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ABSTRACT

Complex-valued blind algorithms which are based on constant modulus error and Euclidian
distance (ED) between two probability density functions show relatively poor performance in spite
of the advantages of information theoretic learning since the inherent characteristics of the constant
modulus error prevent the algorithm from coping with the symbol phase rotation caused by the
complex channels. In this paper, we show that the symbol phase rotation problem can be avoided
and the advantages of information theoretic learning can be preserved by introducing
decision—directed mode to the blind algorithm whenever the equalizer output power lies in the
neighborhood of multi-modulus levels. Simulation results through MSE convergence and
constellation comparison for severely distorted complex channels show significantly enhanced
performance of symbol-point concentration and no phase rotation problems caused by the complex
channel models.

Keywords : complex-channel, blind, equalization,Euclidian distance, information theoretic learning,
decision—directed, dual mode.

* WAIA 2L ZFAietn A BEAF e, 14 (namyong @kangwon.ac.kr)
AEDA 20109 79 229, FAY9A 20109 89 29, AAE YA 2010 99 3Y



74 SIIHHHERSAI|L8E=2X| H3Y X%

Td AE g9 =% glo] Ad S3 #HE
Fdshe EERIE 53 7S 74 Zuid UE
AaNA HEol JAA] BAAE B A ASE
HAA Fd A8 do] EF glo] A= d4d"
Ade] 33

PlE U EQ A

olgfgt EERRIE 53 5
[2l.

Ardel wstel] whEA 4§ty K St
SIE QFE Folud YoM FH L=y
Qsirh 8 9 ofy}t B4 AdolA op)HE
B 9 A=l disiMe iAdE = e T
gofof st} EERle duFoR A4 REY
2 4u8]E (CMA, constant modulus algorithm)
o] YA o 2ro]al 9OovH3] o] HaE|Fo H]
4 5= A9 ZEHS 93 (CME, constant
modulus error) ol et A5 FT oA+ (MSE,
mean squared error) Wl ZASE] RHEO R
g, eak AEs 85k MSE A% Ve &
g, AR o]&% &% WY (TL, information
theoretic  learning) [4] < AR ¥dd (1P,
information potential) = ARSIl 1 "ﬂﬂé =
el Ao o]FojA] ek of7]q] 3 ¢
i 5L Ad gE dUE 3 S [4]
= oy AAE &85 FE W= 5 (PDF,
probability density function) ©] 2x¢lt} o]&]3h
ITL Wo] wle) Sels 2e A|~ele] o3 A=

14
2

>
fill
o
ﬁi

k1
N

—-—‘ro
o uZ ofN {1t

5o MSE 7130 ols] 8 Azswe] o3 A
Foll vla) JYFE U= P EEE Holw, U3}
ARl B vk 8 UE 9 R¥E N
<l 0] PS5 = ATHAL.

,d
)

o2 ARk o8 7HA] B 71 Tl
HiE A G Aelel fEele A
(ED, Euclidean distance) & H43}sh= 715&
]‘]. glo g :ruﬂgo} AR ._LE-"/\ﬂ_Q_ E]_f’,—_7]oﬂ x_ql
z;sﬂl-g]_oq u].o]g_ 94?‘51— 0]:.4 z]ttl o /\1 [6] == /\E1

g 8
=

>\

(o3

S L

2

Az BERlE 53 [7] o o]8so] Hedt s
FeE w3l

T, ITL AlE &2l 53 dugl5e sk
2, CME & ng A} gE UE ek

o
lif it
e
g
_>‘~1_4

:4115], %5%/“ A}o]g]
distance) & Haslsl= 7ol AMEEATH (8]
gy o] duglEe CME £ 7Rz &7
el $8 f=elde ﬂmﬂd«l %ﬁ}oﬂ ﬂloﬂ

Tl = )
g UERISITE o] daglEol 7%1 ITL
o e AdA 9 A wAE S5 #
UEF, o] =i, &8 Ao ths EEd
2~ ko] 2ol 918 wdecision—directed (DD) &
= [9I10I11] 2 A2l 7leAE BAlshks 71
S AR o]&EH TFd FUlet FshE V1S

IR B,

AE A koA 58 &9 Ns Vi 9
B

o] A= BEP 2 FE (constant

modulus) Ry o] Aolm  Aelmi=  CME:
2

Cowr = |il" =Ry v, o] wj Azl 3 v)g

35 Foya o] MSE 7158 Ag-sh
2 2
Foyy = E[(|)’k| -R,)7] 1)

o1 R = Elld [ 1/ EId,[ ] o

L 7] wez 749 Sale 93 g X,

:[xk’xk—l""’xk—LH]Tﬂ— Az mg W o)
g3 &4 Ase yk:WTin s Ro)=N
Steepest descent WHo = X o] 7l5xE 2o}
7h= 7ol vt 22 CMA datg]solt [3].

