9214 Variance voadgynaue1ann Ao

E{y(n)) = A ™) + 21—71_ [ P, )HE™) do (2.44)

v
@ A

a 1 - - [~]
AUVAI HARDUAUBINIIVUIARDANNDUDY H (e /) 1Wluasil A

]H(ef“’) (2.45)

3 {0, 0 =0,ando =-0,

1, otherwise
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cmﬁ‘iuwamauaummwmﬂmammﬁmaammmu‘uuuam‘}f (Notch Filter) luQﬂllﬂFl 231213M 1]
o & oA A = y

ﬁummwumﬂumﬂ'mim"lﬂmmqnmmuwmuuﬂwﬂu 1 A9UNNANUAUAIUN

J [ ) & dyd 1 a o 9
w =T, ﬁmmmu 0% @, WIUNI ANUDUDAY (Notch Frequency) klﬁ%‘ﬂ$]lﬂ']']

E{Wz(”)}: Do =0

(2.46)
Al +E {wz (n)}, otherwise

E{y*(n)} =

s

q’: o . ~ 7 a a o 4
311y 9291 1¥ Output Error Cost Function 9ziiga usadisgaind Tasmsiln o, 1dou

AAnUANND @, H1AINTBIAUAIN (Bandpass Filter) 110AINT0IUDAT IUauMsh (2.45) Aa
L
i fo
l,o =tw
2 . 2 > 0
) =1 -—Hie?™) =
IG( )| P{( ) 0, otherwise (2.47)
o o @ 3 9 A
HasdaIUDIANAVDIRINTDINMUA LA Ao
y(n)=G(z)[x(n)+w(n)] (2.48)

¥
o o o

= = Y o T 4 =fa
PR TYYIUFIUNITY 2FUNAAUD HOADUAUDINNANUDUDY |H(e )

3 [ ¢
iaz |G(e f“’)‘ vudulendunuy lideies (lugauad) uazifiosnniz liannsnld
o ar 1 9 @ al 9 o 3 1 ~ ° kY 1
Handunuuiayau adeainsesdugaundla aviuneunszianudileir  szawse
o = o w 1 [ 3 3
Mmsyszmnawanouausiniannud sefsniuuuueedu et s luduusnazdes
o iw = v w dw = ' @ 1
WA H(e’”) Tanuduiusiunanouduenudued stable, causal filter AOU AIRI0619
ao 111l fio
Y 1 1:? =4 J P
Aavgetiszuaasliiiiud 92ada Stable, Cuasal Function H(z) nlfnaneueues
neanuddiuunuuend Tdedals dvanuilu causal vlvawnsodou H(z) Tugives
Yo dydl
aynsu Il fe
H(z)=hy+hz" +hz? +., [z|>1 (2.49)

3

= ci 9/ = 4:; A A
EDUTNINUDITUNITN (2.46) Tf‘i'}'lﬂi]'lﬂﬂ'l‘i“v\ﬁ)’]iﬂl’m L, Norm 34 D

ihz(m) < (2.50)

m =0

o a w a A
VINANUTUNUTVUDY Parseval ﬁ?UﬂUﬂfﬂﬂJQS\iﬁ'}T
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da =1 2.51)

Sy =5 L)

m =0

e a g a o o a = dao
“]Ni]5ﬁcjui]5\7ﬂ']W'ﬂﬂﬂ‘Uﬁu'ﬂﬂ“fl’lﬁﬂ'l’ll!ﬂlﬂuﬂﬁfoﬂ'lTﬂ (2.45) LA HIITHUININFUND

-1
H,(z) = exp[%} (2.52)

o o @ = = 1 a £ o =
dmiu 2| > 1 ey (27 +1) Az 7 - 1) aelidmaTuiluan dahld Ho(z) i

i ] '
YOUIUA (Bound) AU BYATUAMUANMST (249) wgidunmiznsdin |z > 1 waneuaues
. H ; oy b
naanuduesdumsn (2.52) M ldlasmsmruald z = pe © Taoh 0 <P <1 9ntiu

4 v
N3 take 2R 11 p — 1 U dmSuNA @ #0 wWun

|HO (e ,w)’ =

W3EN (pe 7 +1) /(pe 7* —1) wggaiuanm e p >1 0 o #0

lim
p > 1Hy(pe’”) =1, @ #0 (2.53)

é 1 1 1 ] =y % 1 A
HILUHDUIN A1 Exponential YD ﬁ?ﬁ%ﬂﬂﬂ']ﬂﬁ 22311 Modulus L‘fluwm

dM5U @ # 0 UM

lim
p—>0p+1->—oo (2.54)
p -1
291U
‘ lim
H,(e’” =p 5> 0hy(p) =exp(—o) =0 (2.55)

v [ 1 '
fuiuHanaUaHDIANND 10T Take AlATIA1 p — 1 92187

0,0 =0;
1, otherwise (2.56)

|H0 (e ™)

Mmsulas z > e 7z wazdhimsdion o, llawsaivesinanluszuiy z A

g @ W = =i 2 1 {
viu Hafdu H, (e *z) i Modulus iflu 1 fioumngauunnaunilaniiie snduil z =e /™

TUAUNIAY 0 AITUNIT AD

Hiz) =H;{z V"5 Hle™z)
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e 7™z 41 e’z +1
= o
g Mz 41 Mz ]
-2 —1
= exp 1z —)1 - (2.57)
1-2cos(wy)z™ +z

NS AATIEHRWIEN 2| > 1 22 1dNanaUaAUBINIIANNAVDITUNTN (2.57) Had

o aa v &
1nNINS take Alla W p —> 1 Ao

lim . _— s
e

1, otherwise (2.58)

1 {1 o o ' o 1
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ﬁ&)zbg)

(2.59)
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— 4
VS z =e ¥ mslands N(z) uaz D(z)
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m m

msfi (@.1) Sedge
Pl = Elf, (m)] (4.1)

