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A Study on the Comparison of Predictor
Characteristics for Adaptive Filters
Using the LMS Algorithm
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ABSTRACT In this paper, make a study on comparison of adaptive filters for predictor characteristics that tran-
sversal, lattice, and joint process lattice filter is using the LMS algonthm that is simple structure and pracotical appl-
ication Is easy.

The theoical background and structure of each adaptive filters exhibit for practical design.

Adaptive convergence condition for optimal weight vector and optimal reflection coefficient make clear, and it s
also shown through computer simulation, The error signals and noise characteristics of these filters make a comparative

study.
In view of the results, joint process lattice filter is shown that most superior characteristic in these adaptive filters,

I. A =2 mean sqare) 2] &2 Widrow ¢} Hoffol] 2] 3
adelAF HEMA Be 8ol ol&s L ot
A8 A} A#] (adaptive system)2] LMS(least ZFefol] Bl wE Ag A Avle AFAF "/P“
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ol g3 HFHelolriel Fy) 4 wla AT

2] Z, LSL (least squre lattice) 43
LMS o Fof vis) 27} wlaxn
JA 55 Basly glovt dmelFel 4
g3 14kl Z] o] Bio] 4 8 5= A4
5By

ol T|AZ AAA FEHolA] e o}A T Zhrlt
g LMS o] Fo] gho] o] &5 9lorn] Al
Hol gtmde] +4® e AHE vt

ol Hg Alar FANA gty A
(transversal filter) ¥ c} 7 =} € (lattice filter)

£ e du oot n2
oy o K

o] FAo] t] Yol odFx 2 glon] 3l AE
wop oeizhal f5EAol B ATE T3
B aE A

2 oAM= LMS gdanelE g o] &% 3
Hejot A2 ol ofste] A 2| (stationary) ¢ &
Al & 9} v] A =] (nonstationary) o 2 Al ol o3t
ol & 7] (predictor) A4 & dvstgdes =&
olF el g EAE e Al Ealol Al
o8| wim d-73h gt

w3 A3x el 424 e (joint process lattice
filter) o} -FAjolofal o] & e o AL AT Y
shste] £xo FEEAHe] AHE A
AsE AlgdleldE Flod Bt

IO. eS| LMS ¢12|E

1) EE{e| A R3S (correlation matrix)

28 13 22 dvtg ey sl lHAlE
off tated Bl 28 Al E ol 2¥& A7
o]—Z}—

g Ao k wx glade] o)
X=Xk Xy Xgz Xg* Xien)T )
9} Zc}, o] Wejol X 715 A (weight) W e &
W= (Wox Wik W Wi )T (2)

2 Jepel kAl 2HAE Yes

Yk=XkT . Wk=WkT.Xk (3)

o

| "2 o5 Ut
5] %Al 3 -3-5 (desired response) di2b &h=d
Z8olAe exE

ek=dk— Yk=dk—XkT
Wk=dk—WkT.Xk (4)

28 1. g " 34,

A structure of transversal filter.

2l B 2 2} mse(mean square error) 5 £2}§}

A A (4)Z24H

¢=E[e?]=E[d’]+ W E[X. X, ] - W, —2 - E
[dk-XkT]- szE[deJ_z -pPT. Wk+WkT.R.Wk
(5)

o]7]4 P&
P=E[dy¢ - Xy]=E [dy- x|
X1 (6)
Ldy.Xyn
R=E[Xk i XkT]
X’ XXk erereensasonss X Xxon
=B X1 Xk..l,zxk .............. xk—l-xk—n
Xie-n, Xk Xic-n,Xic1 " Xyne
(77
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Aol A A1(6)-2 mAAF-3) 2 (cross corre-
lation metrix), 4/ (7)& <= A ka2 (input
correlation matrix) ety 2| g} ?

2) LMS &n2|&
LMS (least mean square) gire]Zo| ofal

7187 AL

VkA= s a8 aeKZ‘IT
IWox IW ik I oW, !

=—2e X (8)

Al(8)=FE LMS g Ee
Win=W,—M.Vy,=W,+2Me. X (9)
o 7] A M-& 4218 el 3= W 4] g0
%44 (adaptive gain constant)- fER L}-.
ANQ)=X-E] 74F R e Wois glgdal e X,
3 X KeBe E7E Hug 3 aba
k kol ZFolduwl Wiener 2 #& o] &£of w}e}
HA ZbEA =
Wir=R"LP (10)
ii _T_O ;514})3)4)6)15)