% 2
W =W, =2l ey Xy - 04 '(‘yk‘ -R,) 2



o
[0}
o
@
o
=)
o
@
o
o
o
o

n
o
(o]
u
o
n

N
L)

ne
K

o

oln

o
>

op

e

J
>
=)|=

U
lo

nlc

o
re
In

oln

I
ol

CME and ITL o] 7]%-& = =
UeEE WA Aol WA A 23
0ol AEHEE sh= ED

o g WE 5 fE(e) o} el g
5(e) o f3el= AYE Az s v

ED[f(e), 6(e)] =
o,

183

et gol A¥ & 9

EDLf,(e),5(e)]= | f7(§)dE +[ 5 (&)d&
-2[ £(&)8(&)d¢ G

ED[fg(e),0(e)]=1F, =2, (E=0)

o) Mg FHE Beklm Sa) 483 93}

M= 92 CME, €cme = |yk| -R, 2 y
i]?‘"SJE‘r. 87 HE o] HlE ¥4 CME #el 0
o AFEe] 1 g5 9% 2¥7} 2 FEES o
FLE EiR=d H]-g-gh4=

ED[fy(ecyr)s0(ecp)] = HaslsHAl

A CME-oa 4w zaa Pog = 1289s
2 go Az, Sr(lar =0)o) 2ase
T g2 AR T4 PE o= Hus == 3
= go] AelA F AH we) el AHe) A
8 JlEA2 WS "o

o] CME ¢t ED ol &A% o] wg 5%

ED cME 2} 3Phd

EDCME = IPCME —-2PE 5)

= g8 P 918
= QRS W [1 18 Tt 2o] =g

1 N
Seleeys) = Nz G, (ecyr — €cv;)

i=1

S

1 —(ecni —Ccuz;)’
- exp[ CME - CME ]
N o o2 20 ®)

2
oxgr Cor =i “Roe wa @

=y
W @) Bstel TEE o) 38 UE g4

‘J’z‘z)

1Py =[ £(&)dE =— ZZGJ Y

llzl

%

E:LiG (v, - R
NT T

A7 @< 469l e g5 EDog o o)

®



76 SIHLAXEMI|IAEIH DX X3 H3E

OED,
Wi =Wy = Hevie-mep WCME ©
al;DCME
A7l oW = A el V1evIek sl
wel 18712 et 2ol wWE HAY 5 gk
of wj ofefl Ak Re o Im & Hago] d4 It

34 &5 ZHzF EeRIc

aED CME — + v
ow 1P Re T IV 1Py Im

- 2(VPE,Re + ijE,Im) (10)

yr ‘yl‘ )]

VIPCMDRe_ZNZ 3\/;22 p

1=l =]

2
- ‘yz‘ ) Wige  Xige t Vim* Xiim

~ire Xige ¥ Vitm  Xitm)] an

y, ‘yz‘ )]

VIPcuElm 2N2 SJ;ZZ Xp

[
-(|y,«|2 _|y1|2)'[J’1,1m "X re = Vige 'Xl,lm

- (yi,lm : Xi,Re - yi,Re ' Xi,Im )] (12)

ﬁ: (thc-I—yLIm_R )]
2

PERe —
20

'(yiRe + yiz,lm -R,)- (yi,ke 'Xi,Re tim 'Xi,lm)
(13)

i g k—i+lz gAsel Wl Feleld 2

2
X

[
—Or—'
2
=
oo 1
o
. P
N
e
ey
i,
ﬂl&
=
A
ol

ot Jz fo 2 2t

ki
%
£
o:

2 Y (yiz,Rc + yZIm - R2)
PEIm = | 7

No*\2r 5 -20

'(yfz,kc +y1%[m _Rz)'(yi,lm “Xie ~Vire 'X[,lm) (14)

29FH (14)°l olze dagFel sl H=t

IV. ED =22t} DECISION

DIRECTED ZEof 7|38t 7Y ZE=

galole S35 2dngls
CME & 7]&2o2 3slo] HE 355 AT

s sl el 2 e a2 i =Ry
S Azdo] BAstnE Ba el 9

| g 4ue 9 Gk CMA e 84
Z gyoz ntd tem o] A=

FPou = Z(R Vi ) + Z(R

ieRU1D ieR1D)

+o.t R, - +
le};( v[)? ’ERZ(Z v (15)

