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Abstract

A new form of the nonlinearity implemented in the ICA approach is
presented in the paper. The proposed independent component analysis
based on differential entropy can be used for elimination of physiological
artifacts from electroencephalographic signals. For verification of the
quality of separation of the EEG data, the PI index is proposed. The
second measure of accuracy is the normalized kurtosis which can be used
in analysis of the simulated EEG data. As it has been proved, the new
sigmoid function used in the ICA approach can effectively separate the
EEG data.

Keywords: differential entropy, independent component analysis, EEG
data.

Eliminacja artefaktéw fizjologicznych
z zapisu EEG przez algorytmy stosujace
entropie rézniczkowa

Streszczenie

W artykule przedstawiono nowa propozycje nieliniowosci - sigmoidalna
funkcje algebraiczng, ktoéra zostala zaimplementowana w algorytmie
stosujagcym metod¢ analizy sktadowych niezaleznych (ang. Independent
Component  Analysis). Proponowana nowa posta¢ algorytmu
wykorzystujaca wiasciwosci entropii rézniczkowej, moze zosta¢ uzyta
takze do separacji a nastgpnie eliminacji wybranych artefaktow
fizjologicznych pochodzenia ocznego i mig$niowego zarejestrowanych
w zapisach EEG. W celu weryfikacji doktadnosci separacji sygnatow EEG
zaproponowano wspotczynnik jakosci separacji PI (ang. Performance
Index). Jako druga miar¢ doktadno$ci procesu separacji wybrano warto§é
znormalizowanej kurtozy, ktora moze by¢ stosowana jedynie w przypadku
separacji elektroencefalogramow zarejestrowanych z symulatora EEG.
W artykule udowodniono, ze uzycie nowej funkcji sigmoidalnej
w rozszerzonej postaci algorytmu infomax prowadzi do efektywnej
separacji sygnatow EEG umozliwiajac eliminacj¢ wybranych sktadowych
niepozadanych.

Stowa kluczowe: entropia rozniczkowa, analiza sktadowych niezaleznych,
zapis EEG.

1. Introduction

Contamination of electroencephalographic data with different
kinds of undesired components known as artifacts is the main
problem of the analysis of EEG signals. Generally, the EEG
artifacts may be divided into two groups: physiological artifacts
(e.g., eye movements, ECG, EMG, patient’s body movements)
and technical artifacts (e.g., 50 Hz line noise, static electricity
discharges, movements of contact electrode) [1]. Technical
artifacts are removed with lowpass filters or a notch filter [2] .

In the medical practice, the mathematical methods based on
regression are most widely used for detection of physiological
artifacts from EEG data [2, 3]. The approach based on regression

estimates the influence of EOG or EMG on electro-
encephalograms recorded by scalp electrodes and removes it from
the EEG data. Unfortunately, regression techniques require an
additional regression channel (e.g., EOG, EMG or ECQG). Other
popular methods of the EEG data analysis are the Fourier
transform, spectral coherence and the wavelet transform [4, 5].
However, the traditional methods of the physiological artifacts
elimination consist in removal of the segment of EEG recordings
in which these artifacts occur [1]. The presented methods lead to
considerable loss in collected information. For that reason the ICA
technique is proposed.

The choice of ICA algorithm depends on statistical properties of
the source signals [6]. An EEG recording from a single scalp
electrode can be considered as a mixture of signals from different
brain regions and artifacts. The assumption of independence and
nongaussianity of the EEG recordings was justified through the
successful application of the ICA technique to the extraction of
physiological artifacts in electroencephalograms [7]. The ICA
algorithms usually are based on stochastic gradient methods [8]. In
the case, where all the independent components are estimated at
the same time, an extended infomax algorithm is used to
maximize the differential entropy [9].

