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AR B K LMS & R H
%wHE EBTH

(RBEELELFFAR)

# E AxsE-MSRABTEAGSSTNRZAXOINRE L KRS K
(IVLMS) REN AR, HHSKODERE, SHERNKRNSHE. EHREERFZ 4
FENBSKAR, ¥ N ESRNEBNATHE-CLMSEEMSRLMSHRE, 3 &
BRIFHRE. :

XA ARINETHKENE, LMSAENRERE, RIHE HBREDR

HENEKSAFREN TGN RBR S, THTFER. B8H. F&,
MR, BRLBEMERAH SR, Widrow-Hoff LMSHER B, HE & B
FUrE Loy Al ARG R o, SEH B ERBEUTEZRACY. HxFHEESKLMS B3,
MBI RAEEKSEESRERARMNTE. EILER, AMBRETEHTESK
LMSEEOC~O, AXETHABERTREESSANGTLRXERE, RE—FMP
KHENTAREBHEGN N TS KRN (IVLMS) Bk,

1 AR K IMS B B3

H1HRFHEER, iR ZEURANTRRZ(G) R
e(i) =d(i) - WT() X (i) =n(i) -V () X (1) (1)
Hr, X(G) =0x@), x(i-1), -, x(i-N+1)J7
W (i) =Lw,(7), w, (i), -, wy_(1)]7
V() =W({H)-W*

* * L] T

W*=Cwy, wy, s wWy- )
i L . . . . ....;
‘ n(4) ! :

x(1) + i '
wnkugwWl system v
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. a(d
’ t @) e(1)
-
% y(1)
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Fig.1 Adaptive modelling system
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W{E+1)=W{) -uy; {(2)

RehPRER, V%ﬁ%@%ﬁﬂ@%ﬁ E—-RLMSEENREEBED

W(i+1)=W(@i) +22e()) X (i) (3)
N3 VKM FTED S h

0 <<u<<1/trlRyx(i)] (4)
B, Rux(i) =ECX()XT(1)], tr0 Vg« (8, Hp2iB/h, MEaSEFEAD

M =petr(Ryy) (5)
RICK SR HFHARESREEM () FR, R(3)TH

W (i+1)=W(5) +2kM(i)e(i) X (i) (6)
Akl E ¥, FAERIEEEKSK. MGE)EXMT

M (i) =diagluy(1), #,(1), -, py_,(i)] (7)
Hpu, ()BT R

Mw:ﬁgknnﬂanM, i=0, 1, =, N=1 (8)

Rebmb B R, TR WS AE, BT B A R .
TH, AR VERERRE. Bk On()5 x()FHE, fulfz;‘nu-z)xu—f

-D=0, @&x(DHEFME, Mx(i)50()HBARMEk,
(1 RACS), HIFREEOMOR

wi(iy = I:E:En(i#)—‘/r(i—l)X(i—l)]x(i—j—l)l

1;2 (i1l - i"g‘xu—l—f)x(i—f—z)l

—mox]*Evz(z—l)l (9)

H o BRBEABMMAEEFE, RO EFHEMWEEX, Fits RETFH()
5% i MGRENEN LR ER T, B4 MRURE H 2 2 50 435 KN B3k 7%
KBHE. s, EREBE@H, w)BERA, MRKkR. BERRASBKBRAN,
BUR B 35N, We; ) hEN, WRIEE/NMIfasLER, TR, & R(9)
HEATR(8) AN,

1.1 KR

(1 )Fa( 6 )i
V{i+1)=V(i)+2kM(i)e(i) X (i)
=V (i) + 2RM (i) (n(i) — XT(1)V (i) 1X (i) (10)



E4H BRyEE. MIRESKLMSEERAR 35

* EREEE, HEEMEOE
E(V(+1)d= EI—2kM—(i)Rx,,jEEV(i)} 7 ‘7 (11)
R, Iy e, M(i)=ECM(i)]

O K EEM(i)Rex ¥t F LI ER L IERE, FOBIR/A(11) WA
E(V/(i+1))=CI-2k AJiM'E(V?(0)] (12)
2, VV/(i+1)=0V(i+1), ‘

A= Q[M—(i)RxxJQT = diag[l,, Az, ) 'A,w]

B U S 2 e
0 <k<1/4, i=1,2,-, N )
By 0 <k<1/Amax o (13)

R e R IR AR R R, FUROCH () Raed = 3] 4> hmars MGHITES
Py

0 <k<1/trl M(i)RxxJ o ‘ o (14)
HBREO®, R(14)F5N k
0 <k<1/o% tr{M(i)) ) (15)