1151

fo () = x(n) =21 (n) (4.2)
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A3 (4.2) A0 Forward Prediction Error 81908121931 aumsh (4.1) gnimualasnisuiums
Forward Prediction Error fiaadnnuduwus u 1/# 4.2 uag Forward Prediction dm5udumnm

xm) 1n3aad19dudun m oy lddaums
:’E,ﬂ (n) = Zam,l.x(n -i)= a;xm (n-1) (4.3)
i=1

x(n)

x(n-m)

m,l

41 ueealaseers19ved Forward Predictor

=n.

i

2an

x(n) Mth order

| backward predictor

" @ o d 1 @
gﬂﬁ 4.2 LEAIANUTUNUHTILH I Forward Predictor AU Forward Prediction Error Wam%ﬁ

4,3 Backward Linear Prediction

‘31.]“?] 4.3 Llﬁﬂﬂiﬂ‘i ﬂﬁ%l'lﬂ Backward Linear Predictor Iﬂiﬁﬁ%ﬂﬁﬂﬁﬂ‘ﬁ m ¥ Transversal

U

Filter ffiARBToUNA X, (1) =[x(n) x(n—1.x(r—-m+1)]" waz nawesmdinimin
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= T {18 umsUsznaesunanaii LAZEINIORIMUARIG
g —[gl‘m gz_m....gm’m] f o IOUNA x(n-m) v
F "
qAVIMNAWUMIN g, Zpaeeeromm adaaunsn (4.4)

P, = E[b, (m)] (4.4)
!.ﬁ"ﬂﬁ UN15UY04 Backward Prediction Error ﬁﬂ
b,(n)= x(n—m)—Xx’ (n) (4.5)

] 3
ag ﬁ"]ﬁ?ﬂﬁ]ﬂ?&ﬂ x(n) V93 Backward Prediction Tns9a5190UALN m LidAIASH

m

En(n)=D gnx(n—i+])=g,x,(n-1) (4.6)

i=1

x(n) x(n-1)

gm,] gm.2

forward predictor

l
I
| x(H'I) Mth order
|
I

— — — — — — — — — — — t— — — — — — —

g‘ﬂﬁ 4.4 LLﬁﬂﬂﬂ]THﬁNﬁﬁfﬁzﬂ’iN Backward Predictor N1J Backward Prediction Error
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4.4 lnssadranania
Lattice Predictor Lﬁﬂmﬂmmﬁnﬁuﬁiwdn Forward Predictor it8% Backward
Predictor ﬁauaﬂﬂugﬂﬁ 4.5 nazaumssrianfisuduf m 404 Lattice Prediction Error [2] A3
et
S (W)= f,(n)=x, b, (n-1) 4.7)
b, (m) =5, (M) —x,,, f,(n) (4.8)
o m = 0,12,.... uaxﬁm%’uﬁu’?uﬁ’ué’uﬁuﬁquﬁ Amualdt £ (1) = b,(n) =x(n) wazm

£

< -
duilsedng x,,, MMuafll

_ El/,(mb, (n-1)]

Km+| - Pm (49)
Pm+1 = (] - Kz"”l )Pm (410)
AQ @ Ju(n)
x(rz) > el — —> —
) K, Ky | o Ky, N
by (1) b(n) = by ()

51 4.5 Tnssadrauaniafames

fm(”) -+ m fm-v-}(n)
Km+l(n)

b, () bii(1)

—_— Z—l >

) o i do o o
31]171 4.6 Tmaﬁ%’wuawﬁﬂameﬁauﬂu*ﬂ m
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45 ozualnwilamesinssadrauaniia (Adaptive Lattice Filter)

1 ar

v 9/ ; 1 = =1 =Y :h:: ° r [ a 8L
Tuideiisznanezualivuannadames NN INAUALDANDINVUL L
= ad 1 A o w EY ~ o @ .. S 1 9 a A W a
subpuAtAundemdiaesiooiiae Taofaaues Prediction-Error 3ziiiioungaiioduilseans

409 Predictor g l#iimdiga mdigavesdullss@nt «, dmiulassadndudun m la q

o

11509118 Iao 1 Cost Handuiiasaauns

Em =ELfa(n)+b,(n)] (4.11)

v W 1

d o A ' o ' d { o
Cost ‘Wdﬂ‘huéwn uAUMm ‘LJﬂ‘lJ’n’:lJﬂ‘I‘iﬂWl'l’cIﬂ‘llmelmﬁw.ﬂﬁvlﬁmﬂ Forward Prediction

P/ = E[f}(n)] wazi019nai 1A01n Backward Prediction P! = E[b2 (n)] uazduilszantves

9 m

a 4 a 3 G o o y
Taseadauanfialames «, 1AA91INA1 Forward Prediction 1ag Backward Prediction 39¥i11#en

4 o w 1A =W It 1 oA ar '
MAYNAITDIVDIATNANDIA (Mean Square Error) Y94 Prediction ﬂmmasummmﬂuﬁ"w oz
4

a  a a o 1 @ o af =t =, 1 i o o 1
JLAND K °n‘m:nuﬁ'mmJaaﬂasmlmJ‘.uixmtm’ﬁi'ﬂ1m§umaaﬁmﬁauﬁqﬂ (LMS) uaad

m

e
==

i

a4
JU

O
K,(n+1)= Kn,(n)—up,m(n)% (4.12)
iiie W, (n) fie SanesiuuulSuadylod uaz
€ pm(n) = f2 (1) + 5} (n) @.13)

i o " 3 ar @ '
naunsh (4.13) uaasldiudezannsodssinua Cost ferdn &, Tdnnnnifiedis
(Samples) Y99 Forward Prediction Error Li0¥ Backward Prediction Error HNUAT & AT (4.13) a3

' P v
Tuaumsfi@.12) 1218 qunsdulseansvosaanadamosai

K, (n+)=x,(m)+2p, (WIf,#)b, (n-1)+ b, (n)f, _ (n)] (4.14)
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||x:;3.r U

el dulszantinmsgihgaiideamsediaiess Tavhldilluussiagiu (Normalized) i

Y

"
@ o

=] oY o ar a P e w a
e laddrosidsvesdaanudunandudun m laq uazamnsodsznumiiaavesdunn lay

