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Abstract For the self-adaptive equalization of higher-order QAM systems, this paper proposes a new soft
decision-directed (SDD) algorithm that opens the eye patterns quickly as well as significantly reducing the error level
in the steady-state when it is applied to the initial equalization stage with completely closed eye patterns. The
proposed method for M-QAM application minimized the computational complexity of the existing SDD by the symbol
estimated based on the two symbols closest to the observation, and greatly simplified the soft decision independently
of the QAM order. Furthermore, in the symbol estimating it increased the reliability of the estimates by applying the
superior properties of the sigmoid function and avoiding the erroneous estimation of the threshold function. In
addition, the initialization performance was improved when an error is generated to update the equalizer, weighting
the symbol decision by the threshold function to the error, resulting in an extension of the range of error fluctuations.
As a result, the proposed method improves remarkably the computational complexity and the properties of
initialization and convergence of the traditional SDD. Through simulations for 64-QAM and 256-QAM under
multipath channel conditions with additive noise, the usefulness of the proposed methods was confirmed by comparing
the performance of the proposed 2-SDD and two forms of weighted 2-SDD with CMA.

Keywords : self-adaptive equalization, SDD, threshold decision, sigmoid function, symbol estimate

1, ME shar Adel 9Js A&7+ M4 (intersymbol interference:
ISDS AAB7] el A& 535 AME-gth 48 53
UAE B2 Alzglol A= wxe] Ad EAE A8 = gy 8598 siRF o By 3179 ®| 712X

o] A7 2016W%= FFuhgtal theh Aqru]e] A g ol FHEAYS.
"Corresponding Author: Kil Nam Oh (Gwangju University)

Tel: +82-62-670-2345 email: knoh@gwangju.ac.kr

Received May 31, 2016 Revised July 11, 2016
Accepted August 11, 2016 Published August 31, 2016

17



ojtie]. whA a1

h=}
LN

37} Yenio) w)

S

A

L

<)

275 A

AFe7| &85 =8 A7 A8E, 2016

gl

k]

o

o
wjr
e
A=

X4

3
70

e
i

<

A

2 QAM &-&ellA Al

2718 & AA

[¢]

35

A
!

] ¥l

°©

&

p.

L

L

A 9= 2714 S(self-adaptive) 53+

E|

o
do
Y

ofp

#4217

e

S

s 7]y

ANAe %

t}.

(decision- directed: DD) 5-3b7} @& A&HU1].

s

el

A

Al
fui

q

X
(=]

S (sigmoid

=

stol o3t w4 A

S

Al TR

h

o]

_CH
FATE <1719l o

O]

[¢]

A H Aazo|lE H

= Qe
= "

&7]°A, SDDe| ARt H5-A4 3} 2714

2.

L

L

3}

5

function)
24 s3]

gl

5ol

I
Al

o} 17

]

=
=

=

hy

7}

L

o

=

o
°5
)

shel 4

=3
N

K
¥ MSE(mean square error)

T2

4

ol g3},

6]

=

3}7]

o el 4957} Sud W7 DD F4

L

L

=%
o

3}

=

[e]
A e o]

=

ste A el o9 Aol
)]

o7
(threshold function)
Fol AlF =7t

s

ISI7}

A
=4
o

L

L

DD
o=

S

T

o
4, A5

=

2ndt g e A

i

94

A
g
50
i
il
Hr

3}

=

M

7t

L
L

nlx| o] Ade A

L

SkT:
] E S8 9E A

(}hiskfi—i_nko]tqa s
£ WE]9] Hermitian conjugates LEFATE

*
k

y Wy N—1

ot

[P

W,—pe R

*

[wk.,ov Wi s
&

Wit

W

LMS(least mean square)S AFE3HH = 71

3F Zdo A, A1 AE

oj A},
4714 R,

1

3}

2

i 71,

L

o]

ATH3].

e
b ootk
Al

Alxdol#t, DD

o] v

i=
RUS

L

<)

=2 A ¥
71E 7Y

5}e]
th4]. SDD

=%

oIt} Hel ol P4

o|tt. wekx DD

E

Al
=
1

i

]
o
+ol

T

1

#7497

3}7]
o]

ol $17] =

el F= AFgH L

= I~
= A

=

[¢)

1}

ol AFA ] A(soft decision- directed:
Foll 711 gS 7hs g el Wy e

i

o

2
g waA

Yol oA

A

=
<}

[¢]

il

Dol &

th. o]Zlo] DDl €]
D

oA MSE 22} 4

2 oldR 1A

TH

<]
bR
3

H]

L

L

zpoltt. 92}

]

a

L

L

Aol =, e,

18

] 714 WdE

©

B4l g

A3



AlarelE 23 gA B 7 2AE AR MEE SDD 53] A7 A%

4% 7hA

dle] $41 A% (1,41} ol ol 217
olglsh 2ol tEA WAL @)

g (e)

