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Performance Evaluation of a Dual-Mode Blind Equalization
Algorithm Using the Size of Decision-Directed Error Signal for
High-Order QAM Signals
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Abstract In this paper, we propose a dual-mode blind equalization algorithm that two of the blind equalization
algorithm using the size of the decision-directed error signal is automatically switched. The proposed algorithm has
a faster convergence speed due to operation of the MSAGF-SMMA with large fixed step-size mainly in the initial
equalization. After the equalization has been made to some extent, the proposed algorithm has a smaller residual
error in the steady- state by operation of the MSAGF-SMMA with a variable step-size mainly. The variable
step-size is determined by multiplying the size of the decision-directed error signal of a fixed step-size. In this
paper, we analyze the performance of the proposed algorithm. The computer simulation results demonstrate that the
proposed algorithm has a significantly improved performance in terms of a residual inter-symbol interference and
residual error in the steady-state compared with the MMA, SMMA, and MSAGF-SMMA.

Key Words : MMA, MMA, SMMA, MSAGF-SMMA, dual-mode blind equalization, variable step-size

[N —— & doly Fals FEsk] AdAME e AR Al
01]*194 ISI(inter-symbol interference)® FE o}7]¥&=
o] A AlelE B FAT FFA Al2=7le) A A 259 9du Ar)e] viek o FAS 26
A3, GALHstn JrEAT ST} Received: 3 May, 2016 / Revised: 3 May, 2016 /
H4dz) 20164 59 3, £ALE 20161 6Y 3 Accepted: 10 June, 2016
A L2 - 20161 6 104 "Corresponding Author: yhjeong@nsu.ac.kr

Dept. of Information & Communication, Namseoul University,
Korea

-89 -



Performance Evaluation of a Dual-Mode Blind Equalization Algorithm Using the Size of Decision—Directed Error Signal
for High—Order QAM Signals

of gt} BellE S oleld ISIe] e AASh:
ol glolA v FE e A polet @ 4 ek o)
e vole-olE Sa skt 9 £9 4 dlojes
37k B7hsH) eoki frke AlA 2 Aage 7
A dE ged BeRlE 58 dudFom:

CMA", MMA (multi-modulus algorithm)”, MCMA" %

o] 9lty. CMAL: 27] 53} A e & dde FAhL 7}
Ay 531 5 94 349 A5 AL wAs] 98 37t
Al 914 Bd HAY)E Fe ' dvhs 9dS 7R

ot} o] % Alekd MMAY MCMAE CMA €18&S
A QG &5 dHo = o] A8 oRA sy
o] 9 - EAE WA 18y o] S EE
2 25 Y A5 Az EYXZ 13 misadjustment -
AE 7FA 2 itk o] 3 misadjustment ¥ 53 &
BN 2 7 2AHE 7HAE dRlo] Htt S

Abar®} RA. Axforde= ©]#]3F EA4|2 s§43st7] 93k 1
w0 2 SMMA(sliced multi-modulus algorithm)' "= #]

orakgitt. o] dae]E-S MMACIA AM&-E= dispersion
Aol TV AE Fhe W o g A AE e BUX
TAE 433 ARAAT ey o] W A T8t
e FF ealE A FelAE ksksith

B =R e SMMA 2ugZe 53 3 £52
B4 7281 5 9l MSAG-SMMA®'gh 48]z w9l o]
38 9G9o] 53 ME7t 5ol & w B 2 AF
o =

A5 M F UEE VM 2" ArE 7HA
MSAG-SMMA7} 54938] szl 2474 AF 24}
(decision-directed error signal)® =7] zte] sl
AEO 2 B o]F T Balolt =3} oby

Ao}, B Bussgang Alge] E80lE 53 &g
Fle 58 £x2 was o) a8 14 2 27
£ A sk Aol A 1HR @7t AA HA 8
Al B a1, ZHA] B A el A R 2akE A