2. Methods

The goal of the ICA approach is to find a linear transformation
W of the dependent mixed signals x(t) = As(t) that makes the
outputs u as independent as possible, i.e., u(t) = Wx(t) = WAs(t),
where u is an estimate of the unknown sources s and A is a mixing
matrix [10]. It is proved that for detection of physiological
artifacts from the EEG recordings the best performance can be
achieved using the extended infomax algorithm, which can be
written in the following form [6, 10]:

AWOC%V(J)WTW:[I+(/)(u)uT—uuT]W, (1

where: H(y) is the joint entropy at the outputs y; of a neural
network, I is an identity matrix and ¢(u) is the gradient vector of
log likelihood called the score function:
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p(u)_l—[’" plu,) is the hypothesized distribution of p(s).
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Moreover, it is shown that maximizing the joint entropy H(y) of
the output of a feedforward neural network can approximately
minimize the mutual information among the output components
v: = g(u;), where g(u;) is the nonlinear function [11]. The choice of
the nonlinearity is very important, because the basic idea of the
infomax rule is to match the slope of the nonlinear function of the
elementary processing unit in a neural network with the input
probability density function [11]. Generally, the form of nonli-
nearity should be the cumulative density function of distributions
of the independent sources s;:
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For the infomax algorithm it was proposed to use a wide group
of sigmoid functions [11]. For the hyperbolic sigmoid an extended
infomax algorithm is given by:

AW o agliv(g)wrw = [I—tanh(u)uT —uuT]W. )

The algorithm given by Eq. 4 is implemented in the EEGLAB
toolbox [12]. For the EEG signal separation I there is proposed
a new sigmoid function:

- (6))
(u)=——,
gb!p( ) 1+b+‘u‘
where the coefficient b is the slope parameter. The shape of the
new function for different values of the slope parameter is
presented below.

Fig. 1. Algebraic bipolar sigmoid function for different values of the slope
parameter b, u is a vector

Rys. 1. Przebiegi algebraicznej bipolarnej funkcji sigmoidalnej dla roznych
warto$ci parametru b, u jest wektorem

The proposed nonlinearity is an algebraic bipolar sigmoid
function that belongs to the type of the simple sigmoids and
satisfies the following conditions [13]: is a smooth and odd
functions, has horizontal asymptotes, i.e., lim, .., g(u) = 1 and
2(u)/u is a completely convex function in (0, 1).

The new nonlinearity can be linearly transformed to obtain the
output between 0 and 1, i.e., gy () = 0.5 g3, (u) + 0.5. The form
of the score function ¢(u) for the new sigmoid function and the
slope parameter b =1 is defined as:

mw=—ﬁgm@> ©)

Hence, the extended infomax algorithm can be written in the
following form:

oH (y 2 7
AW o av(V)WTW{I—ugb,-p(U)"T—uuT}W M

The presented new extended adaptive algorithm in Eq. 7 satisfies

the sufficient condition that guarantees asymptotic stability [14],
i.e., k>0, where k; = E{g; u)}E{ u?} - E{p{u;) u; }, because:

e : 2u; ®)
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For the new extended infomax rule the asymptotic stability is
always guaranteed.

3. Materials

In this experiment two types of the EEG data were prepared. In
the first case, the EEG signals were recorded using a multi-
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channel Grass Technologies Comet EEG system with AS40
amplifier and a digital EEG/PSG simulator. The EEG recordings
were collected from 19 scalp electrodes with a sampling rate of
200 Hz. For simulated data the referential montage was used. The
simulated electroencephalogram includes the standard EEG data
and an additional sequence of the physiological artifacts:
symmetrical eye movements and muscle artifacts.