4(9)8 AAeha E[Wy sk 4(10)2] # =

R T

1 (11)
= dygdagd Rel g7t a4

gk eol 4 ol gk ma b A Hol g

RQJ 7}'%% 1%5\]‘3" maxa} 6L“H tr R> A

wol 22 (1) & #2io) S 2] 315 U4

166

2 A| & % (time constant of adaptation)
2} 2atxH (misadjustment)

AH12) el 4 Emm" *‘(5)91 # o abs 2.4
o)l Al(R)Q9} Al o & H¥
emin:E[deJ_PT-wk‘ (12}

SubaAde] Al A2 Widrowe}l Hoff

ol efsted 7] =l qlct
o] 72 7] A°~"/] A5 (gradient noise) 2] 43qle
2]

sl w4 gk x| -4l (learning curve) ol 4 o] =2
A A s vheRd] S gho] s arl o

k2 E mol sk
o Average excess mse ~MtR (13)

Emln

2 ol et
Gula me Hgel K4 Mol wl#s A s
e},
p ol bE A o g 4ot 2 H Al ]
A A4 o ol ksl A S ibehaL, Abg

Hat kel Al Y40k tomsett hl

1 1. (14)
p= OMA, (p——U.l,Z, n)
~ L _n19... (15)
to.mse = AM o (D-—().l.z, n)
woelaleh A1), A(15) e
te=2 tpmse (16)

LMS etiz| Fol4] shubel olei4l & 7h Fof 4]
oy Aol d As e Aol A A3
U Tmsecholi owl ojelgalal Rel it

U I ) 3

— -1 n (17)
Trse=tp,mse = AM A~ 4M tr R
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o}714 A= R & zfA otk

= nd 7bgA e FaeE vebdo H3AAF
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A(12), A(16) = A(17)2 ¥

_ __..n __n (18)
Ta=2 Tmse oM tR 2m
AL A4 o

gl 29} 18] 32 7hzt A | (stationary ) Al 3
ofl 4 whejqled ol wialat2o] Hohsl wle)qlaof
gk Al galolAd AE ebd Aol

Dasign of Adaptive filter with 4~weights.

Error slgnal ex.

8 18 28 38 48 53 B 7B Be 98 188
Iteration number k.

ozl 2. HA Aol HE 2AAE
The error signals to stationary nput.

Dosign of Adaptive filter with 4-watights.

H=.882S

Error signal ex.

Itont.ion nunbor K.

2 3 Al ghgo) s HAelAlTel gl exAlS
The error signals to stationary input with white
noise.

8 18 28 33 43 S8 7e 180

AL 4 AFAE 2E AP E 27
13} o] T4 5] de=X, 2% ol Z712A o]
ek,

45HE oAgol % AFAE AN
o AAle 235 E BEE Ho| t g ol
o £4¢ FAez Azdc

230 29 27 38 AR LAAEE vheby
Aolek,

28] 3014 el Waizg-& SNRE 20[dB] 23}
of Algalold Bl AR w9 A5
W HARYE R 2E 9259 277
124 Soahme A gao Aol Halupsiztol
AN 4d2A% A(18)8 48 G4}
o)A Aol 2 AAFZ YeT U 4 ek
23] Mako] ol &4 Mgz dem LabAlE
Farabel A s 2 A Aue) 2ok e shH 2
g B T 4 A

N

M, AXtEE{e| LMS ¢12|E

1) AXIHES FAI FH

31thd e v 434 4= (nonrecursive
system)ald] Histed AAAHE AFo T4
28l (reoursive system) o]},

shbel lE Xyoll tidted &7 &2 Mk
oAl Z27] F2 Fpud F4AE7 9 Bou® e}
B ot

9% EAL olFY FHAII AIA
(orthogonalization)-2 zZt&=ch+dl gt & E
[Fu, F]=0 =% E[By,Bux]=0 (i=)AZ,
%8k =& ¢ 3} (backward reidual error)Al % 7}
%ich,

Levinson 2ti2]Z 9l §
o] ZHE A2

o] I W
Bo(z) ke 110 z7 Boa(2) (19)
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FP—I(Z)z i+Fp-1,1.Z-1+‘ N '+Fp_1,p - zZP .
B1>~1 ( Z ) =Bp—),p+Bp—1yP+BDﬂ,D-lzil'f' o +] Z P...

(20)
A7k o o 4
Fp.kﬂ:Fp—l,k - kbp,ku Bp-hk—l
Bracni=Bo sk —Kepnr Froik (21)

o171 A pi= ol 2f o] <A (stage), ki= A} 7hA| &
(time index)& wakch A (19) 0l A kpp-ir 3-3F

HEARAl 4= (backword reflection coefficient), ke

pi AT HbALA 4= (forward reflection coeffic -
tent) gf3r F 2w == PARCOR (partial
correlation) A4} ghcp, 2780

QAo 2 Fe Axde & g 49] Fro] F 4

e},

O 4 o+l shAle eyl Azpalee] e
The lattice filter structure with n+1 stage.