A 53 S =g El dl, XﬂJ?_ dare] ol

<

N 2o
o

3]
Aol we 9 Lot A
2 B 7S e A RS itk
TollAE HHFE 2 S
A AlQrE o
MSAGF-SMMA3} H]aste] §-4:38 548 7S 1
Qleh

fd
Ach
ﬂlN

(o3

Ho=EE g o] PAFY Qlth IEeA
MSAGF-SMMAE 27083, TIgel A #|ot
F oA} Aol A7) ghg o] &3 o7 &
= %_1‘5_7. _Z__% }\—hﬂﬁ]_];]_ WZ]'OH/H'E‘
noAdy A¥E Fsle] Aok daE|EI MMA,
SMMA, 2832 MSAGF-SMMA$}e] A%5S vlu, 4
dok v ko R Vel ARg Wit

I, SMMA2} MSAGF—SMMA

1. SMMA

SMMA(sliced multi-modulus algorithm)= constant
modulus €& FFe ‘jﬁ‘ro]‘: 3 daelEEe]
SEA o 7 7HA] = YA Z A 2] misadjustment FA1E
#2317 glste] Aleky we AFE Fo) shton

SMMA®9] H]-&3F4= MMAS  dispersion A<

RSMHM,]Z j’]’ R&}[‘MJ Oﬂ 7}'%72]% 1?‘7]'@'9—EM1 ?'%a]" ‘/l:

fou, the 4 ()3 o Holgr)
J= E[(?ﬁ;(n) - ’a;(n)‘cRSAmm‘,R])Q + (N

El(y3(n) - “;1(”) ‘CRSMAM,I])Z]

SMMAE 53 2% y(n)ol tisiA 71 77k 4l
37 AlE(constellation symbol) 2 A& 24 A
=] ddigt |a'H - 3 ‘a,(n |
T Ranur™ Rapu ol W 7HEA2 ARESEAT

A7IM ez e < 171 &9 ol

£ dispersion %

dispersion &= Ronmr o} R = A Q= 7
b gl
Ropur= M
) 8 E“aR(n)|Z+c]
R = M 2
, E[ |a1(n)|2+c]

2 (2ellA c=0 duf SMMAS] dispersion 45
MMAZ2] dispersion 5=} 24 ®c}. 5 o]u] SMMAZ}
MMAS®} SYatA SxatA "rke onfo|tt

SMMAS] 5 782 dag]Ee 2 (37 o] & &= AUtk

- 90 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 16, No. 3, pp.89-95, Jun. 30, 2016. pISSN 2289-0238, elSSN 2289—-0246

W(n+1) :W(n)—ueamm(n) x*(n) 3)

fE

2~
T

1714 SMMA @A} A% 65111111(4(”)9’] A9k
2 4 @R PR

)

3

eS\H{A,R(n) = (4 (n) — |a:2(”)‘rRsmm,H)yﬁ(”) “
Csmma, 1 (n) = (y7 (n)— ‘CZI (")|CRSJ|L11A,1) yr(n)

2. MSAGF-SMMA

MSAGF-SMMA(modified ~stop-and-go flagged-
SMMA)E  SMMA® 93 Az AAX
(decision—directed) ¥ie]5e] A} 25940 Y-S
of gk Hlaz FH doAE o flag fimer o
Famsacr 5 SMMA 5] 7841 2ol 4831 Fm o,
o] OLﬁa =0 UHO uu]-é XJAMH;H ,]
=y

A flag, fasaar 2 17 flag, fasuer = A7
2 (5= Aelerh

o

£E5 7}

y

f _ {1 if 597’/(@5‘1”144,}3(”)) :sgn(eDDﬂR(n))
MSAGE 10 if sgnlegprar(n)) # sgnlepp p(n))

_ {1 if Sgn(esmlm,l(n)) :59”(€DD,1("))
Fusacir = 0 if sgnlegq (n)) = sgnleyp (n))

A7NA eppp(n) ot epp (n)= AEAF duelFol
22 595 Yepim, sgn(+)e
ERdih

MSAGF-SMMA®] 5] 78241 212 4] (6) & Hejgrt

signum $H5

Wn+1) =W(n) — z'(n) (6)