HlE 3 (15)7F Haskd ), 9 dEe 2

N o ie R ieRYT

of
R DL
K3
o o
e
4
pac
v
=
T
=
il
N
8 o 1py

Hgoﬂ/q A G A]E’_ 7(4 CIENS QXJT%
t}. CMA ¢} stop-and-go &alEls

[e) [e)
e Y5 ol

Nt

+
£

[t
=
R

H

=

2
:OL_l’
E



Decision-Directed 2E2t §22IE 72| AN2|5S AEFt B4R ga0lE S35 7

d RE Aol AL [9)[10][11]. Az HF MED-DD-3:
=

-

A4 BERIE RER FaeEs if (-Th<|y,[ =R%)<Th),or

o] Ryo] 25@ dodel 9wl DD mEw 543
¢}
=M= o] A4S DD-1 ol

a1 %A R
o]

A S
(~Th <|y,| = R2) < Th),or

~Th<|y,|"=R%)<Th
sro] AR7)Z Ealate] e grdecision(y,) ( |yk| ) )

3} &7y = P 2}o] Wia =W, =2uppepp Xy

else
1

Vi AdEd.
H

OED /e an

W, =W, -
k+1 k lLlCME—MED aW

= rle
DY
L Ma oo rlo

2 DD Rz dggte] glo] 3 A ke <

®e A MED-DD-12 w7 Ry shy wrg )

_ 2 2 = =
3B o Sgsks g Ry =V3T+1 g zow 39, % WAl Aok MED-DD-32 Al
Al W7 BEE s)FEow agihs Fo] that)

1D o agsle vy R, = 12 +1 o]
374] 37F4 iAol sltk (o] wmEoAE o] Hh

3
< DD-3 oz} spllth. v s vehli= A
e e e B AE A

3k Thg wgiate), Fo mue vgs 2 _ ' ' _
o] MEDZ2]|Zo] DD-1& #1438 MED-DD-1 (F1£ /834 /14374343 o =
3 DD3E A|&§ MED DD-32 Aletetaxt & A 16 QAM B4 B4 o AlEgolA
=8 o Faloint 54 AR A5 Az Sgoln B
A3 W RS T 93 TS do)E=
MED-DD-L wa gae ge H(z) s pom [0 A4
Eahg Asol= Hak 00010 WA FSo] Halz
. 2
if (| —R,) <Th) =
W, =W, =2upenX; Hy (z)= -0.141z7' +0.95z
else +0272z°-0.078z7*
OED ) )
Wi =W, = Heyp-siep WCME (16) H,,(z)=-0.004z"' —=0.919z
+0.37z27° -0.089z7* a7
MED StmeElse Y% Fd A @

Hyep-cve = 0005 o3l Ad Alo]2E 150082

sten DD BEe 8 ¢ Hpp = 00062



78 SEHLHAMXSMI|IAEI SR X3 H3T

stk ®A 8 dake 1dlel veERiIvh

15 T T T

10 16QAM ]
—o—MED

5 M —O0—MED-DD-1 | |
——MED-DD-3

MSE (dB)

Iterations (number of symbols)

J8 1. MSE 8 M=
Fig 1. MSE convergence compar ison

MED ¢ig]lEe A5 BE# 2] 7uke Fi1
AAA EHA A 9 ds ®BAdSHR] Kl
T2 ITL E4S AWgd= 5 dB o8& ¢
SHA] &skal 9tk gk Jle] wHES Vo ® Wb
el Haek &9 AdEQl B4 DD RER Tk

2 AL gsl= MED-DD-1 &agls
A® s S Bola glort 1-2 dB
e gk Zlew ®welvh b Al Zfe] wkg
= 7IeeR E9 Aol Awskd wd
UehE W DD RE= 24)ek= MED-DD-3 &
1EEE 22 dB7HA MSE 7F =dehs e
e e HERRSITH
B Al 18 9 e o
& SasheA ®o] Slel eHE v dE
o] S3p7] Eel W d=E 9 29 3o
7 2= MED-DD-1¢] tig =2 A%
=5 Holx gk 7 Bt gl 719 MED
daEEe] F9 AP Z Zolrt flol Akt
S dEpisiZlel 2% 2¢li= MED-DD-11
e Ee AddEnke vehisieh 9 29 A%
ol i Al gk 91 B3] SEEA]
Fotar obd iR vERtal 9S4 5 gl

]
2 dgol=EEA] Ht AdEjdlAE MED €

o
oK 2
41 to (r

I
z
=

Quadrature phase
<

In phase

% 2. MED-DD-1 &z 5o| MAE Ms
Fig 2. Constellation performance of MED-DD-1.

