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Abstract—The result of image thresholding is not always
satisfactory due to the disturbing factors like vagueness, non-
uniform illumination etc and to overcome these problems recently
various researchers have proposed fuzzy image thresholding. The
linear index of fuzziness for type-1 fuzzy sets by Zenzo et. al.
and measure of ultrafuzziness for type-2 fuzzy sets by Tizhoosh
has difficulties in handling MRI brain images with one level of
gray value as background and other two levels of grayness as
white matter and gray matter. Hence this paper proposes new
modified thresholding measures for MRI brain images using type-
1 and type-2 fuzzy sets. The results show the effectiveness of the
proposed modified thresholding measures.
Index Terms—type-1 fuzzy sets, type-2 fuzzy sets, thresholding,

ultrafuzziness

I. INTRODUCTION

Image thresholding, considered as the simplest form of
segmentation, is an important task in most of the image
processing applications. Lot of research work has already
been appeared on robust thresholding techniques [1], [2], [3].
Recently fuzzy set theory have been used extensively in image
thresholding [4], [7], [8], [9], [10], [11], [12], [13] due to the
ability of fuzzy logic in handling ambiguity/vagueness in the
presence of disturbing factors like non-uniform illumination,
vagueness etc.
Fuzzy thresholding techniques can be classified into four

categories [4] based on the way in which it is applied. They are
namely (a) fuzzy clustering using fuzzy c-means, probabilistic
c-means etc. (b) rule-based approaches (c) fuzzy geometrical
approaches using spatial image information and geometrical
measures(compactness, area coverage etc.) (d) information-
theoretical approach by minimizing/maximizing measures of
fuzziness (index of fuzziness, fuzzy entropy, fuzzy divergence
etc.). Due to the simplicity and high speed of information-
theoretical approach [7], [8], [9], [10], [11] it has been mostly
used for image thresholding.
The linear index of fuzziness for type-1 fuzzy sets by

Zenzo et. al. [11] and measure of ultrafuzziness for type-2
fuzzy sets by Tizhoosh [4] has difficulties in handling (we
mean thresholding) MRI brain images. Here the difficulties in
thresholding are due to the presence of 3 levels of grayness
in MRI images, one level of gray value as background and
other two levels of grayness as white matter and gray matter.
Hence this paper proposes new modified thresholding measures
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Fig. 1. Gaussian membership function with variance=0.9 of (a) type-1 with
mean=5 (b) type-2 with uncertain means mean1=4.5, mean2=5.5

for MRI brain images using type-1 and type-2 fuzzy sets.
The results show the effectiveness of the proposed modified
thresholding measures.
This paper is organized as follows. Section II deals with

measure of fuzziness and section III introduces modified
measures of fuzziness. Section IV presents the experimental
results and section V concludes the paper.

II. MEASURE OF FUZZINESS

A. Type-1 fuzzy sets

A type-1 fuzzy set A in X is defined by a type-1 member-
ship function ����� given by

� � ���� �������� � �� (1)

Figure 1a shows the Gaussian membership function of type-1
fuzzy set with variance = 0.9 and mean = 5.
The linear index of fuzziness [11] for an � � � image

subset � � � with L gray levels � � ��� 	� �� can be given
by


���� �
�

��

����

���

�����	
�������� �� ������ (2)

where h(g) is the histogram. ����� is the membership function
and can be defined by the standard S-function, Huang &
Wang function, triangular membership function, LR type fuzzy
number etc..
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B. Type-2 fuzzy sets
Even though the application of T1 FS has seen success

in all applications[5], [6], since it introduction by Zadeh in
1965, it has limited capabilities to directly model and minimize
the effect of uncertainties [14], [15], [16], [17], [18]. This
is due to the fact that T1 FS does not have measure of
dispersion to capture more about linguistic uncertainties as
equivalent to that of probability density function (pdf) 1 having
variance as a measure of dispersion about the mean. In late
1975, Zadeh introduced the concept of type-2 fuzzy sets (T2
FS). T2 FS are described by membership functions (MFs)
that are characterized by more parameters than MFs for T1
FSs and hence T2 FSs provide more degrees of freedom to
handle uncertain environments [14]. Type-2 fuzzy sets are
characterized by fuzzy membership functions that are three-
dimensional with membership grade as a fuzzy set in [0, 1]
rather than two dimensional membership functions with crisp
number in [0, 1] as membership grade as in the case of T1
FS.
A type-2 fuzzy set ( ��) is given by