9

3
HUANT recursive Al

P, (n)=PBP,(n—1)+0.51-P) [, (n)+b]_ (n—1)) (4.15)

g dd o o o
aumswerdd ledngni Ifiduussiaguuanaadadl

U

l"lp,o
S 4.16
Pl B, (n)+e S

A 5]

Iy o /a g ' = I o o A o Y
RN FRY Koo ﬂﬁlﬂ'llﬁ‘ﬁl‘l.lll“lim'iuﬂu LHASATIPNN € lﬂ‘uﬂ'!ﬂ'lu’)‘l-.lEﬁMU?ﬂLWBﬂ1ﬂuﬂ1Hﬂ1ﬁUﬂ15

" A { 7
(n) Hamisvaghaumalndgud

Y

ﬁ-laq R}l—l
= a s 3 9 [l o =1 o =
Tneriinusi ldudenisviiauvesezual inflames Inseadaannaoomily

cs: = n’: ‘i‘_l = o o 9 a o oa
aalunou ¥ luduasuusnaziluezualiv IR woadNawmes Insaad1auaanaduduaed LAy
[ = [= a ey o g/ =3 1 o
Tugwnaesszily szundivawes Iasaas1aaananin1sMIaULUY Lattice Joint Process

Estimator #4992 18na17s9 11/

4.6 ozualivl IR weasWameslnssaiaania

o o o o an o 7 . A
NIudo NN TUYDIATnoaUIATHAIND T UL Lattice [28] Ao

1+2k,z7" +27°

H,(z)= 4.17)

1+k,(1+p)z™" +pz~°

y o a =) o o & ' £ dy o
e k, AeduilszAnivosdamesidesmstiv Gazgidng — cos(o,) Feluumanuilldsines

W u

@ w y o = = [
doyanaumsnaeaunuuauandygiunau lninnud o, U7 4.7 uassdyasumsnasauny

o

s g tﬂ. d’i s L = QJ = 1 1 ar
pavludyaudeyaniniesiy lasmdulszdns k, Umegsznin —1<k, <1 uazdygin

o i 4 @ o
!E]'lﬁwﬂﬁﬂ’luﬂ'i:ﬁU’Juﬂ’l'iﬂ‘iﬂﬁL‘ﬁﬂ“U%ﬂﬁfyiy'lﬂumiﬂﬁf)ﬂuﬂﬁuﬂﬂ ﬁ'ﬂ
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y(n) =u(n)+ 2k, (mu(n —1)+u(n-2)
u(n) =x(n)—k,(n)(1+pu(n—1) - pu(n-2)

(4.18)

Taseadauaniauendiamesianifezilin 4.8 Taovldndnnisues Prediction Error (PE) [29] Tu

o W a A Y1 a P o w = o . o 9 A
msdsudulszans &, elddRanaramdenigs p iewnadigadimuala fe

N
J(k,) = argmin %Z|y(n)|p (4.19)

n=l

P = ' o o A ° g/ Yas
AUMIN (4.19) (36A7 Cost MINFU  wag N AD UMVBYD, p = 1, 2,... wazez 1935ms

. i s a o A 3/ ] 3y w
Recursive Prediction Error [32] szuuauilseans ko LWEﬂﬂ Cost Wdﬂ‘ﬁuﬁﬂ‘lmfm AWHUANNT

Y o [ o 1w a o A
U914 Steepest Decent 3¢ laaumsdmsumsidsumduilssans &, Av

aly(n)|”

4.20
ok (n) e

k,(n+l)=k,(n)—p

{ { i~ & " A o %
nnaumsh 4.20) wlaouan k, Wy £, Fudlusiildanmsi Recursivelay
@ { : o % ' ° s s
Témdvmzvesaun1sn (4.19) p Ae auaal ladlas Mmsidonal p = 1 uaziimsnlou laanol

.:i d' A acd :i = e cb
Naoavoaaumsn (4.20) Fuiluismsn 14 luunive [331,34] Wune

= & 0
k,(n+1) =k, (n)- usgn{ |,;,V(n)'} (4.21)
ok, (n)
1o
|y(n)] =sgn{y(n)}y(n) (4.22)
UNUANNIT 4.22) asluaumsi @.21) 2'ld
12,, (n+1)= Eo(n) - usgn{sgn[y(n)]%} (4.23)
o n
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1 H aay(n) ~2u(n-1) (4.24)

{ = [ " ° 1 g3 o EY o‘a‘ a:xy
nnaumsh 4.23) Idedendnde lumusasmuaveuwavesauandlod 18 Hefimszewy
c{ o @ T o W 3 Y, = . as 1
s 4.19) Wudesdunon BiFady dniu 391435 aveAna0agn (Trial and Emror) 35m3fivg

v

3 '
amnsoudamil @ Tassmualdiady lodn/fouaunar Tavluunisefiseinenmdenu

L4 o o I 1w o o o
‘U'ENLﬂ]ﬂ“f!ﬂﬂ1{1%ﬁ1ﬁﬁﬂﬂ'ﬁﬂﬂﬂﬂ1§ﬂiﬂﬂ1ﬂu‘ljiﬁﬁ‘ﬂﬁ AITUNIT

p(n)=op(n—1)+(1-0)y*(n) (4.25)

Tugaasnuesmsiam p*(n) wiivnage sldauaddlad pe) Smgaihldamsgdhgs

aa’ o S

@ et o o ar 1 P 1 °
funlszaniideamsh1aiEy ndmngdwds p2(n) selimdnhldauadllad p) e

2 ° [ ) [} [~ 1
Fave ldaunisdmsulsuanadylsd Ao

w(n +1) =ap(n) + yp(n)’ (4.26)

A A a Q¥ < ¢ Q@ qy " a an ¥ o

womuaNuazdoalumslsuauaadlod Seldaumsadanaran laninedyaaluauns
ar ¥ =~ o [ 1 o [ 4 @ [ = P A o
Usvauaallesd Tasndnnmisneanadd ledezdsumldlianuaziBoaninainanainveaoin

= a 1 =1 o 1a a1 o A ¥ 1w a A o 3
wallige wazazmuauaay ladmindranaalidduie Idmsmaduiszaniianusiu

=

iy ¥ £ " a v Y o d o 1 o =
waf ldninmisldaumsaranaraswdvaumsiaay ledm i uerawan 1asinugndeann

