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LMS equalization algorithm based on the IIR nonlinear channel model

MA Chan, JIANG Shu-nan
(College of Communication Engineering, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract; In high-speed data transmission environment, the basic encoding rules( BER) performance was mostly affected by the non-linear
feature of transmission channel. Aiming at the non-linear feature brought by the power amplifier, the least mean square (LMS) algorithm
based on infinite impulse response (IIR) nonlinear channel structure and the construction of IIR structure based on nonlinear channel trans-
mission system model were researched. According to the model, the parameters of nonlinear equalizer were estimated from LMS algorithm
based on IIR structure. The simulation result shows, the proposed IIR LMS algorithm can achieve more satisfying ED performance within a
certain range of SNR and the inter symbol interference (ISI) of high-speed transmission channel can be inhibited effectively by adopting non-
linear equalization techniques.

Key words: least mean square( LMS) ; equalization; infinite impulse response( IIR)

P o DRI A A A55CH ) o A% i T RS ] T4, %
SR DK A R AR AR

R MEAR B E AR RO 5 AR R
BAF T B —3B 4, Rl BF A A {5 T 1 s TR Ltk
AR A TR S 3 . ARG — 2L T Vol-
terra JHURHY () [ 38 N 3445 R AR 21k 2R G AR A B
PRI ERH T Volterra 2% 7Y 1 B FRAE ) R
il #E SEBRPA T B 23 1T I 1030 52 2% B v ARTIAC Sk 18
G, JTAER, 3ET Volterra ZBUBE Y 14 45 #H 2 3k

0 51 &

TEAR Z2 A0 AL , 0 BRI B B A1y — 2B v 15
F B AR LA A AR Ze M R B, i A R 4 TR
H AR TR TR AR R G D SRR
e BRI AT IC12 ARLANEZE M X — AL, SEBR A Zh 26
TR & B RAFAEE —E R R ICICE . e 5 &
Girf R AR AT LRSS , 70 DA TR A A A E Lk

FRPERS, FEEAXT BT % &, (eI BE RS,
TR At BCAZ RN+ o S 25, 9 HL 2 R R AR RCR 7
AR, X RO T AR RGP, O
FESRH U BORY R A 98, BRI 1 id

14 %5 B #7:2009 - 10 - 30

DA R BT AR R o T
AR A 2% B A i W BG4 L E. Abd-Elrady 42
T BRAS AR AN A 4RI 2544 Fl Hammerstein 547
g7 XD TR T S BN, D

EEE TS #1985 ) 2o R A, EZNFE S 515 B A7 H A HF5Y. E-mail: machan508@ 163. com
BEBRERAN RXIEH, B, BIEHZ, +4: 5. E-mail; zhaozd@ hdu. edu. cn


http://www.a-pdf.com/?product-split-demo

.72 HL L

™ % 21 %

REAR T I A A B RIS B Ta] . eGSR 4544 By — >
RN G e — AR PR LS A AL R, & o] N B
JRLAMERFIE R — DD i AR b Hetn, RO AR n]
DU ZES) 22 45k s ™) A M, 75 Hammerstein 5
TAZERG B AR S 4l M PR AR 2R PR 25 F 2 T

AP 2EFEH % E R ] IR Hammerstein 153 51 45
FVE R ARG R GG AR, 33 P = 2 34 45 45 4 AH 7
HBO— A IR 4i gy 248" 28 % i ook F1) gk
NCLMS( Nonlinear Filtered-x Least Mean Squares) 35 ¥
DMETE TIR 4k 90 JF £ 1% 4 4 4% 19 2 8, Ho, IR
Hammerstein Z2 5% 145 FI S 800 2 TS BUE

1 JET IR S5 R ARG R 4
o T ) g

ARG 537 Hammerstein #5250 F1 2 455 A (17 B
fill BBl AR RESH M T — 3 F TR 25 Rk
PeAs AL R Gt ™ s 1R, B a () FoR
Hammerstein 58U (1% [ {5t R AL ] AR, e (L) FoR4EG)
R (14 S5 Tt 2R 0 ) A

IR Hammerstein

w

BT T 1R S5 R IELE L R TR Y

B 1 gk 48769 IR Hammerstein 45551 2
— BT A R G, XA RG] LA (1) &
NH

H(z_l) xz(n) =

y(n) =p(z )x,(n) = m

thxz(n—m) +2amy(n—m) (1)
m=0 m=1

H(z™")

He,p (27" = m

AGT) = S,
H(z") = Z‘OhmzwO
T FORIERIEME, W 2 "x(n) =x(n-m), A
i x,(n) E SN
% (n) =g x(n) +g,x° (n) +-+ +g, 2" (n) (2)
LN M, F T ) B B 0 T DASRGR A
2(n) =f,(m)y,(n) +£,(n)y3(n) +-+ +f, (0)y3 (n) =
0, (n)y,(n) (3)
Hirr

0,(n) = (f,(n)fo(n) -, (n))" (4)