The real EEG data were recorded at a 200 Hz sampling rate
using a 19-electrode scalp longitudinal montage. These signals are
corrupted by eye movements and muscle activity. Fig. 2 presents
a S-sec interval of two types of the EEG recordings: three
channels (Fpl-REF, Fp2-REF, T3-REF) for the simulated data
and four channels (Fp1-REF, T3-REF, T5-REF, Fp2-REF) for the
real signals.

simulated EEG data

Fpt - REF P/
Fp2 - REF /'y [l
T3 - REF Ml

151617181920

real EEG data

Amplitude (pV)

Fp1 - REF P Sy
T3 - REF [rrmtovtasman!
5 - REF Py
Fip2 - REF Wi 100

JAA W/ 1s

242526272829

Time (sec)

Fig.2.  The figure illustrating a set of the selected EEG signals - simulated
recordings and real data affected by the symmetrical eye movements
and muscle artifacts

Rys.2. Obraz przedstawiajacy wybrane fragmenty zapisu EEG - sygnalow
pochodzacych z symulatora oraz sygnatéw rzeczywistych zawierajacych
artefakty oczne i mig§niowe

The new proposition of the extended infomax algorithm
presented in Eq. 7 was implemented in the MATLAB software
using the EEGLAB toolbox [12].

The accuracy of separation of the EEG signals was measured
using the Performance Index [6] defined as:

2 2
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where: g; - the (i, j) element of the global matrix G = W-A,
W — the vector of the separating matrix, A — the vector of the
mixing matrix, max;g;|- the maximum value among the elements
in the i-th row vector of G, maxjg;|- the maximum value among
the elements in the i-th column vector of G. The next proposed
measure is the value of normalized kurtosis, which expresses
different results of the separating process obtained by using two
adaptive algorithms.

4. Results

The results of separation of the selected physiological artifacts
from the simulated and real EEG recordings are presented in Figs.
3 and 4.

The performance comparison between the extended infomax
algorithm and the new proposition of the infomax approach is
shown below. The box plots present differences between the PI
index value.

In the ideal case, when the perfect separation is achieved, the PI
index is zero [6]. The value of this index was changed between
10* to 107, which meant that the adaptive algorithms separated
those EEG signals quite well and the probability of removing the
desired brain signals was small. Moreover, it was proved that the
mean value of the PI index depended on type of the sigmoid
functions.
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&) simulated EEG data
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Pi=0.009

new Infomax algorithm extended Infomax algorithm

Fig.3.  Accuracy of two adaptive algorithms prepared for the simulated EEG
data. The mean values of the PI index for 100 runs

Doktadno$¢ dwoch algorytméw adaptacyjnych dla danych EEG
zarejestrowanych z symulatora. Warto$¢ $rednia wspotczynnika P1
zostata wyznaczona dla 100 prob procesu separacji

Rys. 3.

o real EEG data
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new Infomax rule extended infomax rule

Fig.4.  Accuracy of two adaptive algorithms prepared for the real EEG data.
The mean values of the PI index for 100 runs

Doktadno$¢ dwoch algorytméw adaptacyjnych dla rzeczywistych
sygnatow EEG. Wartos¢ $rednia wspotczynnika PI zostala wyznaczona
dla 100 prob procesu separacji

Rys. 4.

The analysis of the normalized kurtosis value was performed
for the simulated EEG data. Table 1 shows the differences
between the values of the normalized kurtosis for two adaptive
algorithms.

Tab. 1. The values of the normalized kurtosis before and after elimination
of the symmetrical eye movements and muscle artifacts from the
simulated EEG data

Tab. 1. Warto$ci znormalizowanej kurtozy przed oraz po eliminacji

symetrycznych artefaktow ocznych i artefaktow mig$niowych
z zapisu EEG zarejestrowanego z symulatora

Fpl - REF Fp2-REF T3-REF
original EEG data 3.022 3.017 2.025
EEG data with artifacts 16.058 16.034 23.645
the infomax algorithm 3.051 3.047 2.094
the new infomax algorithm 3.031 3.028 2.041

In this experiment, it was shown that the selected physiological
artifacts were largely reduced, but not completely removed.

The results of elimination of the eye movements and the muscle
artifacts are presented below.