2) HAXIWE{9] LMS ¢12|E

22 4ol 4ol MHARAF K ) kepiz 4] Zbol
whel Wehr el v 2o} A5 T LA G A
% AgsA s,

AutAlel AEAT oA FHAE vy E
[ew']=E[Fs]. 3= Elen?]—E[By*]o] ¥ tt.
AZ7h B et b4 shu

Qo(n) ZE[ex.erpxm]
Qh(n)a E[efp»k-ebp.km ]
Q"p(n)2E[eppx.Coniin] (22)
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Kool £Holl o8 ol 7] 9 247} H 47} Hebe
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El€%pix |=Qp(0)

El e ] =Q"p.,(0) (23)
o] g
Aanu(O) =2kpy Qp(0)+2 - Qu(1)=0 (24)

Ko

olul kpa=K'pa 2 A Z A ubAbAl F7h 55
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(0=p=n-1) (26)
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ch.

A1(26) el MPARA A= | Tkpy ) 11 Dl A =)
Blel obyo] f-#l55= Fad ghelch

AL (24) 3k A (26) ol 4]
kp.ku:kn-k"Mp[Z . kp-ka(0)+2 ° Qyp(l) (27)

Dp=Kpx—k"p.x (28)
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OMeC 23707
o] o] okatet.
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k=507t= wlEFgsted A2 2iat4ls e
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EAE RoFag 4
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Dasign of Adaptive Lattice filter with I~stage.

~1.25 + + 4t et +
8 S 18 15 28 25 38 35 48 45 58
Iteration number k.

O3 5 Axgee o Fv) 2xpAE
The error signals of predictor using a lattice filter.

HAgAe] AAHHE AaAgRg o] &35
stchA] " vl o = 7] (one step ahead prediotor)
& b stAIurE S5t iF7E FAEA
. &3] Griffithsell ol ekxl LMS otz
o] 838 FA4-2 17l (6)3 %ol

A e o] WhAL A kpot kep B2 U AT
offat A v} 7k A W EH wpEe HAE
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o

2

o

=
&

28 6 AEAHe AAYe FA,
The structure of joint process lattice filter,

28 ol AgAel Adee] FH&
Yi=wWoux - Bo-k+W1-kak+Wz.k . B'a.k+"'+Wn-k -B

=Wp.kT . Bp.k=Bp-kT " WD-k (31)

Fo-k‘T‘BO-k=Xk (32)
224 F e
e =dy— Yy=dk—BpnT - Wy, (33)

ol Z71daf AT de=X, 7} HE Y3t
LMS etae]Foll ofs}hed

Woan=Wpx—Mp. V=Writ+2-Mp - € - Bo.x
(34)

A(34)= A=ty e A 99 FaAg Heol
AU 23 Beat AZAA AlZ7b

ohd AmAIEEAE F a0k Bk,

£
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F88 42202 41007 4 (1) 4sh 2ol
g 4 slg
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EoL ogude, Axge o Adgdel Azade oz

