S5 1 1674-7070(2013) 03-0262-05

TR ZZ BN B R &

BE

At A T4t 2 bk et 2 5 98
EWAEE B REEX L ks X
WL RET —HATEEZIHKY
BAER AT Yok m A R4S
EWERAE A R (MCMA) fo$) 2§31 4
& (DD) 4% &, A A 2 #FH kiR £ F SR
M EARE M, R E T #Heg AR H T RR
FiEk,NEEHNIEXRAST 2 A HE %
HYAE Y], F A A M dE R b e AL,
Bp i fE 4R P R 69 U T L6k B L 30 A 4%
Min¥ewE A W AR E . K FATE AT
Agmst—F oW T iZ kN SGR E
g AR
KA

B £ F G AR KM R AR
BRIk K F Az

FESZES TNII
XHEkFRERD A

FS HER 2012-03-27
REITE T4 HRBIE3E 4 (BK2009410)
EEEN

oM L, W oz, B O [ s A
5 5 AL B KK P38, zypgic@ 163. com

1 mEfE R TR BT 58 TR¥,
R 50,210044

[ERSLL T RTS

k¥ wi'

0 355

KR FRGe b, K5 (5 T8 A BRA 56 e 2 1R300 &) S 305
SHFAT , TG | ™ RS ] T3 (Inter Symbol Interference, ISI) , %
Je R AR B Y E AR SR HTE BB HOR AT LA RO IR 2 AR5
R e I TE B SR 1 ( Modified Constant Modulus Al-
gorithm , MCMA ) 7EAC f R I B 3 M (1 BAE A , 1 A 32 A iff o
(AR BEFe 520, v LA AR B RS e . 5 A, MCMA B B0 1990 B
ST SSCE 3 R B RS Sh i, (EE e S4TSR A A ) T e v i
55|38 ( Decision Directed, DD ) B A 18 & 24 B, Y SGHE J&
H TR 22 /N 0 a5 AR B fd ) e 78 T 2 e 5 SR A g B, T
PN s

ASCFESr A MCMA 1 DD S3E A RR A, S 00 17 56 T 22 R 2K
IR AR & B WAk TR SO IR B B, LA MCMA ShH i35k,
SR AE LR S T BE D7 ] 5 TR R v 1 P 2 31 158 22 ek )
(R H AR DG, 57 P 2 22 (R A RCER L 6 2R iR B0 s A U1 i B Y,
FETREE MCMA (9% 52 58 1 Fl DD B33k A W SOPE RE 5 18 31— 1y A2
SWEUE 581 DD 5k, LSRR/ ia S ilesiiR 2. R
KPR TER R AT AL B, 5 SR 2 ] ASCiik [ 4 ] i 3t 5 vk
AHEE AR SOt A 3300 BT B DR A AL S5

1 WRXLXEHEERZ

1.1 BEYERFEER
5 R GRS RS RN A 1.

n(k)

—»\ fmiaxf \ 2] e }—>

B MG RG A HARER

Equivalent model of blind equalization system

Fig. 1



D171 0 24 225 L. (RFIEIR,L2013,5(3) 1262266

Journal of Nanjing University of Information Science and Technology : Natural Science Edition,2013,5(3) :262-266 263

SOk AG T g (18 ), Y a8 s 5 P A
Y FRANT

x(k) = Z{h(k)s(k—i) +n(k), (1)

X (D), s(h) RIS S 38T 5851 h (k)
AR i WS, (R ) R 37 A T8 A2 v
P BB 0,05 25 0 o X (k) ¥yt ik
P50, X (k) = [x(k) ,x(k =1) - x(k-N+1)],
N g 3578 o A Sk A JEE

B 1y (k) A 05 55, (k)
HFg e R ST k) R N B 1 &

Sk = [fi(B) fu(R) e fy(B) 1T, (2)
Hep, [ - )" Rk B H.

R a8 Je FIR 454, A A S R AR

y(B) = XT(RfC) = gﬁ<k>x<k—i>. (3)

Kt ar B BCR BOE A AT

Sk +1) = f(k) —pe(k)X" (k), (4)
Hop, [+ )7 FRoRILHE,e(h) AIRZ I ,u J & AQ
LK.