L

@

=1~
i

AA e (2)0lM BE
Ao FoloA +1 wE —18 F4
dojuit), wi7FA R thA] #ie] 9
oA A Fgo] Heolrt Ay o)<}
Q]VE_/HOE o]g,H J,].zL,]T,__Lj_ )
o] M=} Asthrt A B A= (DR
u, o]zlo] ¥ 7} Al (1)oll AH-ETh

€L =Yr— gs(yk)

19

oo
lo,

= Folrlti6]. e M-QAM &
b H]_g]_ 7Lo] i 1terat10n°ﬂ/\1 Oﬂ

SDDO] At B33 %2713} 45 73] S8l
F AES 7wto s d= 2-SDDE Aoketh F
SDD7} M-QAMell tj3l] = o] B& AE&
o e gt A2 A3 *éOl RS Wk olgl,
ER9S S7HAIA vldgA o). ol i
A= @Al Tl H dfz

o]—.Tf_ /\]:LU o=

£l

)
2

E)

o

-0,

o

ol R

=
-

(L o
o2

e

1o e wx B>

o.?i o>

Fel o

ol
-

[0 o B

u

6221».1?/(7;7 1

= b 2
2l 7y q

rlo
0
o

(ykﬁb” y/u)



FFAE &= B AT A8T, 2016

(Zjmr 20g) &2 BFARATE o,

pel Ao WHE 2AstE

ry
i
o,
u
N
=2
=
&,
ol
ol
rir

__arg min

gT(ykJ) |yk‘1_ S5,

Sir
10yl A 7Fal & el o3l eake] W7t &
w5 7] ABAlo] o] Fo A1, 1o whet
dso] Y T3] 27137t 7hsaixinh

& 19 2-SDD 2.2+¢} 7}54 2-SDD A& UE}
Wik old 72 ddigk ® Alwe 7 7 FHE
QA= WE WL AE B4 2

Al o] 7kl

20

50

T
2-SDD

| |
2-SDD: absolute |
® i J‘ 2-SDD: square

T
|
40— ——1——— el i == ==-1H
|
L
|
|

Error

Comparison of 2-SDD error and two type
weighted 2-SDD errors.

(12)

5
To
BN
i
tjo
|
j
_O|L
=)
N
ofy
n
N

AE g €]
3 HE Q-&(BER)¥ ISI AA 4%5S

AL Fb FAgol EAsE dEAdRE Ad
64/256-QAMe] tjs) AA|5I%T) A
242 1% A A g5s 7

A £ (914 QST F7b 13

H
E|
[e]



ATEOE F3 GA WY 71E 9AE ALY =S SDD F3H] A7 A

4% 7hA

3]'/\1\
A HuE s CMASH Aokst 2-SDD ¥ 715¥
2-SDDY] 7 74 HHl, F A HAA T FAE

X 8544] 92 2-SDD-13} 715 A& 483t 2-SDD-2

£ vusiglh olw 7EE 2-SDDOA = Huigk 7ke
< Agath A v 23E 17 2~50] BYlon,
gee] SDD[S, 6] A4 BRI A8 B4 R
3te] T371E Ad 27|getA] Retel et 1dele
FakalA] ket

WA, 77 Fe 3o teAdE Alde dis] SNR
10 ~35dB #1914 BER 45& B7latoich 1 2
o} 390 22} 64-QAMT} 256-QAMOY| th3 BER A5

64-QAM

T

--6-- CMA
2-SDD-1

=--EF- 2-SDD-2

30 35
Eb/No (dB)

Fig. 2. Comparison of bit error rate performance:
64-QAM.
. 256-QAM
10 T T T T
é_ | | | --6-- CMA
e B | | 230D
RS | | Bl = 5.8PD-
o R - ! EF- 2-SDD-2
****** [ - e =ty it B
| R\\ e |
| [ I s BN
| | \\\ | | 0
" | | N | |
0 F------ | [ N T T T T
i | | N |
o I I AN I
| | )} |
" | | I\ |
10 ---=--- T T |- - TN T T T T T T
| | [ |
| | | \‘ |
| | | |
| | | ﬂ‘ |
0 F----- [ (i Ty T
| | | \ |
I I I uil I
10 15 20 25 30 35
Eb/No (dB)
Fig. 3. Comparison of bit error rate performance:

256-QAM.

Btk T 4g Ae]A CMAE SNRel| w2} BERS
ghatatA ZAdatgl o, SNRe] S7Fste] = BER©] T
ol MAEA = e BT 7E 2-SDDE ¢
e, Z 2-SDD-13} 2-SDD-2 %% SNRe]l w2} BERS
w27 dakglen, = = 719 FU% BER 4T
s UrEhHSiiE}.

