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Fast Blind Equalization by Employing Frequency Domain Block Constant Modulus Algorithm
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CMA(Constant Modulus Algerithm)e 713 48 AH45H32 e B3U= A 353 ¢nIdE Fo shiolg.
¥ =8dAMe 24 dolee AH&E3E ATET BE CMAE #5817 Al Addos Asg BHoe Ay
3= BCMA(Block CMA)E Algtaln, oj@ EUlE DFT 498 H¥ " 7388 + & overlap save W
4% A4¥ FBCMA(frequency domain block CMA)& A ¢tgtt, dubxel Hials ¢nalEsn g8, CMAY
LAtgpst v Helr] fBe Fo4 dhoA CMA & A faMe Fo JddM Aag g4yt 39
sojof gty & =RoME Parseval® BAAE ALLE AZ2E R4 49 CMAY 2AH$FE F9dln, olg o
439 DFT(Discrete Fourier Transform) 992 A% A4 & Rt CMAsS FBCMA9Y Aaze #z
O(N®)., O(N log N)22A, 889 7] N o] 4% AUR ¢negel #ads, 294y A3 Adsie dny
T2 e ANFoR NE CMAY FAIT %€ BYS ¢ 4+ AU

ABSTRACT

The CMA(constant modulus algorithm) is one of the widely used blind equalization algorithms. In an effort to derive a fast
algorithm of the CMA for high-speed equalization, we first introduce the BCMA (block CMA) which adjusts the equalizer coeffi-
cients by block processing of the received symbols in time domain. Based on the BCMA, we introduce the FBCMA(frequency
domain block CMA) which take advantage of the fast linear convolution in the DFT domain by using overlap save method.
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However, unlike the conventional least-squares methods, the error function of the CMA is non-linear. Thus, in this paper, a non-
linear error function in the frequency domain is derived using the Parseval’s relation. Also, an adaptive algorithm in the DFT
domain is developed to adjust the DFT domain filter coefficients. The multiplications required for the conventional CMA and pro-
posed FBCMA is in the order of O(N’) and O(N log N), respectively. The computer simulations result reveal that the proposed
FBCMA shows the comparable performance to the conventional CMA, while requiring much less computations.
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AAAA R Estele FAY ATk, E§ olF Bl A
2"oME 1 24 E FAEST 3y, adH,
HDTV &3 Zol nd o839 A4 ANagle H$

HERNS & 438 or2 ALy nd gus
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SHE A =@

B, B =2dMe 889 Zelg "H9] o7t N
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d48 AHed dadEozs Iy 19 CMASY e
=7 AAlEe v CMACA F371e Ase F3
719) 235 E i 2ta Tof vl &3

J = E{llz*~R)" 1)
g A28 sheu, o714 R,

VO
e T 2

A CMA $8719 Ax
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Ne 4% vi& N AY Bdaedz Halsed, ¢
WA EY k WA BYE oy ge Wy

Y= Winwe Yiwer . Vivena)' 3)
2 Jegua, k WA 3o A3 E
;k = (Zkn, Zensy ) Zevan-)' (4)
z(n)
1 Decision f—
A\
fzl*
Rp

a8 1. CMAY 7l8x

www.dbpia.co.kr



B/ 99 88 Constant Modulus Algorithm¥ A3 a4 gelcs A4 F3 171

Input \ Qurput
Y= (Yur e Yoo

Zk = (z'.w () :..-4.",1)

f(n)

—p S/P > Ck)

RS F—»{Deccision f—>p

r

NR,

Ol 2. BCMASY] 8%

o2& HEE Jehid, z & 98 % g% 2
& gHs "olzt MY A%

ck = (Cok, Clk“", CM-1k)t (5)
o AYFAMS AR dojA}. B39 HASe &
o] @A BCMAS 2SS H23 she e
2 Agded, B =EdAe BCMAY 2R Jy

2
=2

Jn= Elt=5 \2 - R (6)
o ol Ao sk ALY WU FEHASF HEE
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N-point
P
—p1 S/P ? eDv::u: o &

Gradient Constraint

Npoint |l 8T Lol brs
t
IFFT N Data L

13 3. FBCMAY 8%

www.dbpia.co.kr



#wxX/F9% 99 ¥ Constant Modulus Algorithm& AH¢3 24 gl g 53 173

add, A 4949 HYdEe d3E A7) A
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27} 2 /49 N-point FFT9 A4tge] £rlHoz @
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7t o % a3k AAF FBCMA JAAe (10) A
Aetg “Central Spike Algorithm"& AF&3ich.
F, A9 9elA 719 27IgE

