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Blind Nonlinear Channel Equalization by Performance Improvement on MFCM
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ABSTRACT

In this paper, a Modified Fuzzy C-Means algorithm with Gaussian WeightsQMFCM_GW) is presented for nonlinear blind channel
equalization. The proposed algorithm searches the optimal channel output states of a nonlinear channel from the received symbols, based on
the Bayesian likelihood fitness function and Gaussian weighted partition matrix instead of a conventional Euclidean distance measure. Next,
the desired channel states of a nonlinear channel are constructed with the elements of estimated channel output states, and placed at the center
of a Radial Basis Function (RBF) equalizer to reconstruct transmitted symbols. In the simulations, binary signals are generated at random with
Gaussian noise. The performance of the proposed method is compared with those of a simplex genetic algorithm(GA), a hybrid genetic
algorithm (GA merged with simulated annealing (SA): GASA), and a previously developed version of MFCM. It is shown that a relatively
high accuracy and fast search speed has been achieved.
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begin
save arrangements of candidates, {c,, ¢y, ¢3, ¢4}, 10 C
randomly initialize the candidates, {c;, ¢y, 3, ¢4 }
while (new fitness function -
old fitness function)<threshold value
Jorj=11to C size
an arrang of candidates,C[j],to
{ay; 03 a3 04}

PPS

construct a set of desired channel states
based on the relation shown in table 1

calculate its fitness function (FF[j]) by equation (12)
end
find a data set which has a maximum FF in j=1..C
update the membership matrix U by equation (13)
derive a new center set by the U using Gaussian

Weights in equation (14)
extract the candidates, { ¢, ¢, c3, ¢4 }, from the new
center set based on the relation shown in table 1
end
end
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Table 2. The averaged search time(in sec) for
Simplex GA, GASA, MFCM and MFCM_GW
(Simulation environment : P-4 2.8Ghz, 2G RAM, code
by Matlab Ver. 7.1)
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GA GW
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25 583188 580703 16969  1.4969
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Fig. 2. NRMSE for channel 1 and 2
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Table 3. Averaged BER(%) for channel 1 and 2

optimal  Simplex MFCM
Chamel SNR 75 “ER GAsA MFCM oo
5 1518 1521 1539 157 1521
10 452 498 471 469 449
Ch‘”l“‘el 15 02 024 025 023 023
20 0 0 0 0 0
%5 0 0 0 0 0
5 1193 1224 1249 1198 1191
10 411 468 487 465 486
C""‘z"‘el 15 101 157 134 1 1
20 009 242 228 009 009
5 0 0 0 0 0

2164

V.Z B

2 =2oMe el n iy Ad 538 A8 7t
1 7417 A48 X A 82 gud
Algtstglch Aty MFCM_GW €118 &8 o] &
2R B3 0 AgAQd e P2 g 2dE §

AP ANz 25 A A &9 JH & F33%
2IRIE v 538 7HestA stk 23 £4}
& A2 ¥4 9 Simplex GA, GASA, MFCM £ o] 431 5
3719 M RAME B, Fd& %, T BER Y
A $eE gt e 53 Fool Ad A9
T et guFo Hlsted 1 5ol 45 HE KA o
2tx 7F3-At 7HE X & 283 MFCM_GW g d &
7)9ke] RBF 58171 = £ E 84 Ad 539 o
T EEHA &2 ol ¥ 4 YAt

>

£ O ot i o
[o o
Jo o

PR
I >

[1] Biglieri, E., Gersho, A, Gitlin, R. D., Lim, T.L “
Adaptive cancellation of nonlinear intersymbol
interference for voiceband data transmission.” IEEE J.
Selected Areas Comm. SAC-2(5) pp.765-777, 1984

[2] Proakis, J. G., Digital Communications, Fourth Edition,
McGraw-Hill, New York, 2001

[3] Fang, Y., Chow, W. S., Ng, K. T., "Linear neural
network based blind equalization,” Signal Processing
Vol.76, pp. 37-42, 1999

[4] Stathaki, T., Scohyers, A., "A constrained optimization
approach to the blind estimation of Volterra kernels,”
Proc. IEEE Int. Conf. on ASSP 3, pp. 2373- 2376, 1997

[5] Kaleh, G. K., Vallet, R., “Joint parameter estimation and
symbol detection for linear or nonlinear unknown
channels,” IEEE Trans. on Comm. Vol42, pp. 2406
2413, 1994

[6] D. Erdogmus, D. Rende, J.C. Principe and T.F. Wong,
“Nonlinear channel equalization using multilayer
perceptrons with information theoretic criterion,” Proc.
of IEEE Workshop Neural Networks and Signal
Processing, MA, USA, pp. 443-451, 2001



MFCMe] A3 AN S B8 B vidy sd 53

[ 7] L. Santamaria, C. Pantaleon, L. Vielva and J. Ibanez,
“Blind Eqgualization of Constant Modulus Signals
Using Support Vector Machines,” IEEE Trans. on
Signal Processing, Vol.52, pp. 1773-1782, 2004

[8] Lin, H, Yamashita, K., "Hybrid simplex genetic
algorithm for blind equalization using RBF networks,”
Mathematics and Computers in Simulation Vol.59, pp.
293- 304, 2002

[ 9] Soowhan Han, Imgeun Lee, Changwook Han, "A New
Hybird Genetic Algorithm for Nonlinear Channel Blind

- Equalization." International Journal of Fuzzy Logic
and Intelligent Systems, pp. 259-265, 2004

[10] Soowhan Han, “A Modified FCM for Nonlinear Blind
Channel  Equalizer Using RBF  Networks,”
International Journal of KIMICS, Vol5, No.l,
pp-35-41, April 2007

[11] Duda, R. O., Hart, P. E., Pattern Classification and
Scene Analysis, NewYork, Wiley, 1973

[12] S. Chen, C.F.N. Cowan, and P. M. Grant, “Orthogonal
Least Square Learning for Radial Basis Function
Networks,” IEEE Trans. on Neural Networks, Vol.2,
No.2, pp. 302-309, 1991

[13] S. K. Patra and B. Mulgrew, “Fuzzy techniques for
adaptive nonlinear equalization,” Signal Processing,
Vol.80, pp. 985-1000, 2000

PSPNEAY] |
ut M oi(Sungdae Park)

20023 29 ool st el | t]o 58
(F8AD
20043 29 S it HEjujrio} 3t
. . (344D
20079 2% Bty AFH T HAHAY F£R
¥ ARk A3 2 94 AT
' 2 o 2(Young Woon Wo0)

1989 290 QA o8 A3

(FH*h
199103 89 AA W) &L B oj sl =2}
F a3 AD
19973 89 A Mgt Buojetd AA-Fsa

(T &kl
19971 94 ~ &7 Zoluisn BE)njtjo} T et
20073 ~ A P2 YA R FNETE A o] A}
X PA Rok: Q1A T, WE A, HA| o) &, JFEAR
ot = #Soowhan Han)

986'd 29 AM st AA-E &
(F3AD

990'd 34 v] & 2 2| t}-5 t(Florida

. Institute of Technology)
A7) AA-F 83 (A

19934 69 1} Z 2 ¢t} F t)(Florida Institute of
Technology) %1 7] A 2} 8} % (AL

19943 39 ~ 19973 29 #E i3t A FH & 3}
ZAF

19973 39 ~ AA| T stx Zer|r]o] 5 5}
s

20033 39 ~ 2004'd 2¢ University of Alberta, Canada
Ik e

20053 349 ~ @A gt gAA R

xTAEok OAEAE 2 J4A g, Hed, 9

2 ANE3 =%

2165