, ISI %58 oF 107" 4%9] BER| =&dl=
a9 SNRoﬂ teiA ddE daks AAsth 19 4
g} 59 217} 64-QAM T} 256-QAMel thE ISI A5S

Yelideh 7 2Ee 64-QAMOlA 18dB,
256-QAMC A 23dB 2 3o, Ao A} " RE

ShelZe] AT CMASH AR HHEEISA
el mEshg 44e

el AES 1003

False] ol AnE Birste] e,

64-QAM
04| zsee g

S It ety Rl i OMA |,
- N 2-SDD-1

777777 e 2-5DD-2 [1

| | | | T T |

0 _d__1__1__iL__

| | | | | | |

| | | | | | |

o - - - A" - T - T- -t - - - |
A | | | | | | |
5 . [ sttt RO nlut Rl i Rt i
| | | | | | |

| | | | | | |

[ e e i R R I

| | | | | | |

| 7\ \77\77\ \77\

| | | | | | |

B il Sodafie Sasoss Sttt sivibtl ol

| | | | | | |

L L L L | L |

4 5 6 7 8 9 10

Number of Iterations x 10

Fig. 4. Comparison of intersymbol interference

performance: 64-QAM, 18dB.

256-QAM

1SI (dB)

Number of lterations

Fig. 5. Comparison of intersymbol interference

performance: 256-QAM, 23dB.



A Eersl=EA) ATd AsE, 2016

A s

T3 GG oy 27glelE AuEditt. CMAE
z7158 @A A g 18I A ThEagA] &
1

el

atth. 7kl 2-SDD-1- 2718} @3k Sl A%

g Ass AMEH, cMAol  HlE  64-QAMI}
256-QAMOIA B 11dB A% 7+ ISIS 71418k

31, 715 2-SDD-2+ 2-SDD-13}F 722 w2 8<%
L5 FAsHAA A ISIE HS JiAdEksd

ool AF AFEITE AF A %741”05—;

O_L:

T
?_]ETMM ™=
o

=

=

o

12k QAMel| tgh Sl A, #ES EME FH

A 5 AZu ngsozy A B e

714$- SDD 53815 Faatgith EE w] )

HAE ot 7= A Re 0 WAl |l g}

Ao ALslo] 271371 75l E A et
A} Aer whHe ¢ o] SpDoM= g 27|

3t A B &b gl s s

I

e

32 oAl x>
v} 031 o

References

[1] O. Macchi, E. Eweda, “Convergence analysis of
self-adaptive equalizers,” IEEE Trans. Information
Theory, vol. 30, no. 2, pp. 161 - 176, Mar. 1984.
DOI: http://dx.doi.org/10.1109/TIT.1984.1056896

[2] S. Abrar, A. Zerguine and A.K. Nandi, “Adaptive blind
channel equalization,” in Digital communication, C.
Palanisamy, ed., InTech, 2012.

[3] M. Pinchas, The whole story behind blind adaptive
equalizers/blind  deconvolution, Bentham  Science
Publishers, 2012.

DOI: http://dx.doi.org/10.2174/97816080535201120101

[4] W. Rao, “New concurrent modulus algorithm and soft
decision directed scheme for blind equalization,”
Procedia Environmental Sciences, vol. 10, pp. 1264 -
1269, 2011.

DOI: http://dx.doi.org/10.1016/j.proenv.2011.09.202

[5] S. Chen and E.S. Chng, “Concurrent constant modulus

algorithm and soft decision directed scheme for
fractionally-spaced blind equalization,” Proc. IEEE ICC,
vol. 4, pp. 2342 - 2346, Jun. 2004.

DOI: http://dx.doi.org/10.1109/icc.2004.1312937

S. Chen, T.B. Cook, and L.C. Anderson, “A comparative
study of two blind FIR equalizers,” Digital Signal
Processing, vol. 14, no. 1, pp. 18 -36, Jan. 2004.
DOL: http://dx.doi.org/10.1016/].dsp.2003.04.001

S. Haykin, Adaptive filter theory Sth Ed., Prentice Hall,
New Jersey, 2013.

J. Karaoguz and S. H. Ardalan, “A soft decision-directed
blind equalization algorithm applied to equalization of
mobile communication channels,” Proc. IEEE ICC, vol.
3, pp. 1272 -1276 , Jun. 1992.

DOLI: http://dx.doi.org/10.1109/icc.1992.268036

E. Biglieri, J. Proakis, and S. Shamai, “Fading channels:
information-theoretic and communications aspects,”
IEEE Trans. Inform. Theory, vol. 44, no. 6, pp. 2619 -
2692, Oct. 1998.

DOI: http://dx.doi.org/10.1109/18.720551

Zl L
=

{(Kil Nam Oh) ek

0
Y

01984 39Y ~ 20004 29¥ : %

AAEAATY AT, a4
02000 39 ~ @A : B0
BAEFY W

=
Hl

J?L’o
El




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