L2 WEAEEZNARYIHRTT E
XU KRB g 3 e FLHAR & B R 5C
SR U B U 2B 1 AR A B U B .
h, B A RURE 44 L SO 2 Fh AR R
B B Bk =2 A R B ) 4 i ILAR M & 4 4 B 1k
AR RSP RE 5 DD BDBURE U030k 2 B2 DI U5 %
2 FIPRIG 5 A P 7 BRFNAF 5 5 ) e 45 Sy ) e v
W, ek A R AR P A B AT SE DI IR
RITEAE LAGE TR R 2 0y iR 22 L R AR A2 S A, 45 i
2 AR A R A B R L], e A R
AP T) L 91 5 4 2 Foft ) B2 A
2 ETFRERFWIEXNREEHEEE
ASCHR T —Fi T B RO R S A A
(HY-MCMA + DD, HMD ) , A5 SR A5 A i 1] 2
- eyeys (B) Fll ey (k) 23515 MCMA F1 DD 5531
DRZE BRI HI, 1 Sy 0 BRI 1Y G2 T R0 A 24 7 1% 22
wmr:
Ey(k +1) =pEys (k) + (1 =p) | y(k) -3(k) 1. (5)
ALK (S) GEit R xR 22 6 A —MIOE I8 i
i, p AT 1R, MR p BT 1 ST
PRI IR ZZ L S8/, BRS04 55125 0 e 8L

n(k)

LGN X(k)

K12 HY-MCMA + DD Sk ) By 45 R
Fig.2 HY-MCMA + DD baseband equivalent model

HE AR 35 BB AR RIAT 1 T 44550
B8 D) A4 1408 D2 1] OB R, A5
P il 15 0 1 2 L ., 7 3% M 75 B 0
W FI I d (R

d < = (6)

YA S A (k) BT 3B, Kb d, ,d, e d,
ACk) =
0, Eyw(k) = d,,
Aer(k) - Aer,min
Aer,max - Aer,min ’
L, Eys(k) < d,,
b Ae. .l Ae, o AP Ae (B) (K = 1,2,3,,k)
A ERAE AR/ MEL, Ae,
Ae, (k) =1 eyeus (k) epy (k) 17, (8)
Hoh Sk 280 1m) 1 5OR 7 B
S (b +1) = funn (k) — pewn (B) X" (k) , (9)
DRZEPREON ey (n)
euwp (£) = (1 = A(k) )neyeua + A(k)ey,, (10)
Hor g g% MCMA (YRIEGALE , A Eys (F) 7EAQ
IR GRIiEA T
M (10) w1 PLAE Y, 7e W s iy & 1R B B
A(k) =0, 535 LI MCMA 25 35 fRIIE T IR 18k
Ji 1) s BEAE AR AT, MR T R 2 Eys (k) Bl
INEAT dy Fdy Z BN, SRR ARG BB, IS
0 <A(k) < 1. 455 k YGEARIT, A1) 15 22 B BCE AR
SRR I3 A5 B AR AL (9 4 L. 5 2 FhARE Y B
AHSEMEBR , TR 22 pRAGBHZ T HI) Ae, A, JIE I 8
LRSS, it A (k) BT 31, BBt m i
BUCSERERR ) DD 59, 5 > E s (k) (KT d, B
ACk) =1, AT SRS B, 58 2 D14 DD
RT3

d, < Ey(k) < d,, (7)



SRHE N, AF. 2T R R IR & H WA

264 ZHANG Yanping,et al. A dual-mode hybrid blind equalization algorithm based on error function.

FIHI MCMA H1 DD 5835 i 1R 22 oR BCH A S,
AP S0 05 B Bl A 4 ) B30 0k ) ik AR Le ], e e
J&E 7350 A A% MCMA 1 DD S35 AR G811 A
P AT R DD R 5 A Iy o5 — R
AR YAE GRAE T WS B9 [ B, X6 B 48 i A 2t
11 7 FZetlint. 7eM5 5 Kk AR w7 , AN BE R ) 2 D)4
IHLATE DL T, 3 Bhsh 2542 i 2 b5k H A R 1Y
J7ik, PRIE TSRS 2 .