Baa aumsmRanatauaas @i
a(n)=ra(n-1)+(1-A)e(n) -e(n-1) (4.27)
Taoa1 e(n) wandldaaauns
e(n) = x(n) - y(n) (4.28)

UazINAUMSN (4.26) enusomosulny 1ddaums
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u(n +1) = a(n)p(n)+yp’*(n) (4.29)

Mauns (4.29) unuasluaunisfi 4.23) zldezunlfivdanesAudmsvdszuiuam
4

futlszdng &, Inufe

£, (n+1) = £, (n) - p(m) sgnfsgnly(m)] ;%’(") } (430)

(n)

o

{ ' \ [ 1 = 4
Taofl o,a,7,A HuAInsiegsznie 0 uaz 1 o fie Exponential Weighting W1513iA03 130
a s o a a o v a
Forgetting Factor HuMITmesndmualszaninmussmsilssmadmivdanadouuuy

Stationary

Frequency content of Transmit Signal Corrupted with AWGN and NBI
120 v T T v T T T T r

100 | i

80 .

Ay IUUNINABALI VLAY 9

——— i

Power Spectrun Density [dB]
g

20

N el i, bt A
0 S0 100 10 200 250 300 350 400 30 500
frequency (Hz)

31U 4.7 uansdnyMz Ay IUNINTAUD LAY
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input x(n) u(n) output y(n)

) = o o
510 4.8 uaaslnseainuaniauensianes

4.7 Lattice Joint Process Estimator

o = o

sildesuvanuuz Inssaduaafialud1edu uag Lattice Joint Process Estimator 114
ifluaeadan senine dauiiilu Lattice Predictor iz @auiiifu Linear Combiner nansfsgili 4.9

o v a /g ¥ A o W P Ve g @ o
'Ll’]Tﬂ'54fr'iWﬂllamﬂﬁn'lﬂiszﬂﬂnl‘MWfJﬂﬁ’Jﬂ%UﬂfyflunﬂlqlﬂHﬁMﬂQé:Glcﬂﬂﬂﬂﬂﬂ'ﬁﬂ']ﬂﬁiymu']mﬂQﬂ'ﬁﬂ

Vo dy

Y yg @ A
mumuatymuwmtmsﬂﬁam‘m@i%ﬂuﬂu Iﬂﬂllﬂﬂﬂﬁuﬂ'ﬁ"lﬂﬂﬂﬁ

fo(n) = by(n) = %(n) (4.31)

s

A A A = 4 A o A [V n’;,
3813 x(n) 1o auwmmﬁamm HIo 1919 q(ﬂ‘ﬂN']uﬂ']ﬁ‘U"'I]ﬂﬂﬂlufuu']muﬂﬁﬂﬁ@ﬂiuﬁ]ukl‘iﬂ%’iﬂ

pzualiuonsiames

[ v
AUNITNINALIN Forward Prediction Error 1A% Backward Prediction Error La@d997)

S = fi_,(n)-k,(n)b_(n-1) (4.32)
bi(n)=b,_,(n-1)+k,(n)f,_,(n) (4.33)

1 ar a P
mduszantvesezunliv Iassadiaaniia As

k.(n+1)=k,(n)+ ;'—"‘")(b,.(n) f(n)+b_ (1) f,(n)) (4.34)

[\
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' < o o 9 s 3 a L2 A4 1 6w o
ﬂ1lﬁﬂﬂ]l"]fﬁgﬂﬂ‘]i'ﬁlﬂuviﬁﬂﬂj-ll‘lﬂjﬂﬂ”ﬂ‘]ﬁﬂ (4.35) FIANDATINTAIVDIT YY1 N Forward

Prediction Error 148 Backward Prediction Error @un159 (4.36) Ltﬁﬂdﬁuﬂﬁzﬁﬂﬁﬂ!ﬂdﬁ”ﬂgm1mﬁ

foans
S, () =BS;(n =1+ (1 -B)fZ () + b2, (n 1)) (4.35)
w,(n+1) = w,(n) + a=p d,_ (n)b,(n) (4.36)
1;(n)
fo(n) Si(n)
x(n) g e - = K
bq(",:) Kl b,(n) Kz N_lil ()

\
E(n) 4—6

gﬂﬁ 4.9 Lattice Joint Process Estimator
TyanaueANALaRIR AN (4.37)
E(n) =d(n)-w" (n)b(n) (4.37)
Ali =] ar = 9 =Y
Woe d(n) A0 AYYIUDUNADINDY
o "
b(n) A9 1ININD5YDIA191N Backward prediction error

w(n) fin duiszd@n5unadau Linear combiner

¥
waz b(n)=[by(n) b,(n)nb, (1), m SuFvuLIARDs Iinniinusismuald m=>5
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4.8 azumlindaneInuuUVVeA (Blind adaptive algorithm)
¥ F
msviadyanaunsnaanndldauduiiu (Multiple Access Interference (MAD) do3ya

Asududoansuldun

w 1 Yt 9

& 3
1) gﬂﬂauﬁiutu“lim.mmg“l‘mmmms

[

o v

A 9q ¥ A =
2) yundudyauuHvedldnudu q Musuniu
3) 1AL IIMILUNTNTZY (propagation delay (timing)) YOIH 1FNADINI
a ' 3q 3 A A
4) nasziamauninszae veIdlyaudunTUNIY
5) ueuwagavesdanuniyldvedldndesms uazdldnnsuniu
6) AU IUNIUIY (Training Data Sequence) ﬂlﬂﬂéi‘iﬁ]ﬂﬂi&
o as Y = ) - o
SaNeSNULLVVDANUADININTILINGITD (1) wag (3) [33] 3UN 4.10 uaAalnTeaaeweIns
@ ar a = 8 t:i o =1 r=1 @ a = {:iyd [ =R
JSudruuuuen  danesnusuuveaMiSsuMeuALINOHNUTHABOANDTNUILLY  LMS
o Y1 o a R q!: - g aa "y Y a 4 o 3 o
[34] i landanes nunnuueatuiidedn hidesnmsdyaamsuideildlssndanuy
9 [l @ a 9 1 g [ = 4:‘; Ao w 1w ] o
ahaovvestesdyanunlddidoyn  uazdmdndesnnilgmnsdiidededyana luauysal
o vy o Y a a s (5 w 9 .=i’
i lugnsuniuanilsngmsallnd-lna ms1zdanes nuuuuuea ludesorfudoyaiiluns
" Jq 3/ A (. & s a A 9
Usznamdyaaunsngeannd lsaubuy mduilsednsuesdanesnuuuuven [33] uanald

td
s

a1l
c,(n)=s, +x,(n) (4.38)