K€ ppsaGr— spnia (n)

o]7]4 MSAGF-SMMA 23 A3 e,01 i sapapa (1))

A} S5ARe A (Mo} 2k
SSMMA.R(n) Tusac.r 1/3? _|an(”)‘ RSMAM.R)yR(n)

| Rsnum,[) ?/1(”)
@)

€snnia, 1 (n) = f1fS4C1( y1 |“1

. m™etet ZEX|E X Ms9|

Aek ARG oA Al5e] A7) ghs o] & o]F
A 25 2718 7
opym 7hi
&_Eﬂ; 715 73 MSAGF*SMMAQ A 3}
g S Beke] FEog A A o3 Az A7)
e ol &gtk 1 A7) Fol 0<A<12E A=
PAF AET ZW 1F 2§ AE e
MSAGF-SMMAE F=alata, JAIRE ARt A 2
oy 71 2~ 37]2 711 MSAGF-SMMAE -3
SEE etsldtt 53F 7)o e 24 X8k 2
2} Al A7)17F AR A7) wlFel] 14 2] A
718 7}A&= MSAGF-SMMA7} 52 &2}/ ¥ &),
ol wig- w2 AR FHEEEE 7FXA Hrk
o= A® L o] Fol M, = HE RFoE HokS

o

Wl ol Rl AFREE PPl B e
Zol glstel AHg® M 29 g e

MSAGF-SMMA7} 52 &2487] #t.
SRS W 7 28 A7 g0 7t
AR A 02} 28] A7) |epp(n)| wholl we} Wale
= 8k upp(’r‘eDD ”)‘ = Houpper
HU} 22 3hs 7, T3 F AlsAe] o As e
IWheds 2 A7) v A gl w3 8A g
Al ZA W7t gl Hof AR A EE A
A Ak mEbA w2 RSz} tio] At
Ao wjg- 2he A5 oAE FAlY JRE BERIE T
s dauEss 7E T 4 Uk

leppm)Ely(n) —gn)l 2 Jed 5 glow,

olu} 3174 ¥y

=
iﬂ = /Luppcr

o] 7h¥l 28} 27]

y(n) e 53t 27 A3o)i y(n) S 49 A2 235
gholtt.

Al el 5o 23 A2 e ausersinm ()
o] A%sh B4 RS MSAGE-SMMAS 93 415
eamsacr—sin (n) & A5k 8583} Zov, ey
AQke daa]Fe] i A AE A (8)3} o] ek
- 3k

9] -



Performance Evaluation of a Dual-Mode Blind Equalization Algorithm Using the Size of Decision—Directed Error Signal
for High—Order QAM Signals

W(n+1)=Wn)  Fupper € DA~ MSA GF— SMMA (n)z"(n)
, for \CDD(W,)‘Z A
Wn+1)= W(”)fﬂumu ,-‘“Dp(”)km/ MSAGF— SMMA (n)z*(n)
, for ‘(BDD(W,>‘<)\

®)

A7 0<A<1 ot

I
o
=2,
o
2
o
oy
)
>
il
i)
o,
=
£
S =
s
lo
o

fol
)
2}
5
S
2
Il
[
3
5
}%
B
2
=+
S
g}
=
S
N
=
S8
i
d
d

o 1

L]
Susio 2 ()
Sissio.s(m)

s (1)

I3 1, mMotst gna|Ee| =
Fig. 1. Structure of the proposed algorithm

3T
=
2ONPE ARt P WA APAL HeS
= Al O

e 2o gl giaja 256-QAM AEE it
2 o]FoAt) 15319 E4 FIR A$ JEE Sz
A om, BE §8719 4 9 1450,

A MBS 040082 %
noise ratio)< 40dBZ 3}ith
g SRl 53t AeS dolry] S Ht A

424 ISI(nter-Symbol Interference)® ¥} estimated

713}ek vk SNR(signal to

MSE(Minimum Square Error)= 214351910}, IS
o 24 (99} o] AeojErh

Ylsm)P =ls(n)l3,,.