6 =1(0,0, -, 0. 1,0 . 0 @8

I Fo] Figwtg I'Bda. JdA RE AFe
0oz 2713% %& DFT & AFE T34 494
o 271ZL . AL ¢nAEd Ad Py
€ AF FHiolct. £3el Heolst WH el N
49 7]&9) CMA ¢ FBCMA 9 43+ #Z%
O(N % O(N log; N)olt}. o FeXe 2o AA
& ALE B4 R, ol ALY TulEe 4
& 24P E B3 nAFAET,
4. Adg vln
FBCMA® Huel Zye& ALFe otk B
A= FEVN Y ANES FA HEYd 28HE ALF
FAFHGE AT AL¥ez 898 4 Ut 71FY
CMA ¢t FBCMAS A3%E vialy] sste] oA
A Eazrgel AEd Badse diaA adtdtat
Sl NEg vtel e 1Y 3ox9k el Weig

dol, AxER 9 A7), FFTY AVIE& 44 M. L. N
olg} &a, o714 N& M + L - 1o| FFTE& 47
F8% 4 e N = 2" m=1.2.--ogdxn 714,
ol4 71&e] CMAS FBCMA 7} 819} & AN
L A AT E Heig3tn ALy 888 F4
& n2sa. CMAY 2% ¥E 9 Hol7t Moz
L 7ie] 48 98 MLY BAF4¢ dsye ¢
F A% AFHEE HAA & HEYG M e Hig
A3 2M+3 A dAFAol Fasid, add, g9
BaFAe 3 719 AFHeq dAstedel g4 3l
222 (1), LAEE 284917 98§ CMA 9 2 F
Ade L(BM+3) 94& ¢ + 9. §48, UFBCMA
o A%, ¥g=H3E 9#8AM 2 /H9 N-point FFT 7t
gastn N N9 BaFael Bastt N-point FFT
g 9% 22 #4945t Tlog,N-3)+20m2 (1),
UFBCMASY H"eE o 285He BagAdse
N(log,N-2)+47 ®tt. UFBCMA 9 A4+ #gg
AT ALNFS A (26)1A8 Ze] N Mo BAFA
2N+1 9] AgAdel 983, wad, UFBCMAS
7% "ejdojzt Melz, LAY &L 28 A7 ¢
& * HAF454E 3NlogoN-N+139¢ ¢ % it
CFBCMAS A% 2 M9 N-point FFT 7} &7t2

£ 1 L9 23488 971 A% FBCMAS CMAY 443449 vla

N M L CMA UFBCMA CFBCMA RATIO1 RATIO2
(CMA/UBCMA) | (CMA/CBCMA)
32 8 25 1675 461 665 3.633 2.519
32 16 17 2227 461 665 4.831 3.349
32 24 9 1755 461 665 3.807 2.639
64 16 49 6419 1100 1688 5.830 3.800
64 32 33 8547 1100 1688 7.763 5.060
64 48 17 6579 1100 1688 5.975 3.895
128 32 97 25123 2573 4121 9.764 9.096
128 64 65 33475 2573 4121 13.010 8.123
128 96 33 25443 2573 4121 9.888 6.174
256 64 | 193 99395 5901 9753 16.844 10.191
256 128 | 129 132483 5901 9753 22.451 13.584
256 192 65 100035 5901 9753 16.952 10.257
512 128 | 385 395395 13325 22553 29.673 17.532
512 256 | 257 527107 13325 22553 39.558 23.372
512 384 | 129 396675 13325 22553 29.769 17.589
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283lE 2 6Nlog N-10N+257/19] dFAlel Hags
¢+ v, ® 1de CMA ¥ FBCMA o 5434
% 3 B&ol AASY Utk N o] F¥ss
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c}.

b, 2ojdy H dsiE4Y
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o] EAldte Fu AHA weld A nEEn
A vk 39 4v B FelA 2o 4¥F FAAMN2HS
M7t AAEH sled, 9714 x(n), y(m)# z(n)&
7tz A3, #4403, B3d 2B E m| @),
M QAM(quadrature amplitude modulation)®}
HErY e AHEHATR Hsa. 22E, 54 %
Axde o4t F71249 H(z)E inphase 4%
H)(2)9} quadrature A% Hy(2)& Zet. geAd,
H(z)&