9/ = [
Tav & fio dldnundeanisasiatudeya
A o ' yg 9 A
s, o dayaourvesdldaud k
= Qe“ s =y o/ = q(ﬂ; 1 e
x, Ao duilszansnlaninezualindanesiu wie dulseaninlalssunamdyyrnves

vq ¥
HlFnnsunIu
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y(n) s, £ TNZ(")_

x,(n—1)

517 4.10 Fadgawosamameshiiozualivldanaiiuuuuen

Tawhia  cost Hledduiiddiiiqa E{c’r,)?} mirzaziuazinl (s,%)=0 wunz
(Cersi)=(s58,) =1 qumss x, AlSano3fuuuy Lms warmaldwail
X, (1) = x, (n=1) = pZ(W|y(n) - Z, (n)s, | (4.39)
Amuald Z,,.(n) fe wdnannuuasiamesdmiudldsome
2y () = (3003, ) (4.40)

= as

2 o ¢ 2 = A o o |
LLag Z(H) 1D LDIANAVINANNADT BINVIWWDY ATDITUHUUVIATUUIUUNTNHDADYINUUIU

a [

o P Y

(PIC) uaz y(n) Aodaanmuinsyla

o o

Z(n) = (p(n), s, +x,(n—1)) (4.41)

4.9 aq

Tuuniildnanfofudnpas Tnssaduazozualinsanesiuildluinninug 4
18un ozuadiiviflamesTassadanfiariia FIR AlFlumsissnamdgyanaumsnaonnng
1¥audu uazesumliivl IR weasiameslnssadruaniia fnsfeunduvesmianainves

o y 1 a ' o = LY ) dy
wIRyaaaKamIAaNaIAYBIN S szInammaoudedns laedinsesriail ldviadyan

d?cu ' =2 w asf q 3 3/ k4
LNINADALUDULAL UDNAINULINATIN @aﬂﬂiﬂﬂllﬂﬂﬂ@ﬂ‘ﬂi“ﬁﬁluTﬂi\?ﬁ'i']\'i FIR A28
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M50ISUHDUTINANNMTUNINTBABL VMU (PIC)

& v v 2
5.1 1IR30 ULVVHNAIINSUNINEDADLIIUHIU (Parallel Interference Cancellation)
IAF995 VI PIC @unsanondaanaivedisusazau ldniouqiudauanslugli 5.1
ifisanamiosiuuvy  Pic 19deyavessiavesdldunasauuonuszaideyalavinasuuy
do 1w 9q 9k Jq 9/ A o 9 A o w
puagwaumdudlslumsuenuezdld  19esfuuuy  PIC  aussousApuaulionItaves
I = " o o o g/ A a ot 9 2 a9 o
Fuanauninaeaiinadefdwesdygavedld  wazillofalsingmsatlnd-lna el
uanuAniio Nz RAu AT LY PIC [41-56] Aildseaniamnlsudadyaauninedon
= 1 1 ¢ = ar ) " 4 A o =Y
Fiiaa19 uaznumuaelsingmsallnd-lna matdavesdinsesgmimnly udiiiesnnisanes
a o J a a o’dy 4 [ Py =
e 1asiginauetiu [41-56]  TuInniiwusiiauemiesvuuy PIC ldezualiv
o a o o 1 v a a =1 o [ =
Haweslassadauania  nuswdusanesnuuuulSuaallad  uazdanesivuuvven
(Blind Algorithm) Y9ATYQIUUNINADATDIFUA AD YR IUUNINTOAUDLLAL (NBI) wag
o 9 § Y] 4 ar { W a
dyanaumsnaeanndldnudu (MAD TaonSoudivuiy wisesunuy Pic #lddanesfinuuy

szifjopItaunduiidedoaiovnga (LMS) [45]

¥

o B a,(t+1)
y2 i

o () a,(t +1)
) o

2 = a,(t+1)
Y i

a () D s [ a,(t+1)

510 5.1 Tassadhamiessun PIC
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| @ a ' o or s
VINVVUNUYBAAT DI VLD VRAANMSUNINFBABE19UUIY [45] Avualddyansuuduuuan

imsaauuFTasiamussuy DS-CDMA udasasgli 5.2 nasdld$mau K audsdyaude

Y

YaNWIUMSUBYAAAILID lUTTIMATNABY BPSK uazvegaauuuiwanlnasudodyaimsia

Y

PN $1u2u 15 1ia deriusesdgygraniimisunuvesdygauuy AWGN dygnadeyaniasy

[

¥
uane ladail [45]
(@) =s(t)+d @) +v(t) (5.1)
o s(r) e dyanudeyavedld K auirumsunanlnnsuuds
d(t) A dyanaumsnasauauuntlusguy DS-CDMA
oy

w(t) Ao danusuNIy AWGN lusesdyaia

b (n . "
—L()—> o YO b!(n)
| —-
E Shaping pulse d(f] e V{f) '
| i
'y l
I ! ] y (?’L‘T; ) Proposed
| madsdtgneliszuy Ds-COMA > (D T(-1) | e | |
| sy | 0 - |
1
b (n T,’
by (n)

maudtyaneduszuy DS-CDMA

o W) !