n
‘8 (n)|12nax

151= ®

714 s(n)E AL 53 dejele] ZEFHAS Yet
Rui=
estimated MSEE th& 2 (10)3} 7o) Aojacf,

M
estimated MSE(n) = L EHy(n) — &(n)‘ 2] (10)

M=

H =Ro|x M=1002% 39t}

& -
k=2
o -

=351 MSAGF-SMMA

¥

40+

451 Proposed Algorithm

B0+

%% 05 1 15 2 25 3

Numbers of Iteration x10"

a3 2. 256-QAM Als0f| st ensemble 1SI12] H|w
Fig. 2. A comparison of an ensemble ISI for
256—QAM signals

13 20014 256-QAM Alsof thal 1003] 9] SHA<Q
Monte Carlo 238 A5 et s Hit s 58
AL AEZF S dBE YERSITE £ =FolA] 4F
S E3le] A=03502 AUtk I MMACIA
p=80x10"° SMMA®IA pu=3.5x10"% MSAGF-
SMMAOIA p=4.1x10"% 28] A3 Larg]Eol
A fgper =5x 1072 242} A3tk ol Ztzpe] 2~
g A7) pgka Aokst darglFol Al ARSEE o

R LS EE LD ERE R

. . . 9 )
Steltt. dispersion ¥ & Ranur s Ranwms 92 7

Z+ A (e wet 15222 dgoen, =19 w9

-9 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 16, No. 3, pp.89-95, Jun. 30, 2016. pISSN 2289-0238, elSSN 2289—-0246

Sl\/ﬂ\/[AC’ﬂ}\i R;klkM,H’Rg'AJAM,J %)\‘8 ]—7"11- 4 (5)01] TL}-ﬂ-
1273302 &3t}

17 2014 MMAE 256-QAM 2155 5 3kA17] &
150008 A&=e] g S1=ollA] el Eol7bn, 3
FH o7 -2663dB 4w ISI #< 7Hth SMMA:
130008 A Eo] ¥hE-315=0)| 4] -32.27dB A =9 ISI 3+
T RS §A4ES Btk MSAGF-SMMA
= 73008 o] w3l A -3845dB =9 ISI 7k
S 7 BGER Eoihs Helth o]¢h waalA
Aok &g ES MSAGF-SMMAS} 7+ -38 45dBel]
Tgdh=d 66600 Ao w8157t Aok, 7600
o] W 3lol A -50dBE dolAdth 79908 A Ee]
T3] 520 A] 506qu ISI 368 7M1 9 A e s &

19

23t} H A9l [SIghe -50.66dBE ol 18 22
Sato] Aeker darglFe A dEHlA MMA &g
= Bl 2403dB A%, SMMA ¥l 1839dB ¢ =
IS #& 7}%‘% & 4= 9l o, MSAGF-SMMAS} 1)
ek 1221dB7 %= o 22 18I gh& 7RI 3 S
wollA AdrEd MMARTH 7010 WE34 An

SMMAKT= 5010 ¥HE314 A% 723 MSAGE-
SMMAS®} ¥ 13}93 S o] U3 IST 7HA &= Aokt &

EZ0] 690 WL AT o wlay | A &
oJAE AlF o g nlas] Zohd Aeket darg]Fol 640
3G A% =gk

a9 3-(@9 I8 3-(he A=0.352 HES u 1t
B g5 w2 A A 03 A7) lepp(n)| o e
w3lel 17 3-(a) S W 3147 4000141 8000 Abe] = &
st 2 lepp(n)] o kel HskE depdch 1@
3-@9}F (h)E Fstol a7k Al H = sido] ¢k
8l de]7] A7 lepp(n)| © F2 180 2 g-& 7HA
o7t = sEe] $hds] 49 eI AT B 031
oAb gk WelA Wstshes AS & 5 vk mEkA F
stxrlole 2 34 29 270 u,,,.,. 7t S8 A
A= AMEE o] W2 £ S E VX EY
Helo] 93] A Fo Qe

