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Abstract

In this paper, a modified Fuzzy C-Means (MFCM) algorithm is presented for nonlinear blind channel
equalization. The proposed MFCM searches the optimal channel output states of a nonlinear channel
from the received symbols, based on the Bayesian likelihood fitness function 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
that of a hybrid genetic algorithm (GA merged with simulated annealing (SA): GASA), and the
relatively high accuracy and fast searching speed are achieved.

Keywords : blind equalization, modified fuzzy c¢-means, nonlinear channel.
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1 1 -1 1.89375 -0.48125 (a;, az) 1
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-1 1 -1 0.53125 -0.48125 (as, az) 1
1 -1 1 -0.48125 0.53125 (az as) - -1
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2 %3, o]z)gt #H}AHL Bayesian likelihood
2 g ghol © o4 ¥R & W 7HA
B3l 33, ALgd MFCM €&
M a9 29 Jely e

My (e 0

.........................................................

g . Flndh g Godh R RN ¢
W o k A d Ty i i :
b Risthrd ¥ .*s?mm

28 2. Aok MFCM €¢18E& &M%

a9 24 & 4 Jdxol AgE MFCM2 ubR
AAANA g 5F T4 FF7F Hdi7 He A
d A WEE A9 AMd 29 AH @
{a;,a9, a5, a4 }0)l S FR 84 {chepnep 0} E

-385 -



nlg] AHE E 19 9 FIG. ole
MFCMO] g4 HAHe Agd dE dEE Zo} 71

t AL ¢ + 3oy 1 FRE X 1 Zo}
ai 47H—4 HEl 7 YE e ueA e

Y € Fe A 47 Y8 JEiE yeX
AANe Y1, & JdehdtE AL Ui =3
Qs Z=9 while FEZAM= FF7F Hozt

T Ad AH H4HE 7] 93 RE ojF =
& C,CQ2),.,C02)9 wa} g Ay HEHsES
T3 AAHoE MFCM A &5 4
= A3 olgd A4S FY HE ¥ "dae d
. Sbste MFCMS 2o H& M2E FH
22 {epepepa} B2 E 19 {ap ay, 0504} 2
Ztel oz i WA HY] d&Eoltt F ANFA
T3 FCMe T4 dHHE ¥ 19 iﬂé FE o
B2 3589 q,9 AXd Ae &S ¢ 2F, q
9 g 2, a9 #FE E, 283 o8 TS
.ol ddgez2AN FF7F A7t sl Co U9
2 ke A R ¥ BE Hd Y “1"2 £
Al Hot. waA Adx ko WEs A W
53¢ o ol WA fow, g4 uiP
23 dl)eo] Hdegddes A& dgugez g
2% C2),C03),...,C(12) —h& Ad e HH 9
T8l BE g0 g, 0,9 ¢, &, a9 &,
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F3E 718 5 A
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H(z) =0.3482+ 0.87042 ' +0.34822 *
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A71A Ay pe 2, FHIIAF g5 1, 19
I AZAE de lold. 2 EE FFol e %
9 wAyg Qg 24 dFdF FEHY &322
s(k—1) oo, 167§(27*"' =16)9] o] Ad 4
g wWE9 82! =8, ay,a5,057,05)8 A
2 Ae &g 7HA. ol E 29 uERY ¢
th. ¥ 29 wlAd¥ Ade Age dAFLE ’El
FEAL 7HIRYE AE & F Utk ]

g NE g T a® a;, a0 a2 EJ
£ 7HA FH3ord ¢ HH ;& 6
(28] AEANAE a, =a; =1.0219,
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g4 &
< &
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a, =—0.7189), X2t B =F9 HAFdAE
2 ALE st 8/ Ad 3 AH
B (00005 05) 5 B AOE A

4
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s
7}
A vk

%m.-,é?

X 244 20 s g &8 e g3t o)AA Alg A W eheo] A

Bl Ad H(z) =0.3482+0.87042" ' +0.3482:7%, D, =1,D,=0.2, D, =0.0, D, =0.0,andd=1
ASAE 16709 o143 Ad AE 4 T3] &9
A A Ad &8 Ay gez 74, .
stk) stk-1) s(k-2) sk-3)| y(k) y(k—1) s(k—1)
| {av Ay, A3y Gy, A5, Qg A7, aa}

1 1 1 1 2.0578 2.0578 (a1, ar) 1
1 1 1 -1 2.0578 1.0219 (a1, a2) 1
1 1 -1 1 10219  -0.1679 (az, az) 1
1 1 -1 -1 1.0219  -0.7189 (az, aq) 1
-1 1 1 1 1.0219 2.0578 (as, ay) 1
-1 1 1 -1 1.0219 1.0219 (as, az) 1
-1 1 -1 1 0.1801  -0.1679 (as, a3 1
-1 1 -1 -1 0.1801  -0.7189 (as, ay) 1
1 -1 1 1 -0.1679  1.0219 (a3, as) -1
1 -1 1 -1 | -0.1679  0.1801 (as, ae) -1
1 -1 -1 1 -0.7189  -0.7189 (ay, ar) -1
1 -1 -1 -1 -0.7189  -1.0758 (ay, as) -1
-1 -1 1 1 -0.7189  1.0219 (a7, as) -1
-1 -1 1 -1 -0.7189  0.1801 (a7, ae) -1
-1 -1 -1 1 | -1.0758 -0.7189 (as, a7) -1
-1 -1 -1 -1 -1.0758 -1.0758 (as, as) -1
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2 Ao vnyd GASASY MFCM ¢xdZ
2 9% HSEvuge ¥ 33 go) MHAIYPgew
ol UL F ¢nEFY AT AA JAEL v
X2 ol Fe vHlAHAY Ad EFAA FLA
ALY, a8n T d3Ed: EF 4 (12)9
A Ao BARFFTE olfdtd HHe FY A
B #&Z e dddAs FRYE 1000789
A4 AR sk), -1 L& e ANEA 47 o
g 7§ #™W(SNR=5, 10, 15, 20, 25)q w3 z
Z} 1039l =Z¥€H HAYEES Adste HITFHFe=R
AF%E AEddeny HIFg vz EHE HH 2
2 AF ABd tha]l GASASY MFCME d£3
o2 AYPsuct

