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Abstract: Direct decision (DD) is the most frequently-used blind equalization algorithm with advantages of fast con-
vergence and small residual errors. Genetic blind equalization is an effective method for blind equalization, which makes
use of a genetic algorithm to solve blind equalization problems and has better global optimization characteristics. By
studying characteristics of the DD algorithm and genetic blind equalization, this paper provides a dual-mode genetic
blind equalization algorithm by using error signals. The proposed method combines advantages of DD and genetic blind
equalization, and significantly improves operation efficiency. It also enhances convergence performance and avoids a
larger operand in the genetic blind equalization algorithm. Effectiveness of the algorithm is verified in computer simu-

lation.
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0 INTRODUCTION

The available bandwidth of an underwater acous-
tic channel'” is severely restricted by transmission loss
(TL), resulting in low transmission rate and poor reli-
ability. A blind adaptive equalization algorithm needs
to transmit a training sequence repeatedly and takes a
large bandwidth, which is much limited. On the other
hand, by using a blind equalization algorithm instead
of the traditional adaptive equalization algorithm,
there is no need to send a training sequence, and
therefore can effectively improve the transmission
rate. Thus, it is necessary to develop a blind equaliza-
tion algorithm for underwater acoustic channel.

Direct decision (DD)[Z] is a common blind
equalization algorithm with advantages of fast con-
vergence and small residual errors. However, when
the rate of wrong judgment is high, the algorithm does
not converge. Genetic blind equalization proposed by
T. Schirtzingerm is a search algorithm with a fast con-
vergence rate but a larger operand. By simulation
comparison of the two algorithms, we combine the
two algorithms using features of error signals to solve
the blind equalization problem effectively, and make it
suitable for underwater sound communications.
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1 DIRECT DECISIONAND GENETIC
BLIND EQUALIZATION

1.1 Signal Processing Model

A typical linear QAM equalizer[4]for signal proc-
essing is shown in Figure 1. The channel input signal
x(k) is an independent and identically distributed ran-
dom signal. The channel transmission function A(k)
has no zeros in the unit circle. It can be considered
that the signal-to-noise ratio (SNR) of the channel
output is high without additional disturbance. At the in
put to the equalizer, a signal y(k) is received from
output of the transmission channel, with added white
noise. A recovery sequence x(k)is obtained at the
output of the equalizer.
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Fig.1 Signal processing model

From the signal processing model we have:

y(k)=h(k)*x(k)+n(k) (1)

(k) =wik)* y(k)=w(k)*h(k)*x(k)+w(k)*n(k) (2)

The purpose of blind equalization is to acquire an
optimal estimation of the channel input so as to com-
plete channel transmission perfectly. Therefore, for the
recovery sequence:

F=x(k—D)e"”, w(k)*h(k)=5(k—D)e" 3)

Taking Fourier transform, we obtain:



386 Vi

E5 VN

2016 4F

W(w).H(W):J‘+ao S(k—D)e?dk =e* > )

Thus, W(w)=-——e""

H ( w)
1.2 Direct Decision Algorithm

The DD algorithm uses a threshold value deci-
sion device to act as memoryless nonlinear function.
When the eye pattern is expanded, ie., the blind
equalization algorithm converges, the step length in
the LMS adaptive algorithm is fixed. In this case, the
equalizer can work in a direct decision mode, and the
minimum mean square error of the filter tapping vec-
tor can be controlled like a common adaptive auto-
matic equalizer.

The threshold value decision device for the
source signal x(k) can judge x(k) to make the result of
judgment equal to the proximal x(k) so that

i(k)=dec (k)] 5)

Here, dec[ | means the judgement. For example,
in a simple case of data sequence with binary uniform
probability, the data and decision value are shown as
follows, respectively:

_[+1, symbol 1
x(k)_{—l, symbol 0 ©)
ded[x(k)]=sgn[x(k)] (7

Here sgn(-) is a sign function.

By comparison between direct decision and the
Bussgang algorithm[s], it is observed that the direct
decision algorithm is indeed a Bussgang algorithm of
a memoryless nonlinear function with g(-)=sgn(") .