2. 2HAl Z gk
The error signal value of predictors for transversal
lattice and joint process lattice filter.
time index 7p=() i';
k transy. lattice. JP-lattice. -
1 0.9529 1.0000 1.0000 S’
2 1.0007 1.0000 0.6000 :
3 0.8543 0.9000 0.1440 E
4 0.7136 0.0180 0.0520 B g s
5 0.5683 0.0020 0.0108 .88
6 0.4486 -—0.0053 0.0412 oz . . .
7 (1.4263 -=0.0071 0.0405 8 5 18 15§ 28 25 38 35 48 45 5@
8 0.2659 -0.0073 0.0398 Iteration number k.
9 0.2149 —{1.006Y 0.0387
10 0.1895 -=(),0064 0.0375 a8 7. Adde AAdy ol&r)e 9 xpAl s
1 0.1810 —0.0058 0.0 3(12 ’I‘h¢ error signals of predictor using a jint process
12 0.1300 —0.0053 om lattice filter.
13 0.1291 — (L0047 ).0328
14 (0.0885 —0.0043 ().(}3()9 ‘28 Design of Adaptive JOINT PROCESS with I-stags.
15 0.0775 ~(.0039 0.0290
16 0.0602 —0.0035 0.0270 o TR Jraneversalne-n2s)
7 0.0173 —0.0031 0.0250 3 8. 7% lattice. (H=.9)
18 0.0271 =0.0028 (1.()21’;1 ;: 8.56 Joint process.(fie.2}
19 0.0035 = 0.0025 L0212 . 8.25
20 00191 =0.0023 0.0195 R T I N PN SO
tlmn mdex T ~t) l(tvpmd] o ] -8.25+
] ka - transﬂyr_r lamu IP laltictx -8.584
1 1.02:39 LU M 1.0304 -8.7571
2 0.9469 10240 (.5880 -1, 80t
3 0.8134 08552 0.0978 oy 25l -
4 0.7311 0.0868 0.0720 B S 18 15 28 25 38 35 48 45 5B
5 0.6016 0.0875 0.0511 It@?’lt..lon number k.
6 0.4278 — 00642 0.0092
7 0.4085 — (L0901 0.0030 a8 8 gl A 6 5 Agdel A e o 2 4|
8 0.3160 00003 0.0405 9 WA g v
9 (.2133 0.0040 0.0360 Comnparison of the predictor error signals for tran -
10 0.2131 —0.0027 0.0368 sversal, lattice and joint process lattice filter.
11 01268 ).08Y6G 0.0752
12 0.1097 —.0007 —0.0025
13 0.0922 —0.0647 00318 AeaEe 27] gty mgol o A E4
14 0.1021 —0.0080 0.0245 ol Al A= f-ARRE Eelst dofx|n] k=0 Uu
15 0.0503 l).()737 0.0670 ) 2345 =)o} bz A s o] & 3 ¥ o
16 0.0727 —{).0298 —0.0191 . — o
17 0.0318 0.0023 00611 HEEH RS A WAl gt
18 0.0379 0.0674 0.0193 ek E e A} el Ralelye} 9 abx|
19 0.0436 0.0014 0.0185 AvAE sbFal We st Fopea) ae s ofel
20 00422 —0.0031 0.0145 Holch, w4k 7427} 4o Aolw] 9 AFAl 6 =

27 A A s BT £ A,
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Design of Adaptive filter with 4-welghts.

8.75 transversal.(N=.825)

8:25 [\ /\ NAA A ma DYV
JUTy e

Error signal ex.
-}
-3
o

-~1.25 + . + + +
8 20 48 668 88 100 120 148 168 188 28

Iteration number k.

O 9w A et Fol gk gubuleel ol &4 9 apAl
3. (SNR=20 dB)
The predictor error signal of transversal filter to
nonstationary input. (SNR=20 dB)

Joint process.(H=.28)

8.88 \\//x\4;4Nv’zniv;c;V~pywa\t‘w,,A o,

Error signal ex.

-1.28 + + + + + +
8 28 48 68 88 188 128 148 168 188 28

Iteration number k.

321 WA A gl Al el digh adghae] slabalef e ol %
VI 22b4l%. (SNR=2() dB)
The predictor error signal of jint process lalttice
filter to nonstationary input. (SNR=?2( dB)
AR = 3ghAl o] Alofl 4] A4 @ abAl
WA ZA ko] glgE U4 AUk H Fof
S bAoA #A, ok ubA ol 4 3¢

2] Bl Zo] o]2A oy} =
wAlze] oled Aelsl

A5 ol2t Araeh,
LR

A el Az el s ol e

Al

1.86
lattice.(M=.98)

B. 75
8.50
8.25
. 881

Pt

Error signal Fn.
o

~8.75

-1i.88t1

~1.2§ + + + + + + +
8 28 48 68 a8 188 128 148 168 168 28

Iteration number k.

]
o

10, vl A glelalgol ek Axbalelo] o) &) o 4 4]
2. (SNR=20 dB)
The predictor error signal of lattice filter to
nonstationary input. (SNR=2( dB)

Arnl Faalel BAYEE AP ok
alalet,
Fvl AT olobdt 43 Ae w3 4 223

H (window lattice filter), %} 738k 2] 2 =z} &)
(window joint process lattice filter)w o] %o

54k 1 E] (covariance filter) “F &So) v},

v.d &
4 elol 4] LMS obare] e 7habg) obael
Foraw ostel AAA4Sgel ol §2l4)

A zelof o},

of ohare)Fe Ael ol wel el H4do)
ch 2o Hof o »H%OH A ghalvle}l 7ol & 8-
Bl el Fol e 4 ahe -LJP‘]EBl #S4 5 7}
R R LI R T R PO = = )
od e ohg i‘iiﬂr.

slibil ol 4] 5= Al vl - 4) o] Zhghslt 1o
wold H4 e Qldle] #HgExrsl ma)zol
A ol vt

74 8} =] v 7 2}y B = o] H 7} v 5w 7)) =2
=G5S oy AL w2 3 u) A R

Pl sl s Fo AT epdicl

el
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