¥y2(n) = (n,(n)ys(n)-y3/(n))" (5)
HEE S v, () ATRARIA D
_ -1 _ W(n,z_l> n) =
ya(m) = g(ns )yt = PEEE D)

S w.(n)y(n=m) + 3 e, (w)n(n = m)

(6)

Winz™) g B3 C

Hrp,q(n,z7) Sl Cna)
(n,z") M W(n,z") & XN
Cln,z’") = Zcm(n)z_"'
(7)

W(n,z”") = Zwm(n)zﬂ"

FE LR SR 0 I
0=(6,0,0)"
0/:<fl fz
0w=(w0

T
: .fmf)
T
wy cw, )

0.=(c, ¢ Cm,,) '

AWFIEE) B B9 I T IR R FE B A
NCLMS S At i+ 2 80m & 0, fie/N 7715 22 i ) 22
KRB BEEH J(n,0) =Efe’(n,0) 1, Hre(n,0)
TSR RGN AE S 2(n,0) (H 2(n) ), HXF T /5 2
FT d(n) FiRZEN

e(n,0) =d(n) —z(n,0) (9)

Horbd (n) WAL 5 «(n) o ARG E/ NS TT R
ZEUEN AR S50 i 0 N AL T (n,0) Ky
S0 ZINNIE 0 R s R S R LT |2 S C IR
BRI NCLMS 53, NR RS 80n i 0. 435K 240
)i 0 J5 , Y fr a5 il 1R E TE 4, B 24
)i 0 SRt m T — D RRERY I R, AR AMEE
O TE R e A AR AL, S ke E8T AR, S 40 & 0
Wbtz AR, I B m e T — B R E (i,
AR E MR REIE , WS En & 0 X — A B L
HeEish .

X TIZARL A AR R AR S A PR A —
I TRIE SZ R 52, S B A S Eim) i 0 T RES IS
Bl 22 AT O RARLE A AR Al Sk
R BOR THELR MR E R B R SR

2 BT IR AR M5 E AR ) LMS
(RS
X LY NCLMS 8403 7] D)3 4o Bl B A e vk o

(8)



%3 T g, AT IR AR B LMS WAk 73
Tk y(n)[6;(n)Y(n)]
0(n+1):0(n)-/;—AT(n> (10) y(n=1)[6;(n)Y(n)] (15)

w2 A/NT IR —BR§0E o8
KT, A(n)i'%ﬂ?ﬁfﬁ”rﬂi,%lﬁ

= 2w gt an
G (8) ,ﬁj;((”;m@ﬁn?
ioces = (o) o) () )
SefrhR (3) W "
0.ty =00 = 02 A e )
(13)
H(3) 52(6) FIL(13) A1, o T DL
.
azgr;;e)za[ﬂf(';zz(n)J & (n >6y2(un)
7o ((%”) (%) (") ) -
a)ﬁ<n>((ay;;j)) 2. ()28
il >(”;,§”’) ) i
fe 2yz(n)ay2( - tf, -l(n)ay;;w”):
ey s 2 n) e,y ()] =
ay2<”>[a,<n>y<n>J (14)

Hrp,Y(n) =(1 2y,(n) myy ' (n))" =

(1 2[0(n)y(n)] m, (0" (n)y(n) 1" )",
FHEBFE(14) gy 22 ‘”2(”) WA, KL (6)

MK y, (n) BRI, T[/J\‘Pj\j‘]yz(n = 1),y (n -
m,) 215§ T LYY 2% 1R 3 B BT B
Zlcm<n>yz<n —m) FAOY p(n = 1),
m,) B B R I E AT

6z(n,0)_3)’z<n) T _
) B2 () V() ] =

7y2(n -

y(n-n) [0 (n)Y(n)]
A (6) 50 (14) A (15) , AT 220y

de,.(n)
dz(n) _ayz(n> o B
dg.(n) - 00, [0f(n)Y(n)] =
y,(n=1)[6;(n)Y(n)]
y2(n=2)[6;(m)¥(n) ] (16)

y:(n=m)[6;(n)¥(n)]
A, EH O AT T12) Py
LRI, A RR BE T A(n) o

3 fiE4S

FELAT 07 B A U (R4 R 1% TIR Ham-
merstein ZR G
() _0.26 +0. 77721_1 +0. 77z 2y (n)

1+0.5827" +0.42272 +0. 06z (17)
¥,(n) =y(n) +0.5y"(n) +0.25y"(n)

TERXAM Had B B, B3 i X > R G E LR
AR B R (27) =h (27" ) I H 6, =6, TR 44
P % 0 2 M RN A 2 M B ) S 80 B iR B
m,=3,m,=3 fim, =9, B AfFFEENEL -1,1]
Z [BIFEAL AT RS EE S 5 000 BYREAS

A4 )5 1% 22 i HI R A s Bk PR R, B
AE [T A 1135 2% L G LR SRR R et S 5 3
IR . H— 3R 2 ED & XANF .