ATER

H(z)= S (hGm) 4l 12 ™ 9

Y

% ol EAE 4 ded, A7IA M2 Hdy Aol
2 h(m)F hg(m)& #Z inphase 4 ¥3 quadra-

B2 B2 57}

ture A& Adel dH2x gdoitt, Rody dMe
AYHQ AR Aol soiy Add] sty 4y
sdded, PR (18)dM AAG BiA%rs A4
2dg AHEERAT R 24 £ UM AHEE A
del Juagsol EAIH dm 29 59 1Y 6ol
Fotg gool EAEO Sith WA 16-QAM A F
W& BCMA 9 4%% % 22 Ade 2ddr n
et Bkt 1Y Tedle 16-QAM Mz d@
BCMAE A& AMdE2719] BER(Dbit error rate)
Aol MAIH AT, 974 Al&E HEFHUE A5
¥ 32 & FIR ¥deoln 324 p& 0.00001 o4
50,000 718} 4 &Eo] AIRSHUTL. N =149 3%7 A
P9 CMA 98 44 ded, a2 HEo] iy
¥o #=9 Avle dislM BCMA2L 4% 724
CMAS B%ed fAehd, E=9 arst Fo1std ¢
el AEAss S 4 £+ dvk. a¥ 8de
CFBCMAS UFBCMAE BCMA9Y 7% 43
AYRAoA modY¥F BER 237t AAH o} gich
@, YoM BSs 8, 16, 32 2 EAEY A%E
FBCMA 9Ax Hele) "o M o] 247 8, 16, 32 ¢]
2 B9 Ze] [, o] 42 9, 17, 33°):, FFT o A
71 Nel z}z+ 16, 32, 64 Z$elck. 1Y 8o+
CMAS¢] BERE 37 Ar#ed, & E/N, %

A4d9] impulse response

n 0 1 2 3 4

5 6 7 8 9 10

hy(n) | 0.0000 | 0.0485 | 0.0573 | 0.0786 | 0.0874

0.0922 | 0.1427|0.0835 | 0.0621 | 0.0359 | 0.0214

hg(n) | 0.0000 {0.0194 |0.0253 | 0.0282 | 0.0447

0.30314| 0.0349|0.0157 [ 0.0078 | 0.0049 | 0.0019

Transmitted Received ™ Lo
Symbol Signal \ Equah:f:)ngnal
x(n) CompleT y(n) Adaptive
H > Eq 1 Decision
(2) C(z)
Blind Adaptation Algorithm + Decision
Directed
V]‘ Mux l:

38 4. A AHgd gAY
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& A e 39 FBCMAE CMA & #4+g stz Pz 4 Ao
BER %2 E¢E ¢ 4 Ut 2Adl ¥ 8ellA add V1E9 CMAe d¥E 271949 S8
FEG e (15 X3 YKol dyEy F¢ AMEE D, FuRe durd o2 DD(decision direct-
Q2N e AL AREHA Yotz oA Ao ed) & ¥ ALg=o] AHAHQ BER & FE3 230
& ASAErE fitte Aol ol AL [15)d Argstz g M mEld . B wodgdMeE a¥ 4
A AA P Eol ALFE 7 e PN, AN o} #Ze] DD ¢zl @4 Al4d FBCMAY A%
g9 Ao FurEs 0 A9 Aegez Y g nFste] 2okl 1@ 99lE 16-QAM 4T di3d}
e ARl (27)3 BE A FFRYUE ALEER] gol o DD ¢nAEFH A 218" CMASY FBCMAS
= UFBCMA+T CFBCMAS% #AR H4%8& A& & BER %0 Arse] sled, e 9 i4E 64012
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Quadrature
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Equalized constcllation of the QAM signals (SNR = 25dRB)
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FHAF #E 0.000001°12 80,000 /el 4J 8ol AHE
HoAt. A¥elld A 10,000 MHel AEL
FBCMA AH&EA5 ¥ 70,000 /A9 HEL
DD 232FE 3o AL&3EAT. adelA HEof
DD ¢xnaE# ¥4 AH4¥ FBCMAE 71&9 CMA

Quadrature

Reccived consiclistion of the QAM signals (SNR = 25dB)
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9 e o fFAEE € 4 U 29 10 A& A
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A Alslo] g},

6.8 £

£ =fdMdE 71EY CMA9Y AL%E dExoz
24 + Sle M2 FHO5 99 CMA® Ad3dc
%, FFT# ol&3d @3y Nalg gozH &9
& H4ET H8Y AMFE A &Y + dE
FBCMA#& AAsgt. CMAE HHY 2A3854E A
43t 71&d FArddg HE¥EH 71Y (FBLMS) &
Ged A48 £ gley. AYE FBCMA A& 7|
€9 FBLMSSte 23 o9& Parsevalel Fe g
CMAZF #4459 AYE ALgdcde 43¢ &3
M2 DFT 999 A& AH83td FBLMS 2
o AN FFAA} oA, &8, QAM 3} ol
Az7t Fa242 Agse A, 9¥Ed A4 Nz E
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FFTE AMedte AR Aud% dLE37 43
. 2odd A3} AUF FBCMAx &9 Heirt
F7vgel me okt AwAEE Biou. olw Eet
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directed algorithm)® #o] A1&38tH F¥& AFol
BAdgde AE 2Y £ g ", FBCMAE A
dol i Fol Ashal o2 dif i AdelAM DD dn
2HEH WA ALEE =4l &2 A Y F
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g, & =74 2 Hgeorw
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