U2 29 394 A9k MED-DD-3¥¢ 32+

2 A 92 diStel wigk S5 AEe 1)
3 HES v Aele] MED-DD-3 5317 &
3t A4=s YeRQIT

4 T T T T T T T
1 @ L] ® ®
24 4
ile ®© & @]
o o] |
£
e @€ @ e
8_% 1
J e e e ®
4 T T T T T T T
4 -3 2 -1 0 1 2 3 4

In phase

2 3. MED-DD-3 ¥z 5o| MA: Ms
Fig 3. Constellation performance of MED-DD-3.

19 39] AolA Ha Adel o 914 3

Aol sl FuE 9ee & 5 AUk 53



Decision-Directed 2E2t §22IE 72| AN2|5S AEFt B4R ga0lE S35 9

N

2pol] 71¥ket ITL Al9e] MED €u#lE: the
WS ARESh= DD WS Rz 28ste] 9
A S wolgErhd AEE A dgs wRE
O o) 2= 0o

HI, ITL AlE EeRlE 53 daglse] o)
U=z CME Z ulgoz 3 o 35 Wx 3k
of e} 3 Alele] fFEEE=
Euclidean distance) & #A3}sle= 7] A%
MED ¢S] 2/E9ot CME & 7]30.
sh7] wiEel, 91 dtel e BaAde 53t
of taiAe AER 4 s W e 4

=
obgt Aes dEhiRith o] daelgel 7=
ITL e Ale dedA A 8ld SAe =
e 4 QRS o] =RolME, &Y Ao tE

BE#H2 ko] el & ul decision—directed
(DD) RERZ A" 71EAE Bilshe 7IHE 4
H o274 35 R SR8 7HS Aoist

[1] L. M Garth, "A dynamic convergence
analysis of blind equalization algorithms,”
IEEE Trans. on Comm., vol. 49, pp.
624-634, April. 2001.

[2] F. Mazzenga, "Channel estimation and
equalization for M-QAM transmission
with a hidden pilot sequence,” IEEE
Trans. on Broadcasting, vol. 46, pp.

170-176, June. 2000.

[3] J. R Treichler and B. Agee, "A new
approach to multipath correction of
constant modulus signals,” IEEE Trans.
Acoust.,, Speech, Signal Process, vol
ASSP-31, pp. 349-372, Nov. 1983.

[4] J. C. Princpe, D. Xu and J Fisher,
Information Theoretic Learning in: S.
Haykin, Unsupervised Adaptive Filtering,
Wiley, (New York, USA), pp. 265-319,
2000.

[6] D. Erdogmus, and J.C. Principe, "An
Entropy  Minimization  algorithm  for
Supervised Training of Nonlinear
Systems,” IEEE Trans. Signal Processing,
vol. 50, pp. 17801786, July, 2002.

[6] K H Jeong, J. W. Xu, D. Erdogmus, and
J. C. Principe, "A new classifier based on
information  theoretic  learning ~ with
unlabeled data,” Neural Networks, 18 pp.
719-726, 2005.

[7]1 N. Kim, "A Study on the Weighting Effect
on Information Potentials in  Blind
Equalizers for Multipoint Communication,”
JCN 1, In press, 2010.

[8] N. Kim, "A Study on the Complex-channel
Blind Equalization using ITL Algorithms,”
The Journal of Korean Information and
Communications Society, In press, 2010.

O] S. Abrar and R Axford, "Sliced
Multi-mudulus Blind Equalization
Algorithm,” ETRI Journal, 27, pp. 257-265,
June 2005.

[10] V. Weerackody and S. A. Kassam,
"Dual-Mode Type Algorithms for Blind
Equalization,” IEEE Trans. on Comm., vol.
42, pp. 22-28. Jan. 1994.

[11] J. Song, "The Performance Evaluation of
Stop—and-go Dual-mode Algorithm for
Blind Equalization”, Proc. IEEE ICICS, 1,
pp. 336-339, Sept. 1997.



80 sSIIHHEHRSAIILEE =X H3Y X%

Aot

A & €(Namyong Kim) A3l
- 19861 2¢ © AAoska

AAg st} Sl
1988\ 24 @ dAAMthew
| AAEs MAL

191 8¢ Ak
AzEea Al

1992 89 ~198d 24 : st AAE4]
T} Fulgs

1998\ 3Y~AA: gt FEst Az nE

gd

Ay
<FJEoE> Adaptive equalization, RBFEN
algorithms, Odor sensing systems.