1.3 Genetic Blind Equalization Algorithm

Genetic algorithm[é](GA) is an optimal method
whose basic idea is to simulate the natural law, that is,
“selecting the superior and eliminating the inferior,
and letting the fittest survive”. As a general optimiza-
tion method, GA explores an optimal search method in
the parameter space, and acquires optimal and secon-
dary optimal results. Unlike a traditional calculus
method, it does not need many requirements in solv-
ing a problem. It is applicable to various complicated
engineering problems, especially for computer reali-
zation. GA is a global search algorithm using a group
of codes to simulate biological chromosomes, gener-
ate a certain number of biotic communities at random,
simulate the evolutionary process of biology, use the
fitness evaluation function to evaluate every individ-
ual, confirm probability for every individual to save to
the next generation, and conduct selective copy, inter-
section and mutation operation. This way, it makes

every chromosome pattern with the highest fitness to
be saved to the end until a globally optimal solution is
obtained. GACMA™ is used to conduct decoding, se-
lection,
space based on GA and the error functions, i.e., error
signals, to obtain the optimal solution.

intersection, and variation in the solution

In this paper, the proposed parameter is the
number of population 40, and encoding length is 8-bit,
while the critical cost function is selected as follows:

E— [z k7 |- or ] ®)

It is observed that this algorithm basically bor-
rows the error signals in the CMA algorithm.

We use a radial model to obtain the propagation
characteristics of an underwater acoustic channel. The
model is described as follows. A typical shallow water
gradient sound speed profile is selected. The sea depth
is 54.9 m. Sound speed is 1475 m/s on the surface and
1467 m/s at the seabed. The source launches a 15 kHz
signal, propagating over 5 km. In the simulation, the
iterative step is 5><103, the equalizer has the weight
length of 11, and the central tap is initialized. The si-
mulation result is shown in Figures 2 and 3.
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Fig.2 Constellation diagram of GACMA
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Fig.3 Performance of GACMA

It is observed from the constellation diagram and
error curve that GACMA has faster convergence rate
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but greater steady-state errors, and after convergence
it has bad stationarity. This is basically consistent with
the results obtained by Schirtzinger et al.

2 DUAL-MODE GENETIC BLIND
EQUALIZATION ALGORITHM
BASED ON ERROR SIGNALS

2.1 Proposed Algorithm

Whether in DD widely-used for a long time and
genetic blind equalization, disadvantages as men-
tioned in the above are intolerable. The problem can
be solved when the two algorithms are combined with
the characteristics of each being supplemented. Com-
bination of DD and genetic blind equalization, that is,
a dual-mode genetic blind equalization algorithm, can
inherit advantages of both algorithms while overcome
disadvantages, thus providing a perfect solution to the
blind equalization problem.

The dual-mode genetic blind equalization algo-
rithm uses a genetic blind equalization algorithm in
the initial stage, and uses DD after convergence. It
takes full advantage in rapid convergence of GA and
steady characteristics of DD. The key of the proposed
algorithm lies in the right time of algorithm switching.
To this end, the characteristics of error signals are
used.

In reality, there are two factors that affect con-
vergence of the error function in a blind equalization
algorithm'”. The first factor is, d,=|y,[—R frequently
used in a general algorithm. The
d,=|y['—|a, . In fact, it can also optimize conver-
gence of the equalizer. The difference between the two
factors is that aA’k plays a leading role in the initial

other is

stage of convergence, and d, becomes important when
convergence is nearly achieved. It is similar to the role
of changing step length. The algorithm is described as
follows:
W (k+)=W (k)+ e X (k) ©)
Here ek:kl-c;’k +k2-c;’k. In the initial stage of con-
vergence, c?k can ensure preliminary convergence of
the equalizer and make sure that the algorithm can
converge rapidly due to large disturbance between
codes. When the equalizer converges, disturbance
between codes becomes smaller, and therefore it is
difficult to further reduce disturbance between codes
by using d .- However, due to improvement of deci-
sion device’s accuracy, a?k is further used to reduce

disturbance between codes. Therefore, both of them
can be overlapped in calculation. Moreover, the pro-
portion can be adjusted appropriately in line with dis-
turbance between codes in different stages of conver-
gence. Therefore, convergences in different stages can
be used to speed up convergence, and it needs a con-
vergence coefficient to control the coefficients k; and
k,. The convergence coefficient is given by

m,=(i-1)/i-m,_ +1/i-d, (10)
1 mk meax
m,—m_.
k1: m mmin<mk<mmax (11)

k,=b(1-k,) (12)

In these formulas, my;, and mp,, are two thresh-
old constants. When m is between mpyi, and mmax, ki
and k, change with m linearly. The parameter b is an
adjustment factor. By using the characteristics of error
signals, the convergence rate of genetic blind equali-
zation algorithm can be accelerated effectively. When
k=0, and after the continuous step length is greater
than a certain value, judgement can be made from the
eye pattern that is wide open to switch the algorithm
to DD. This way, dual-mode blind equalization is re-
alized.