{ < ] @ o
sin 52 vaenlaezunsumadumzninsudyaisluszuy DS-coMA

Ty udeynvod1d K audidumsidannasuuduaasdeauns [45]

s(t) = ZﬁZbi(n)ci(t —nT,) (5.2)
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- o o

o 1 g 3o @ i
Amuald P, A Mdsdavesd lgouaun i
o =) g Yo w i
b,(n) € {~1,1} fio Srwamiindoyavesdladuaun i
& o o 3q 9 1
c,(2) Ap Ty HdvellsuAazA
=) a9y
7, fo muna1vesdatoyn

Y c,(¢) aeail
N
c,.(t)=Zc,.'"\p(t—mTc) (5.3)
m=1

desmualsd e e {-1,1}, m=12,.,N

' 1 ¥
Yoyunaninsuiiorumsaveganaun uaasnil

T

Y(n) = [y(nNT.) y((nN +1)T.)---y((nN + N —1)T.)]

-3 P.b,(n)C, + D(n)+V (n) (5.4)
Z'\/_I i i

[

I ar s ' o o ) [y
C,.=(1/\/N)[c} ez c,.N] fodyanasandumsihdiduussiagiu dmsud
ldouaud i

= o d [
D(n) A9 NAMDINIUAIDYNUBITUYIUUNINTDALD VLAY

[

4 o @ [} -
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ABSTRACT

Echo return loss and impulse response are important
characteristics of an echo path for the design of echo
cancellers. The performance of the echo cancellers depend
on the choice of the adaptive filtering algorithm. This
paper proposes the variable step-size algorithm for lattice
form structure. The proposed algorithm is excellent in
convergence speed, low computational complexity, small
number of adaptation coefficient and high performance.
The structure’s stability had improved by Echo Return
Loss Enhancement (ERLE).

1. INTRODUCTION

Network echoes are cause by impedance mismatch at
the hybrids and It is a major source of impairment to
speech quality in telecommunication. The echo in
telephone network as depicted in Fig. 1, which show a
half of a telephone call configuration.

Farend x(n) Near end
l =y hybrid
Adaptive !
Echo <
canceller ]
iEcho
e(n) -—fl\ i > y) 2-wire
el
d(n)

Figure 1 An echo canceller in telephone network

Where x(n) is far-end signal and d(n) is the
returned signal to the far-end that is near-end signal and
the echoes. The echo is annoying to the talker if the delay
is large and must be sufficiently attenuated to maintain an
acceptable quality of service. Briefly, an echo canceller
uses an adaptive filter to estimate the echo path transfer
characteristics and to generate the copy of the echo, which
is then subtracted from the returned signal d(n) to
eliminate the echo. The International Telecommunication
Union (ITU) has developed a new minimum performance
standard for echo canceller (Recommendation G.168: -

0-7803-7690-0/02/$17.00 ©2002 IEEE

Digital Network Echo Cancellers) [10]. It is desirable to
use echo characteristics such as echo return loss.

The adaptive Least Mean Square (LMS)
algorithm is the popular technique for filtering due to its
simplicity however, it suffers from the slow convergence
since the echo path is usually very long and the speech
signals are non-stationary and highly correlation and a
large number of filter coefficient are needed.

The adaptive lattice filter structure allows fast
convergence due to its orthogonalization nature between
the backward prediction errors [3,4] but it requires much
more computational comparing to the LMS algorithm and
the Lattice/Transversal Joint structure.

The Lattice/Transversal Joint (LTJ) structure
allows less computational complexity and nearly as fast
convergence as lattice filter but it has large number of
coefficient to provide the fast tracking capability and high
performance.

In this paper, an adaptive filter with fast
convergence speed, high performance and small number
of coefficient to improve for highly correlation input
signal, such as speech is proposed. Lattice transfer
function [5] and variable step size adaptive algorithm [6]
improves an adaptive echo canceller. We propose this,
variable step-size algorithm for lattice form' structure to
compare its performance with LTJ structure and we have
observed that the proposed structure perform high
performance  with the manageable amount of
computational.

2. THE ECHO CANCELLER STRUCTURE

Consider the adaptive echo canceller described in Fig.
1; where x(n) and w(n) represent the far-end signal and

near-end speech signal, respectively. Also d(n) , ¢(n) and
y(n) denote the received input signal to the echo

canceller, background noise, and the estimated echo
signal. That can be described as

#(n) =W (n) X (n) n

e(n) =d(n) - y(n) 2



d(n) =v(n)+ y(n) +c(n) 3

Where x(n) represent the input vector and the
filter coefficient vector of the echo canceller defined as

X(n)=[x(n) x(n=1)...x(n—L+1]7 @)
W (n)=[wo(n) wy(n)o..ow (m)]" )

3. LATTICE/TRANSVERSAL JOINT
(LTJ) STRUCTURE

It is known that the convergence of adaptive filter can
be improved when the lattice filter structure is used. A
relatively of the backward prediction errors are gradually
orthogonalized to each other form one stage to the next.
Let B(n) is expressed as

B(n) = (B (1), by ()yvrvee by g (1)) )

The transformation of the input signal vector to
the backward prediction errors can be written in a matrix
form as

B(n) = HX (n) ™

where the transformation matrix / is the LxL matrix
given by

1 0 0 e e 0
I 1 0 v v 0
a(h (®)

.o

r AR RE
a (L-0) ap(L-2) ap (L=3) = - |

The matrix f is a lower triangular matrix and its
component a;(j) (j<i) is the j-th transversal filter

coefficient comesponding to the forward prediction filter
of order i. Therefore we have

< fap® 1<i<P
ap@={"
0 P+ISisSP+k %)
1Sk<L-P-1

The Lattice/Transversal Joint (LTJ) structure is
used to eliminate the delay reflection of the backward
prediction errors at stage P for P-th order of the adaptive
lattice filter structure thus it can be considered near the
white noise. Therefore, it is quite reasonable to append the
computationally more efficient transversal filter structure
jointly after the P-th stage of the lattice filter. By using the
backward prediction bp(n) at stage P as input to the
transversal filter. The LTJ update equation is tabulated in

Table 1. In general the order P does not exceed more than
16.