&
1

ol
o rr mo

LR )

At =
Lumperle pp()] O] B3 AFE A= AHEE O
2H 53} 75 Al Fo] Ax ke 2, o]
& QpEelAe] AR AT ANA FEF e o
* Huk

N - N
s @ S

o

size of decision-directed error signal
size of decision-directed error signal

o
o

1 2 3 5000 6000 7000
numbers of iteration x10° numbers of iteration

(a) (b)

B2 2o ME FAY X Rf S 37

lepp(n)] o Ztel B3 A=0.35 Umf)

(@ A=0.352 39S of Wi 3ol mpe A4 A

S NE A7) |epp(n)| o kel wst

b)) @F st & 24 AF oA 2z 27

lepp ()] 2ol W3}

Fig. 3. Change in the size of the decision—
directed error signal |e,,,(n)| corresponding
to numbers of iteration A=0.35)

(a) Change in the size of the decision—directed error signal
lepp(n)|  corresponding to numbers of iteration
when A =0.35.

(b) Change in the size of the error decision—directed error
signal |epp(n)| by expanding (a)

a3 3.

5
o
.
o
7]
=
T
o
=}
o
o
& MSAGF-SMMA
-15
Proposed Algorithm
-20 " ]
0 0‘5 “1 1?5 é 2‘5 3
numbers of iteration x10*
J2 4. 256-QAM AlS0]| tHet estimated estimated
MSEZ| H|m

Fig. 4. A comparison of an estimated ensemble
MSE for 256—-QAM signal

a9 4oME A7te] gaElEed gt estimated
ensemble MSE#FE9] H]aLE Btk MMA+ w3 o
=2 -480dB, SMMA+ -831dB, MSAGF-SMMA<+
-1490dB, 1E]a AIQMEE dargEFS A oA
-2087dB9] MSE #< 7H< =l

7 4ol A AlQEE &aelES MMAKET 16.06dB7
T SMMA HUE 1256dBAE, 28] MSAGE-

- 93 -



Performance Evaluation of a Dual-Mode Blind Equalization Algorithm Using the Size of Decision—Directed Error Signal
for High—Order QAM Signals

SMMA Ht}= 597dBRE o 2 MSE &% 7HS
HA),

O" 5ol A EERIE 538 dugFE uigt 538 4
F AFTHEE Bty a9 5-(a)ollH 538 A AZHE
£ 1o]il, 5-(b)ellA MMA, 5-(c)ellA SMMA, 5-(d)ell
Al MSAGF-SMMA, 5-(e)ell ] Akt etarz]Foll oist
53 A3 A5 HEE 74z Belr)

Quadrature
=)

In-Phase

@

5 Pad

Quadrature
o
Quadrature
o

yissvretorcecnae
FsrraNsivesntre
Syvpessvemaracre
MebeiterntaNIeay
srecprspaint by
tresstmavasnbrae

cadesteyas
Sawnscrons

=
S
=
=)
n
S

In-Phase

©

Quadrature
o
Quadrature
&b o o

2o -10 0 10 20 “20 -10 0 10 20
In-Phase In-Phase
@ ©

8 5. 256—-QAM AMS0f st MSHET
(a) 53+ A (b) MMA (c) SMMA (d) MSAGF-SMMA
(e) proposed algorithm
Fig. 5. A constellation for 256—QAM signal
(a) Before an equalization (b) MMA (c) SMMA
(d) MSAGF-SMMA (e) proposed algorithm

V. &8
B =R A= MSAGF-MMA®] ZAA3 ¢ 1o =
7)ol wheh oJ ANe] F7he At Zhzhe] kel A
A A} A7 ol $h& W T AEwe &
g 2718 93 v 28 2718 7 E LMS ¢
5 9 B Aol Aego2A s A M A
S EERlE 53 duEES At Akt gz