dz(n)
de(n)

+0.26z7°

ED(n) —IOloglo(:in))}}) (18)
ZHL I WA AR -
0,(0) =(1 0---0)"
0,000=(1 0 0 0)" (19)

0.(0)=(0 0 0)°

IR LMS BIEX AR EME L (SNR) ) ED fnfsl 2
i, M E A WL, SNR =20 dB [ ED PERER ] T
-25 dBZ: 45, SNR =40 dB 1) ED PEREMIA%] T -60 dB
Kitio

IR LMS FyE AN S 0 45 00 L 3 B R 45 44 P
&G I ED P fig LB (SNR =30 dB) G &l 3 i
No B3 AL AL E OB AE R R IR LMS Bk Y



<74 - Bl H

™ % 21 %

ED 7EERZ 400 IR ZJGFETE T - 30 dB, 1 A4
R R TIR NCLMS 53519 ED 311 A Fa € 1
—30 dB, Mit&4k%E T %, 7E 2548 5] 4 000 R 25 5 3
T =55 dB, ME3 Al LIA A& A i Y TR
NCLMS 5351 ED Mg B B AL T AN & AR 25 4 1)
IR NCLMS & 3: 1 ED 1ERE

20 T

ED/dB

-100 1 1 ! 1
0 1000 2000 3000 4000 5000

BRI

K2 LMS #¥EAE SNR =20 dB 1 SNR =40 dB fif
(¥ ED TERE UL

ED/dB

0 1000 2000 3000 4000 5000
IEARUEL

K3 LMS SEA & RUBAS ) FIAL 5 S 154l

FITE LT B9 ED TERE HLEL

4 Gih

AT T HT IR JELAEAFE 454 1 LMS
K I NZAE ARG TR R i e i S8 TR
RN AWEFEAR B9 TIR LMS 5395 [N 52 31 {5 1 1
ISR 22 A — 2 224k (B AE— € 19 SNR 5 Bl TS fiE
B NG ED PERE. T H. TIR LMS 53k e 7
FAREEFTEOL T/ ED YEREW] AL T AL 55 S A5 45 14
UL ED PERE, FEET IR HEZRME(RIELE Y LMS

PR SR N T A R G, A O T A
T B ], AR T AR A AR B RS B 1]

2% 30k ( References) :

[1] KHALIL H K. Nonlinear Systems[ M ]. Upper Saddle Riv-
er: Prentice-Hall,2002.

[2] SINGERL P, KOEPPL H. A Low-rate Identification Method
for Digital Predistorters Based on Volterra Kernel Interpola-
tion[ C]//Proc. of The 48th Midwest Symposium on Circuits
and Systems. Ohio: [s.n. ],2005,:1533 —1536.

[3] GAO X Y, SNELGROVE W M. Adaptive Linearization
Schemes for Weakly Nonlinear Systems Using Adaptive Line-
ar and Nonlinear FIR Filter[ C]//Proc. of the 33rd Midwest
Symposium on Circuits and Systems. Calgary: [s. n. ],
1990:9 - 12.

[4] LIMYH, CHOYS, CHATW, et al. An adaptive nonlin-
ear prefilter for compensation of distortion in nonlinear sys-
tems[ J]. IEEE Tran. on Signal Processing, 1998, 46
(6) :1726 — 1730.

[5] SCHWINGSHACKL D, KUBIN G. Polyphase representation
of multirate nonlinear filters and its applications[ J]. IEEE
Trans. on Signal Processing,2007,55(5) :2147 -2157.

[6] ABD-ELRADY E. A nonlinear approach to harmonic signal
modeling[ J]. Signal Processing,2004 ,84 .163 - 195.

[7] ABD-ELRADY E. Nonlinear approaches to periodic signal
modeling [ M ]. Uppsala; Department of Information
Technology ,2005.

[8] DING L, RAICH R, ZHOU G T, et al. A Hammerstein
Predistortion Linearization Design Based on the Indirect
Learning Architecture [ C]//Proc. of The IEEE ICASSP.
Orlando: [s.n. ],2002:2689 —2692.

[9] GILABERT P, MONTORO G, BERTRAN E, et al. On the
Wiener and Hammerstein Models for Power Amplifier Predistor-
tion[ C]. Proc. of APMC. Suzhou: [s.n. ],2005.

[10] IBNKAHLA M. Natural gradient learning neural networks

for adaptive inversion of Hammerstein systems[ J]. IEEE
Signal Processing Letters,2002,9(10) :315 -317.

[11] LASHKARI K, PURANIK A. Exact linearization of Wiener
and Hammerstein systems[ C]//Proc. of The 5th ICICS,
Bangkok : [s.n. ],2005:917 -920.

[12] ABD-ELRADY E. A recursive prediction error algorithm
for digital predistortion of FIR wiener systems[J]. IEEE

CNSDSP,2008(7) :698 - 701. [ 4mEE. 5 %]