3 BRFERSH

SCHRL2 T 42 7 — B R A e 6 MCMA i
DD 47 H] 48 i UL L5 12 (MCMA + DD-LMS) ;5 3¢
HRO4 T4 T — Pt g R 2 0y iR 2 a1 T FR
I (X B AN AT 40 B IR CMA 37 (Hybrid
New CMA, HY-NCMA ). MCMA + DD-LMS 5434
AR A B BEAHSA S, HY -NCMA 54 SCR AL 43 B
X, HEEC IR GRS, 5 BB ks A%
2 KRN MCMA 5 SCR A 1475 FL LR,

K FHSCHR 6 ] {518 , HoAR 2 R ECh
c(z) = (1-0.1833z)(1-0.1987/z) (1 +0.656/z) ,
{516 m)

¢ =[1,0.274, -0.2142,0.023 9],

FEG N /3 BIARA e , {5 5 IR FH 16-QAM By ik
T M R (S R E R 25 dB B KR 9 x
107 M R oo d Sk wIER AL, sk K R 12,
R T p N 0.99, WIHRALTE o R 8, Y ¥k i {E
d, =D/2,d, = D/20. ¥ s S E R A i) T
P 181 /7

> U h(k) #f(k) 17 =1 h(k) =f(k) 15,
5 R R . (11)

| h(k)? s f(k) 1%,

X B R EERN ) SFE AT T 20 IRSEFER P XTI
P55 i el St Ze anfal 3.

ME 3 e LA, EiZfFET
MCMA B335 (R W Sk B e 18 HLISCSRU fl) o) A g ]
i A, MCMA + DD-LMS,HY-NCMA Fil HY-MCMA +
DD WSS ol A i) T-Hedse /N, 29 - 38 dB. [m]f 7]
PIE H, fEURSIGE B -, HY-NCMA (HY-MCMA + DD
% MCMA + DD-LMS W S8 pe, v AR SCHE H 337k
TEZ) 2 000 YA HE AR A WS B , 76 W SIGH
BE F AR F HY-NCMA %4 600 7. f1 F HY-NCMA #iI
HY-MCMA + DD % AR 53 B & 07 s, nT LA
WA PR A R A IR B BORI AR E W S B B HY -
NCMA F1 HY-MCMA + DD & 4 i 8 it 48 5 A< &

[[S:

=Sy —+— MCMA
—»— MCMA+DD-LMS
10 —e— HY-NCMA

\ ——HY-MCMA+DD

s ET4E/dB

4 000 6 000 8 ()()()

LUK
K3 fEIRLE 25 dB AR S R AT & £
Fig.3 Relationship between iterative

times and ISI when Ry =25 dB

0 2 000 10 000

A BAE R 40T B # v, ol LUA H A SCRH]
MCMA 71 DD 539515 2 R BCH AR S X 5 e S
JE I PEHIVERE , 72 800 W ZE A7 AL HY-NCMA f i
Lo, LA I T 8 R AR RS [ 4, m] W AR SC
e A SE AR SE - A L.

R S eI IE 5 ¥ AT Al 4a, {55 2
BN ATAS Al JEIN, IF Bk A T AL eSS , 14 4b
ARSI T A 5 W45 5 B e, T LU 31 A DR 14 7
WAl UL, EL A 0E T P T8 B | RS A AR L e , 1l
T KR AR5 1 B PR P A LUK .

TE LR 5 BAE T 5 1R LR 5 20 dB, )
BREAE A d, =D/2,d, = D/10, AT LIS EIEL S By
ANHRS A AL 2. 18 S w] LU AR A I e iy
MCMA + DD-LMS F SR 55— W BOR 2, (H
SRR AR [A] 4L 8 HY-NCMA F1 HY-MCMA +
DD A Fr gt e, il WA S RE A AR, TTHY -NCMA
I HY-MCMA + DD AT - R B R A 7 A i 18] 412, 24
=34 dB, i HASCE AR T HY-NCMA. Y S0 JiE
I HY-MCMA + DD {/3f);F HY-NCMA.

4 LERIE

RSP T — T B2 TR 22 pR R U TR
A E B DT R RO T i SO
PERE. @ K S (58 T A D7 5 b, HOl SO B A T
SCr PR R A 2 U R SRk U 1Y
] PN WSO BB bR, A 4% T MCMA A1 DD
SVE TR 22 PR ELAR S, X AR L 9 AT T
B A R A P ], R AR R LR TR B T B Ak
SR, BAT—5E IS