9 32 15db #HeslolA el Ald 1, 20 th3h
GASA® MFCMe| H#ste 53 g el
FAEE UgdYg OfdAM B £ Q%9
MFCM# GASA EF F Add diste A<
=3 g4 gtoll g3k MFCMo] A3 o2

mzA =2d@dS B F 9o ol MFCM ¢
1 Fe TERAH G AU AHe=w I F
+ d¥d i FAHFAHA Ay Fx9 Hues E
49 e} gl

¥ 3 49 4 sy g

Population Size 50
Maximum number of generation 100
Crossover rate 0.8
GASA -
Multation rate 0.1
Random initial temperature [0, 1]
Cooling rate 0.99
Maximum number of iteration 300
Minimum amount of iteration 107
MFCM -
Exponent for the matrix U 2
Random initial output states [-1, 1]
e — T
-mrr_ S mﬂ '''''''' N N e GASA
_:.“."i ul

o LU | L UL Y CUNVY M S v—
i H N N o m & W 0 W W
Genncalion i Cureration o

29 3 A 19 20 gg Hase AYS g
o A AHA 1, eezAyd 2)

% 4. MFCM# GASASl Ay &4 Ay g
Fr Y $E (9 seo)

* AT 0 P-4 258G, 1G RAM, Matlab ver 7.1

___Channel SNR _GASA MFCM
5db 76.2453 0.3672
10db 76.8344 0.2766
Channel 1 15db 75.475 0.2375
20db 76.0375 0.2297
25db 76.2812 0.225
5db 205.0853 14.6094
10db 200.5969 11.2969
Channel 2 15db 200.8891 11.9375
20db 203.2812 12.4188
25db 189.3297 13.2281

gl B AYdMe F dudFeE FAHE
Ad =8 e ge AEEE vudrl sty
Al (13)e)  A<e¥® Normalized Root Mean
Squared Errors (NRMSE)E A4St & T
g 3 &AZAI= I8 49 YEY o
a9 42 RE A s MFCMo] GASART Ayl
Ho2 F Ad EFdA NRMSEo] Ho& A
& ¢ F 9oy o Aygs MFCM 2s)
A9 A3 &3 JH @o] GASARTY ¢ RE
e AL YFe

1 1 K
NRMSE= —— \/ mi;-zl | a—a; | (13)

A71M o HH 28 A gold, o= 74
g 28 A #olx m& 49 Ar-(m=10) o4,

TEre \ m
0 * J
(]
és o X, .._.".
! of .
A o)
é(._.‘ a-.
N
A% e L
*. at
L L ] ¥4
g
2§ 4 2
3k L
; A 3 —_— . . L
e % it * x ' 0 T3 20 »

4, Ad 13} 20} i NRMSE (22%:d
2244 2)
FoZ RBF 5378 o|&3tod Z4 Ade tig
HE Jd 8 &(BER)E A st #H3e g
e HEle F gnEFeE £ E &Y AH
HEZE TAHE Ad AH HHES 244 RBF &
3}719) FAlo) ¥31 BERS ZA3s¥ew 1 #
A= E 59 YElY Qo F dadFE EF 34
ol Ad e HEHE o]&F A&} FATE
Bolu} 4die 5db, 10db, 28l aHd2¢ 10db
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SoAlA MFCMdl ¢ola] FAE Ad 4 HYE
o]2 3 RBF $3719 ogjgo) ¥22 & 5 9
t}.

¥ 5 Ad 1, 20 A& Pt BER

Channel SNR states GASA MFCM
5db 0.0799 0.0822 0.0810
10db 0.0128 0.0128 0.0127

Channel 1 15db 0 0.0001 0.0001
20db 0 0 0
25db 0 0 0
5db 0.1161 0.1172 0.1186
10db 0.0481 0.0493 0.0489

Channel 2 15db 0.0106 0.0106 0.0106
20db 0.0013 0.0013 0.0013
2odb 0.0007 0.0007 0.0007

6. 4&

2 =fdAe EEQ= Ay Afgd 53 &
AE MY HA 82y ugdFL L3y
gAsHT. 7|€y dTFEHAME BAEY Ad
o FZ& 2dHE] sty ddiFoezs B3
AZE Aoy E dFdA A MFCME
o] &3l ol HA glo] AY &7 AH g
FAFLEN EQIE H|AHY F3}E A
AT EJ FARE HZ A2 GASAE o) &
¢ 37199 HudME FYPE FYPLET
?]il BER WA $-8& JFdgen E3
&= "M MFCM 418 &9 7238 d¢g
o2 913 & Bayesian likelihood® ZA 4=
AFREA = B3l GASASE vla & 4 ¢
= ALZY Yy 5L BEiY. wgA
MFCM ¢1gF 7|8te] RBF 537 2=
NAE Ag 3 EAlo g 2LAQ H2 w
Holzt & 4 AT

el
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