2.2 Simulation Results and Comparison

In the simulation, parameter values in Section 2.4
are used. Simulation results are given in Figures 4 and
5 to show comparison between convergence perform-
ances of the dual-mode genetic blind equalization al-
gorithm and GACMA.

It is clear that, with the same fast convergence as
GACMA, the dual-mode genetic blind equalization
algorithm has lower steady errors, especially for DD
after convergence. The proposed algorithm is more
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Fig.4 Constellation diagram of DDGACMA
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Fig.5 Performance of DDGACMA and GACMA

stable. The dual-mode genetic blind equalization algo-
rithm based on error signals takes advantages of both
algorithms, i.e., it converges fast, and has lower re-
sidual error and a moderate operand.

3 CONCLUSIONS

This paper introduces the DD algorithm and ge-
netic blind equalization algorithm. After comparing
their advantages and disadvantages by simulation, the
paper proposes a dual-mode genetic blind equalization
algorithm based on error signals. The algorithm has a
fast convergence rate and low residual errors. It is ap-
plicable to practical systems.

‘ ‘

HT %
RIERE,
2. DD Sk RAWSIOH R,

FRERIE RS, IR ZEAS 5 HRr L,

= R ETC IR 511
RO, K

(T2 TP Kb T L TR
e APV NN
BTSSR B SRR 5 B, HAT R e R . AELR
2T B s A H AT A, ﬁxﬁE’J,u &7 DD HyELL st E

Acknowledgment

The work is funded by the Natural Science Basic
Research Plan of Shaanxi Province, China (No.
2013JQ8048).

References

[11 Gutierrez-Estevez M A, Krueger U, Krueger K A, et al. Acoustic
channel model for adaptive down hole communication over deep
drill strings[C]/ICASSP, IEEE International Conference on
Acoustics Vancouver, 2013: 4488-4883.

[2] CHANGY, HU G, YAn L, et al. Mode de-multiplexing based on
multi-modulus blind equalization algorithm[J]. Optics Communi-
cations, 2014, 324(324): 311-317.

[3] Schirtzinger T, LI X, JENKINS W K. Comparison of three algo-
rithms for blind equalization based on the constant modulus error
criterion[C]/ICASSP, IEEE International Conference on Acous-
tics, 1995: 1049-1105.

[4] SUNY, LIANG Z, JIA C. A fast converge momentum dual-mode
modified constant modulus blind equalization algorithm for
high-order gam signals[J]. Wireless Personal Communications,
2015, 83(4): 3045-3305.

[S] Abrar S, Nandi A K. Adaptive solution for blind equalization and
carrier-phase recovery of square-QAM][J]. IEEE Signal Processing
Letters, 2010, 17(9): 791-794.

[6] Jauhar S K, Pant M. Genetic algorithms, a nature-inspired tool:
review of applications in supply Chain management[C]//Advances
in Intelligent Systems and Computing, 2015: 71-86.

[71 FAN L F, HE X W, CHA G M. A mixed blind equalization algo-
rithm[J]. Journal of USET of China,1998(01): 573-578.

BEMR

B, BePEPE L 710021)

*ﬁﬁ%?‘%ﬁﬁﬁ@‘éﬁj@fﬁ% WAL H BT AR
JU T DD Sk fanifl 5 2t

PSR ML, KRR T SANARIS SR, $ETT TURSERE, g T I RIS SRR RS, SRl

THENT EIGAE T iZE B m A 2k

KR HIM, MR, RERGS
FESES: TNI1I XRAPRIRAD: A
DOI %#%3: 10.16300/j.cnki.1000-3630.2016.04.019

XEHRS: 1000-3630(2016)-04-0385-04




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