D171 0 24 225 L. (RFIEIR,L2013,5(3) 1262266

Journal of Nanjing University of Information Science and Technology ; Natural Science Edition,2013,5(3) :262-266 265
15, HRTHIBR S S 3Tk
gl References
10} :
(1] sk KA EEE T EEE 5k M. Juat.
05 r G ,2009:4-6
- ol ZHANG Yanping. Underwater acoustic communication
= channel blind equalization theory and algorithm [ M ].
05k Beijing; China Meteorological Press,2009 :4-6
(2] W28, NP R, —FhosUs X E A s (0] Jb st
-10 b L 22247 ,2005,28(3) :50-51
PAN Lijun, LIU Zemin. A dual-mode blind equalization
-15 —1I0 —()I 5 (I) ()|5 1I0 1|5 algorithm[ J ]. Journal of Beijing University of Posts and
IH Telecommunications , 2005 ,28(3) :50-51
a Ky 5 % [ 3] Fan CP,Liang W H,Lee W. Fast blind equalization with
Lor Sy T R two-stage single/multilevel modulus and DD algorithm for
0.8 * * * ’ high order QAM cable systems[ C]//IEEE International
0.6 - Symposium on Circuits and Systems,2008 :3001-3004
04r (4] &b, TER U TZHF QAM P AL 8 A K
ot @ W W & IR TN ]. T20,1997,25(7) 13941
E (s XU Jinbiao, WANG Yumin. The study of new self-recov-
-0.2 | * * * ‘ ery equalization techniques for multi-level QAM modula-
-04 | i tion[ J]. Acta Electronica Sinica,1997,25(7) :3941
-0.6 1 * * * * (5] Fwg BRI, R, 5. —Fhd B850 e 55 4
-0.8 f + SiEBEWAREOIE )] @ E4,2002,23(6)
-1.0 06 “02 0.2 06 ) 105-109
S WANG Feng,ZHAO Junwei, LI Guijuan, et al. On blind
b I I i S B LR equalization united by constant modulus and decision di-
. N rected algorithm[ J]. Journal of China Institute of Com-
P4 HY-MCMA + DD SR i) fr = f2 i munications 2002 ,23(6) :105-109
Fig. 4 Input and output signal constellation [ 6 ] Hatzinakos D,Nikias C L. Blind equalization using a tri-
chart of equalizer of HY-MCMA +DD cepstrum-based algorithm [ J ]. IEEE Transactions on
Communications, 1991 ,39(5) :669-681
- —+— MCMA [7] Oh K N,Chin Y O. New blind equalization techniques
10 \ T ggl\{l\éﬁj{) -LMS based on constant modulus algorithm[ C]//Global Tele-
——HY-MCMA+DD communications Conference ,IEEE ;19952 .865-869
o 15 [ 8] Lim W G. New soft transition dual mode type algorithms
4_:\; for blind equalization [ C ]//Wireless Communications
;, 20 and Networking Conference,IEEE ;2007 ;504-508
Z o5 [9] GongK X,Dong Z,Ge L D. A joint algorithm between
timing and fractionally-spaced equalization applied to
=30 QAM signal [ C]//International Conference on Electron-
W o WO W ¥ ics, Communications and Control ( ICECC ), 2011.
33 0 2 0'00 4 OIOO 6 OIOO 8 ()IO() 10 (I)OO 634-637
BEAUAL [10] Lim W G, Kennedy R A, Abhayapala T D. Reliability

5 fRMELESA 20 dB IR ARYUCECS I AR 2R
Fig.5 Relationship between iterative
times and ISI when Ry =20 dB

based soft transition technique for dual-mode blind equal-
izers| C ]//IEEE International Conference on Communi-
cations 2004 ,5 :2641-2635



RN , 2. R TR 2E BB XU AR 5 B A k.

266 ZHANG Yanping,et al. A dual-mode hybrid blind equalization algorithm based on error function.

A dual-mode hybrid blind equalization
algorithm based on error function

ZHANG Yanping' JI Lei'

1 School of Electronic & Information Engineer, Nanjing University of Information Science & Technology ,Nanjing 210044

Abstract On account of the characteristics of the statistic and instantaneous amount of blind equalization algo-
rithm , this paper proposes a new dual-mode hybrid blind equalization algorithm based on error function by analyzing
dual-mode algorithm. Concentrating on characteristics of Modified Constant Modulus Algorithm (MCMA) and Deci-
sion Directed (DD) algorithm and using correlation between the two algorithms’ error function, this paper finds a
new way to select weighting factor,which can control the weight ratio of the two algorithms in the dual-mode dynam-
ically and choose the time to switch accurately. The algorithm can switch back to the right proportion even in error of
judgment , due to its dynamic characteristics. The underwater acoustic channel simulation experiment illustrates the
superiority of the algorithm in convergence rate.

Key words blind equalization ; error function ; correlation ; dual-mode hybrid algorithm ; underwater acoustic com-

munication