1.2 REREERESAE
BB EEX N ,
A(#) = ECV(i)V7(1)1 = E{CW (i) - WoICW (i) - W*37} (16)
His0 (10) Befi 14
VGE+ 1)V +1) ={V (i) + 2kM (i)(n(i) = XT(:)V (i) 3X (3) }
« V() +2RM (D) (n() - XT(HV(HIXGY (1)
BRI ERHALRE AT, ARBERO, TR
Ai+1) = A(F) = 26 M (1) R, A(5) = 2R A(3) Ry M (i) .
+4k* M (1) E{n®(i) + (X" (£)V (i) *} Rxx M (i) (18),
B THREL () = E{n2(i) + (XT()V ()P HRA LR BIE— T8 | :
A +1) = A(1) = 2k M (i) Rz A(i) = 2R A(1) Ry M (1) + 4R*C ()R M (i) (19)
RO WMPEEEZS TR, HRT RGBS HHERE. B, THHIK
&b, HRODUSH -
A(G+1) =CI1/2 -2k M (i) Ry 3 A(i) + A()CI /2= 2kRx M (1))

+ 4R (1) M ()R M (i) (20)
RA< 1, FRARTERSNTRM, WTHE LR RS — T h % 4
~1/2 <Ij2-2kRM()V<IJ2 (21a)

—I/2<1/2— 2kM(i) Ry <I/2 C (21b)
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HR(21) B KRBT & H
0 <h<1/2trCRyyM(i)3 (22)
BBREQ, R(22)T5H
0 <k<<1/ 20% tr (M(i)) (23)
E—&MMA ) E—%, RE—EHET/2.
1.3 Wn%NR
ER(19) 0, Li>oo, FHHMRN(23), HBERTEBKHITE, FXAw)=
Egﬂﬂ,m%
A(o0) = kL (c0)M(0) (24)
Hob, FaRBIIREL(e0) =Ly +oxtr(4(0)], B/NYITIRELL o = E(n*(i))
B (24) 713
trLA(00) ] = kL pintr (M (00) /{1~ koxtr( F (=0)3} (25)
HtBEIVLMSE kA&
Cexcess  Ox * trCA(20)) kol + tr (M (00))

M= = =
Cmin Cmin 1—k0§c o tr [M(oo)j

(26)

SRR (26)H RN, ER(6)d, FAMER RAMERME MG), NEH
LMSE g:mBE RN (3 ). Rk, ER(26)h, AeflsRRE&krf M(i), 7713 LMS
HEMEHE

Hotr(ID #oxN
M= * = " = H7CRyy] b o tr{Ryx) (27)

1=t rCI] 1t oiN 1T H1TCRx]

L, RN(27)5R(5)B—BH.
1.4 NR
B8 )

Mqﬁ+1)=H2§EU+1—DxU+1—f-lH

=M§§4i-nxu-j-zy+4i+nxu+1-n

—e(i-m+1)x(i-j-m+1)[, j=0, 1,-, N-1  (28)

N2 H DX ERE R Re (WBE, FHMTER. B, Rej(i+DHR

WMMBRMER— KR E, HFNIUG B ERER S, [VLMS5LMSifr, ®K %
REMIMNRRERM2N KNI,
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2 /3IBAES K NLMSFHBLMSH i

2.1 AR ESRNLMSHE

BT EE LMS Eikmiasikte, B LMS Bkt dEEskRA— kB Y H
(NLMS) &, ZBENRAREERRABEC _
W(i+1)=W(3)+28/XT)X()Ie(D)X (), 0 <u<l (29)
X (29)h, FAMG)REs, BEANHINESKIIET—4 LMS(IVNLMS) Hig:, #
BNEBEERARWT.
WG +1) =W () +28M (i) Ce(D)X()/X"(H)X (1)) (30)
R, RYENESE, MO RLG)HSHISR(T)MB)YER. TRV E &, X R
(30)XT(NX ()Tt iTERBE.
XTG+1)XG+1) =22 +1) +22(1) + - +x2(i+1 =N+ 1)
=x*(i+1) +x2(i) + - +22({+1=-N+1) +x*(i+1- N)
-x2(i+1-N)
= XT()X(i) +x*(i+1) -x*(i+1-N) (31)
2,2 A HIHESKBLMSKE

Fpbeasrd LMS Hik, Clark RRIUBEES KoyB/NES (BLMS) HENEH
B, BXREAESERIMLE, NARES - BHERPER—K. 2K BERL
XA

Wisi=Wi+ (2us/L)Z72; (32)

A, LERSBESKETF (FHRolkSEs ), WiRHES jh&EN Nx1 RE.
giétx(i—nLH’ X(i—l)L+z’ ) VXJ'LJT j’y% i B LxN ﬁi)\%ﬁi picl E- XkéEXk,
Xh-1s "y XhonetdT A RIANERE. 8j=(ej-vrr1s €i-vLsas s CiLJT%%jﬂELX 1R
g, Tieldi-yp RHGHFARENNEHE, v DERBHES % B, LY
SANBIESREE, N AYBEREBRFNEE.