Fpt -
Fp2 -
T3 -

Amplitude (pV)

Fp1

Fig. 5.
Rys. 5.
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Results of elimination of physiological artifacts from the EEG data
Rezultaty eliminacji artefaktow fizjologicznych z zapiséw EEG
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Fig. 5 shows that the separation carried out by the two adaptive
rules of the infomax algorithm was not precise, because in the
corrected EEGs there occurred a short interval of the undesired
components.

5. Conclusion

In this paper a new extended infomax algorithm is proposed.
The performance of the new algorithm was investigated with the
EEG data contaminated by the selected physiological artifacts.
Based on the results of the presented experiments, it seems that the
choice of the nonlinearity for the infomax algorithm is very
important. Moreover, it was observed that the proposed adaptive
algorithm could effectively separate EEG signals, which ensured
detecting the typical undesired component, i.e., eye movements
and muscle artifacts.

6. References

[1] Fisch B. J.: Fisch and Spehlmann's EEG primer — Basic principles of
digital and analog eeg. Elsevier, third edition, 1999.

[2] Sanei S., Chambers J.: EEG Signal Processing. John Wiley & Sons,
Ltd, England, 2007.

[3] Wallstrom G., Kass R., Miller A., Cohn J., Fox N.: Correction of
ocular artifacts in the EEG using Bayesian adaptive regression splines.
Bayesian Statistics, Springer-Verlag, vol. 6, 2002.

[4] Lubar J. F. (Ed): Quantitative Electroencephalographic Analysis
(QEEG) Databases for Neurotherapy: Description, Validation and
Application. The Haworth Press, Inc., USA, 2007.

[5] Senthil Kumar P., Arumuganathan R., Sivakumar K., Vimal C.:A
Wavelet based Statistical Method for De-Noising of Ocular Artifacts
in EEG Signals. International Journal of Computer Science and
Network Security, vol. 8, no. 9, 2008.

[6] Cichocki A., Amari S.: Adaptive Blind Signal and Image Processing:
Learning Algorithms and Applications. John Wiley & Sons, Ltd,
England, 2002.

[7] Delorme A., Sejnowski T., Makeig S.: Enhanced detection of artifacts
in EEG data using higher - order statistics and independent component
analysis. Neurolmage, Elsevier, vol. 34, 2007.

[8] Hyvirinen A., Karhunen J., Oja E.: Independent Component Analysis.
John Wiley & Sons, Inc., Canada, 2001.

[9] Jung T. P., Humphries C., Lee T. W., Makeig S., McKeown M. J.,
Iragui V., Sejnowski T. J.: Extended ICA Removes Artifacts from
Electroencephalographic Recordings. Jordan M., Kearns M. and Solla
S. (Eds.:) Advances in Neural Information Processing Systems, MIT
Press, Cambridge MA, no. 10, 1998.

[10]Lee T. W., Girolami M., Bell A. J., Sejnowski T. J.: A unifying
information-theoretic framework for Independent Component
Analysis. International Journal on Mathematical and Computer
Modelling, vol. 39, 2000.

[11]Bell A. J., Sejnowski T. J.: An information-maximisation approach to
blind separation and blind deconvolution. Technical Report no. INC-
9501, Institute for Neural Computation, San Diego, 1995.

[12]Makeig S. et al.: EEGLAB: ICA Toolbox for Psychophysiological
Research. WWW Site, Swartz Center for Computational Neuro-
science, Institute of Neural Computation, University of San Diego,
California, http://sccn.ucsd.edu/eeglab/.

[13]Menon A., Mehrotra K., Mohan Ch. K., Ranka S.: Characterization of
a class of sigmoid functions with applications to neural networks.
Neural Networks, vol. 9, 1996.

[14]Cardoso J. F.: On the stability of source separation algorithms. The
Journal of VLSI Signal Processing, Springer, vol. 26, 2000.

otrzymano / received: 22.08.2012

przyjeto do druku / accepted: 01.10.2012 artykul recenzowany / revised paper




<<
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