4. THE VARIABLE STEP-SIZE ALGORITHM
FOR LATTICE FORM STRUCTURE
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The modular Lattice structure is very useful to vary
filter and easily to consider its stabilization. In this paper
we usc the lattice structure as shown in Fig. 2. The
variable step-size algorithm is useful when the filter
coefficient which closes to the optimum solution a small
step-size is used, otherwise a large step-size is applied
instead. We assume the linearity of a finite duration (1) of
the echo impulse response path with discrete values kg . If

the echo-path impulse response with length of n samples
containing the noise c(n) are input x(n)and the estimate

echo are y(n) all can be expressed as

(i+1)
880

Echo path= iRj exp[— 6(n—i)  (10)
i=0

Where n is the numbers of samples and R; is a random
number with in -2, +2 and &(n) is the Dirac function, and

$(n) = u(n) + Zkg(n)u(n—1) +u(n ~2)
u(n) = x(n) = ko (n)(1 + pYu(n — 1) - pu(n—2)

Using the Prediction Error (PE) [7] to adjust k, to reduce
least mean p-power at lowest output can be defined as

11)

N P
J(ko) = o X |5 (m)| (12)
n=1

Eq.(12) is called cost function, where N is the number of
dataand p=1,2, .., From Recursive PE [7] assume k,

make the cost function has lowest value using steepest
decent algorithm, kycan be defined as

2|y (n)
ko(n+1)=ko(n)-p —l—l- (13)
ako (J’l)
From Eq. (13) we changed &, to ﬁ:"o this value is
given from recursion with transient value in Eq. (12), g is

step-size parameter by chosen p value equal to unity and
quantization the second term of Eq. (13) that used in [8-9]
expressed as :

ko(n+1) = Eo(n)—psgnlm} (14)

ak-n("}
where
|7(m)] = sgn{5(m)} y(n) (15)
Substituting Eq. (15) into Eq. (14), we get
Fo(n+1)=kq(n)- p sgnlsgn[ﬁ(n)}M} (16)
kg (n)
dy(n)
d e A LD 17
an dkg(n) Sk = 17



From Egq. (16), We can not define the region of
step-size value because Eq. (12) is nonlinear function, so
we used trial and error to define step-size vary in time
domain. Herein, we used the energy of the output, which
control the adaptation expressed as:

p(n) = ap(n=1)+(1-0)5" (n) (18)

At the beginning p?(n) has highest value that made u(n)
has highest value and fast convergence. After convergence
p(n) has lowest value made u(n) has lowest value too.
We express the equation for varying step-size as

p(n+1)=op(n)+mp(n) (19)
Substituting Eq. (19) into Eq. (16), we get
. TN s 2 L 2
ko(n+1)=ko(n) n(n)sgn{sgnly( )]aio(n)} (20)

Where o,a,y is constant in range of 0 to l. o is
exponential weighting parameter or forgetting factor is the
parameter to define the coefficient to estimating.

Where sgn(x)= ;]{‘!

Eo(n): filter coefficient vector of adaptive filter structure

at time n
e(n) : echo residue containing the noise c(n)

5. PERFORMANCE EVALUATION

Real systems are incapable of perfect cancellation for
a variety of reasons. It is important, therefore to be able to
quantify actual adaptive echo canceller performance. The
most common measurement of adaptive echo canceller

performance is Echo Return Loss Enhancement (ERLE)
Elx” ()]
ERLE(dB) = 10log g === (21)

e ' Ee? ()
The ERLE is simply to the ratio of signal to the
‘noise’ that could not be cancelled from the signal. On the
other hand, ERLE is the logarithm which defined as the
power ratio of original echo to echo residue. In this paper
we evaluate the performance of echo canceller by ERLE
simulation.

6. SIMULATION RESULTS

In this section, the performance of the proposed filter
structure is compared with LTJ structure applied to an
echo cancellation. For fair comparison, convergence
parameters are sclected to equalize the steady state
performance. The assumed parameters of the propose are
given as ky(0)=0, p(0)=0.007, p=1, p=099995,
y = 0.0000001, ¢ =099,a=0.99. For LTJ structure we
assume the parameters as § =098, P=2, L=2 and
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data range N = 1000, iteration in 10 times. For the noisy
environment the echo to background noise ratio is set to
70 dB. The simulation results of two structures
performance comparison is shown in Fig. 3. The proposed
structure has convergence much faster than the LTJ
structure and be implemented with a small numbers of
coefficient and lower computational complexity.

The echo canceller must have an excellent
tracking performance as well as the convergence speed
because the environment of the unknown system changes
frequently. At 2000 iteration the echo path changes to
another one different from the previous one. After the
echo path changing, the proposed structure can be track
the changed echo path faster than the LTJ structure as
shown in Fig. 4.

In order to get the good performance of the echo
canceller structure, one way to improve the estimated echo
path in the noisy environment that is the means of ERLE
in the changed of SNR. We assumed SNR within ranges
of -10 @B to 70 dB. Fig. 5 shows the varieties of SNR of
the proposed excellent structure.

7. CONCLUSIONS

In this paper, the variable step-size algorithm for
Lattice form structure is proposed. The proposed structure
is excellent to achieve the fast convergence speed and low
computational complexity, while it maintains a numbers
of adaptive filter coefficient as small as the LTJ structure
and the proposed structure provide a good stability of
ERLE in compare with the LTJ structure.
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bo(n) = Jo (n) = x(n)

dg(n)=d(n)

Si(n) = fiqp(m)+ ki(ny j—1(n=1) (1SisP)
bi(n) =bjy(n=D+ki(n)fi_1(n) (1SisP)
bi(n)=bj_1(n=-1) (P+1sis L)
di(n)=d;_j(n)=wi_1(n)bj_1(n) (1Sis<P)

i=L
e(ny=dp(n)="3 wi(n)b;(n)
i=P

Updation 0 50 1000 150 2000 20
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Ki(n 4 1) = ky(m)+ %‘%wf () fi-1(n)
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Figure 4 Echo path tracking performance
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Figure 5 Mean ERLE vs. SNR

Figure 2 Adaptive Lattice Notch Filter Structure
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THE NOISE-ROBUST VARIABLE STEP-SIZE ALGORITHM FOR
LATTICE FORM ADAPTIVE IIR NOTCH FILTER
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Research Center for Communications and Information Technology (ReCCIT), and
Department of Information Engineering Faculty of Engineering
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For adaptive algorithm analysis. the best adaptive algorithm requires fast convergence speed, low
variance, unbias and low stcady-state mean squarce error (MSE) in both low and high signal to noise
ratio (SNR) situation. This paper proposed the new variable step-size algorithm in adaptive lattice
form structure. The propose algorithm is to focus on noise robustness and fast convergence speed. In
the noisy environment the propose algonithm is highly effective to improving good performance.