=S MMAY MSAGF-MMAETH 82 e sy
£ 7}, MMAY MSAGF-MMAXR T} A2 o &
Fefol Ao FF ex BEAS A Y ATEE

ol M1

R

S 535t 256-QAM Alz=Eol A A

S5 oA Aoket daE]E 12} Bl
& u) MMAXCH 2338 f wskow MSAGF-MMA
oh= 1.388) 1 gk MSAGF-MMAS$} 593 -37dB
o] ISIol| Z=al=d] gloAl= 2300 WHE 14 & wi
S H]lth ¢ Aol A ISI 32 A|Qket oo
% 1o] MMA¥ MSAGF-MMAS} Huate] 7t
16.7dB9} 6.6dB A% Tl Aok} Y35 3t MSE #

o 438l 10] MMAZ MSAGF-MMAS$} H] i

o] Z}7} 93dB9} 1.6dB A% © #opth. o] da) o] 4
HAT

sk 4H AHRZE Y el Bit MSE e

fo v 0 o

[¢)

2L

]o

-

T3t & o Aleket dagso] MMAY MSAG-
MMAGS] A8 EeRle 53 dugse] 45s 2
NS AT F AeH, 53] 73 &k ¥
Ay 7 B8 gl Ay o ol x93 ¢l
o] Hol Ao 7S ]lstairt

References

[1] DN. Golard, "Self-Recovering Equalization and
Carrier in Two-Dimensional Data
Communication Systems,” IEEE Trans, Commun.,
vol. COM-28, no. 11, pp. 1867-1875, Nov. 1980.

[2] J. Yang, J.-J. Werner and G. A. Dumont, "The
Multimodulus Blind Equalization algorithm,” in
Proc. 13th Int. Conf Digital Signal Processing, vol.
1, pp. 127-130, July 1997.

[3] KN. Oh and Y.O. Chin, "Modified Constant
Modulus Algorithm: Blind Equalization and
Carrier Phase Recovery Algorithm,” Proc. 199
IEEE Int. Conf. Comm., vol. 1, Seattle, WA, pp.
498-502, June 199%.

[4] S. Abrar, RA. Axford, "Sliced Multi-modulus
Blind Equalization Algorithm,” ETRI Journal,
Vol.27, No.3, pp.257-266, June 2005.

[6] YH Jeong, "Performance Analysis of SMMA

Tracking

1

Ne)

X
1



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 16, No. 3, pp.89-95, Jun. 30, 2016. pISSN 2289-0238, elSSN 2289—-0246

Adaptive Blind Equalization Algorithm with A
Flag,” JIIBC, Vol.14, No.4, pp.71-76, Aug. 2014.

[6] G. Picchi and G. Prati, "Blind Equalization and
Carrier Recovery Using a "Stop—and-Go” Decision—
Directed Algorithm,” IEEE Trans. Commun., vol.
COM-35, no.9, pp. 877-887, Sep. 1987.

[71 F. Hermann and A. K. N, "Blinde qualization-
combinations of Bussgang and higher-order—
statistics-based methods”, Proc. IEE Colloq.
Adaptive Signal Process. Mobile Commun. Syst.,
pp. Y, p. 12/1-6, 1997

[8] O. Shalvi and E. Weinstein, "New Criteria for
Blind Deconvolution of Nonminimum Phase
Systems(Channels),” IEEE  Trans, Inform
Theory, vol. 1T-36, pp. 312-321, Mar. 1990.

[9] S. Chen, TB. Cook, and LC. Anderso FIR
equalizers,” Digital Signal Processing, vol. 14, pp.
18-36, Jan. 2004

[10] S. G. Lim, "The Comparison of the Adaptive
Equalization Performance in MCMA Algorithm by
theWeighting Factor,” The Journal of The
Institute  of Internet, Broadcasting and
Communication(JIIBC), VOL. 10 No. 4, pp.137-143,
Aug. 2010.

HXE AT

S 1984 © gt A3 o)
- 19864 © Zgoetm A3t} A

+ 1908 © Zglujsta A3} o

:
i
©
e
l
ol
2
g
>
o
=2
%
=
ol

% B O 20158HHE YAISONSIE S8 ATXIYHI0) oI5t0] HTEAS.

- 95 -