R (32)d, AEME)RE, BHEARNEEK, RERREFERK. dik Y
AR KBLMS(IVBLMS)H B nF -

jL
Win=Wji+(Q2/L)KM(j)&} éi=Wj+(2/L)KM(f)k (.Em_ 1e"X"
. AL AR
=W;+(2/L)YKM(j)D;j (33)
FERBOMEN TR
it .
dij= 2 CRXE-i+19 i=1,2,, N
R= (D L+l . .

/?"\"=k“i+19 _tft-’%jg
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JL-i+1 .
@ij = Z' Cnsj-1Xp =C_;#X],y i=1,2,,N (34)
e (j5T) L-j+2

BR, MAREHIH—HXBE, THAHGTLERRBTEES MEFFT Rk

K.
ERG)HM) K -
M(j) =diaglh(j), Ho(j), +bn(i)] (35)
b () BUE I SR
WD) =1 3 buiutls i= 152,050 (36)

3 HHEHERISR

3.1 \VLMSHEDR

BB EERAR L EENGRRL, RRNAERM I BUEE S BEIRE
F B O 2% 7

(1)HBAFEREZES, BHH20, BEATHENSHEARE, % LH
10dB, LMSE #:#=0,004, IVLMSEEk=0,0025, m= 5. [H2 % i LMS & &% f
IVLMSH ik gyt 2 STl R, BHy 5 MEZECr ISR,

BTV (ab) o : Lo LT 2 _7“‘1—;-
N - -
. - G
v SWINAL  SWIN
) M VLMo oL=
o - b
- - MV g_
L R\“MMM 0
- ¢ " e (av} (N3
B2 FRSAKH TLMSRLM B3 EERBA R FLMSEIER
IVLMS Bz s sk TVLMSH R MRS Bk
)& )

Fig.2 Curves of weight noise
power in stationary input

Fig.3 Curves of weight neise
power in nonstationary input

(2 )@WADEFROWERES, REHEN1Hz, 25 o0.05Hz, BT =20, &
HAEFFE B Hx(i) =sinli(22/T) + (27/200) « Mod (i/T)1 + FHIM R >, HipiRi
FAFH, HiMod(« )=/ THREERY, WABEESHRAETHC-0.5, 0.5) X457
MBS ARE, KMALREHER2KEHARE, LMSH % #=0.,006, IVLMS
Bk=0,0035, m=5, &30 5 KRBT R AR T %5 i &,

( 3) M TRLEMEERNE, TRAB I TRER, RAESEINTREL, P
YRR
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d(n) =x(n) +0.,1x(n-1) n<<200

d(n)=(1/2)x(n) +0.1x(n—-1) 2n>>200
INEBHENB SR bR, AN S A%AE, (5% 20dB, LMS Bk a=
0.08, IVLMS&E%k=0.05, m= 5. RANw MR, &4 AHMRHE B0 REE
Hhk.
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Fig.4 Weight o, tracking curve for (a) LMS and (b) IVLMS

(a) LMSHZ, (b) IVLMSHE:

3.2 IVNLMSHEHHX

THEBREL, RARENINEAELEFIRBMIEWER, HMANEERES, B
FABEaME, 4% p10dB, NLMSE:hsE0,02, IVNLMS B j:dik B 0.006
fimERi2, & 523&ﬁﬁﬁ&m$ﬁ¢ﬂ"§fnmi = S 4R.

3.3 IVBLMSEZER

T &MES53.2 HE, 5%tk k20dB, BLMSHws,=0,008, IVBLMSH k=0,05
Ffim=5. E6JHHAHELA 5 MR EHRIRE I EZE 4.
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Fig,5 Curves of weight noise

B Fig.6 Curves of weight noise
power in stationary input

power in stationary input
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ASCIRH—Fr e B & TR 20BN BB Ky & (IVLMS) 8 %,
XHFRE SRR T E BT, e T R ER., WREERGURNBARAORL
MEMBSRADMK, BERSHSREDENY 5 S, 5 LMS B & 8 Ik &,
IVLMSEGETER FER M SOR E SRR E T RRARBEVN R A R H. AN, /4
IVNLMS#IVBLMSE L, WEMRBERHSFENIREGRE) X,
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An Individual Variable Step LMS Adaptive Algorithm

Chen Junliang®* Tang Yunan

Abstract An individual variable step LMS adaptive algorithm which varies its

step size adaptively to the correlation between the input signal and prediction error
is proposed, A physical explanation of the step size is presented, The condition
of convergence, a matrix difference equation for the second moment of the weight
and the misadjustment of the IVLMS algorithm are derived, The noise power of
the adaptive weights and the tracking capability of the new algorithm are eviden-
tly superior to the conventional LMS algorithm both in stationary and nonstationary
inputs, It is shown that the comcept of individual variable step size is also avai-
lable to the normalized LMS and block LLMS adaptive algorithms,

Keywords individual variable step matrix, LMS adaptive algorithm, second moment
of the weight, wcight noise power
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