1 Introduction

Adaptive Notch Filter (ANF) are widely used in many signal processing applications such
as eliminating narrow band signals from board band signals in communication system,
sinusoidal detection in radar and sonar, the echoes cancellation in echo canceller, the
cancel of 50-Hz interference in the recording of electrocardiograms (ECG).

It is known that variable step-size algorithm used to increase high convergence
speed and decrease low estimation error. On the other hand, is the more accurate the
estimation in the presence of observation noise. In 1] the algorithm has fast convergence
speed but still contain large of fluctuation in low SNR environment.

This paper propose, a new noise-robust adaptive step-size algorithm perform in
lattice form adaptive IIR notch filter which takes non-stationary environment into account.
The step-size control algorithm used the correlation of error signals and energy of the
output control adaptation speed. The used of step-size control algorithm serves two
objectives, first, at the beginning the output signal of the filter has highest value that made
step function has highest valuc and fast convergence. After convergence the output signal
of the filter has lowest valuc made step function as lowest value and low MSE. And
second, to rejects the effect of uncorrelated noise sequence on the step-size update to
ensuring low misadjustment. We uses the output error corrclation to accommodated an
effective adjusting of step function when the solution is far from the optimum and step
update function decreasing as we approach the optimum even in the presence noise.
Finally, the simulation results are given to demonstrate the performance of the proposed
algonithm.

2 An adaptive variable step-size algorithm
It is well known that for a fixed valuc of the step-size for tap weight adaptation to exits 2
trade-off between the filter convergence rate and steady state error. If the large value of the

step-size is used, then the faster convergence 1s altained. as long as the filter remains
stable. On the other hand. the smaller step-size provides more accurate to estimation in the

3106
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-« of observation noise. Morcover, both fast convergence speed and low estimation
- C N - "
rese Ijt}u]d be realized by adaptive step-size control algorithm that proposed in this paper.

error €¢ The output signal of notch filter for [1] is expressed as:

y(n) = u(n) + 2ky(m)u(n-1) + u(n - 2)

u(n) = x(n) = ko (n)(1 + pu(n 1) - pu(n—2)
the step-Size algorithm used to control the adaptation of adaptive filter coefficient kg and
cicp function of [1] is given as follows:

p(n+1) = apu(n) + 1p* (n)

In (1] used the encrgy of filter output to control the adaptation to mitigating fast
convergence speed but it stll adverse effect of noise. The adaptive lattice filter coefficient

(1] is shown as follows

Ok o(n)
The propose algorithm is modified the step function in filter coefficient equation from [1].

ko(n+1) = ky(n) - u(n)sgn {sgn[y(n)]m_}

Adaptive step-size algorithm viewpoint is the value of step-size close to the
theoretical optimization as possible at each time instant. This paper proposes the
alternative formulae of the adaptive step-size algorithm to be applied in noisy

cnvironment.

3 The new noise-robust variable step-size lattice form structure

The variable step-size algorithm is useful that when the filter coeflicient are close to the
optimum solution a small step-size is used, othewise a large step-size is applied instead.
Based on this algorithm, it provided fast convergence speed and high performance for
overall scveral input signal. In this section we describe the adaptive lattice notch filter
structure in [1]. The new noise-robust variable step-size algorithm that is described as

H(n+1)=a(n)pu(n)+ yp?(n)
The used of step-size u(n) serves two objectives. First, the fast convergence

speed of the update yu(n) that we used the encrgy of the output to control the adaptation
cxpressed as:

p(n)=op(n-1)+(1- a)y*(n)

Al the beginning p?(n) has highest value that made z(n) has highest value and fast

5
convergence. After convergence p~(n) has lowest value made w(n) has lowest value

100. Second, to rejects the effect of uncorrelated noise scquence on the step-size update to
ensuring low misadjustment. We uses the output error corrclation to accommodated an
cffective adjusting of g(n) when the solution is far from the optimum and step update

#1(n) decreasing as we approach the optimum even in the presence noise. The estimate in

the time-varying of the error correlation e(n)-e(n—1) that described as
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a(n)=¢ca(n-1)+01- g)ée(n)-e(n-1)
é(n) = x(n) = y(m)

Where o and ¢ are positive constants. The parameter a(n) gives the step-size update

41(n) has the accurate step value of in carly adaptation process stage when it has contain

large value of noise and not effect by independent disturbance noise for overall adaptation
process. Where a,7,& are constant in the range between 0 and 1. o is an exponential

weighting parameter ot forgetting factor.

4 Simulation results

In this section, we used the single sinusoidal signal additive white Gaussian noise as the
input of adaptive notch filter. The performance of the proposed algorithm compared with
algorithm in [1]. The parameters of the proposed algorithm and algorithm in [1] are given

as k,y(0) =0, SNR =-2dB, p=09, A (0) = 0.07, 0 =098, & (0)=0.95, y = 0.001, &=
0.0001 and N = 1000. In Figure 1 both from the top and the bottom shows the comparison
of adaptive algorithm in [1] and the proposed algorithm in the noisy environment. The
proposed algorithm have fast convergence rate and low fluctuation. The performance of
the proposed algorithm and [1] have improve by variance, Magnitude of bias, Mean square
error that shown in Figures 2,3 and 4. Assume data range N = 1000, iteration in 50 times
and find its average ensemble form. SNR in the range of —2 dB to 25 dB. It is shown that
from the simulation results for all SNR even in low SNR the proposed algorithm has higher
performance.

5 Conclusions

In this paper, proposed the noise-robust variable step-size algorithm for lattice form
structure. The proposed algorithm is an excellent to achieve the fast convergence speed
while it maintains low misadjustment that provided a good stability for instance, its
variance, bias, MSE particularly in low SNR.
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Figure 1 The convergence process of filter cocfTicient in low SNR (SNR = -2dB)
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