�� � ����� ��� � ����� ���� �� � �� �� � �� � ��� ��� (3)

where � � � ����� �� � � is a type-2 membership function. ��
can also be expressed as

�� �

�
���

�
����

� ����� ������ ��� �� � ��� �� (4)

A more practical definition for a type-2 fuzzy set can be
given as

�� � ���� �� ���� ������� �� � ��

����� � ���� � �� ���� � � ��� ��� (5)

Figure 1b shows the Gaussian membership function of type-2
fuzzy set with variance = 0.9 and uncertain means 4.5 & 5.5.
The ultrafuzziness [4] �	 for an
�� image subset �� � �

with L gray levels � � ��� 
	 �� can be given by

	���� �
	


�

����
	��

����� ��� ���	 ������ (6)

where h(g) is the histogram, � ����� is the membership function,
�� ��� � �������

�
� is the upper membership values, ����� �
�������

� is the lower membership value and � � ��� 	�.

III. INTRODUCING MODIFIED FUZZINESS MEASURE

A. Modified index of fuzziness for type-1 fuzzy sets
The modified index of fuzziness for an
�� image subset

� � � with L gray levels � � ��� 
	 �� can be given by

	���� �
	


�

����
	��

����� ������ ��	 ������ (7)

1pdfs usually require infinite number of moments. Since it is very difficult
to determine all the moments, we make use of only first two moments namely
mean and variance(measure of dispersion about mean)

where h(g) is the histogram. ����� is the membership function
and can be defined by the standard S-function, Huang &
Wang function, triangular membership function, LR type fuzzy
number etc..

B. Modified measure of ultra fuzziness for type-2 fuzzy sets
The modified ultrafuzziness �	 for an 
 �� image subset

�� � � with L gray levels � � ��� 
	 �� can be given by

	���� �
	


�

����
	��

����� ������ ��� ���	 ������ (8)

where h(g) is the histogram, � ����� is the membership function,
�� ��� � �������

�
� is the upper membership values, ����� �
�������

� is the lower membership value and � � ��� 	�.

IV. EXPERIMENTS AND RESULTS FOR THRESHOLDING
BRAIN IMAGES

Image thresholding using type-1 fuzzy sets is done by
thresholding with the minimum/maximum fuzziness obtained
by shifting the membership function, defined over the im-
age histogram, along the grey level range. Similarly, image
thresholding using type-2 fuzzy sets can be done by thresh-
olding with the minimum/maximum ultrafuzziness obtained
by shifting the membership function, defined over the image
histogram, along the grey level range.
Magnetic resonance images have three levels of grayness in-

herent in it. One level of gray value can be seen as background
and other two levels of grayness can be seen as white matter
and gray matter. Fig. 2 shows the white and gray matter in the
brain slice. Due to the presence of 3 levels of greyness in MRI
images, it is very difficult to threshold. Normal thresholding
for two levels of greyness (namely separating background and
foreground) will not work properly for MRI images.

Fig. 2. White matter and gray matter corresponding to a brain slice

Several brain images have been experimented and here we
show only the results of three slices of brain. Fig. 3 show
the orginal brain slices and Fig. 4 show the corresponding
preprocessed images.
Linear index of fuzziness (of type1) is calculated using

eqn.2 and modified index of fuzziness (of type1) is calcu-
lated using eqn.7. Fig.5 show the plot of linear index of
fuzziness and modified index of fuzziness corresponding to
the preprocessed images (fig.4). It can be seen from the
first image of Fig.5 that modified fuzziness index gives a
threshold, �� � �

 for PImage1, which gives a much better
thresolding result which can be seen from the first images
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Fig. 3. Orginal images (from left) (a) Image1, (b) Image2, and (c) Image3

Fig. 4. Preprocessed images corresponding to Fig. 3 (from left) (a) PImage1,
(b) PImage2, and (c) PImage3

of Fig.6 and Fig.7. Modified fuzziness index of PImage2 and
PImage3, as seen in the second and third images of Fig.5,
shows two twists corresponding to gray and white matter in
the images. But such twists cannot be seen in the linear index
of fuzziness of PImage2 and PImage3, as seen in the second
and third images of Fig.5. The threshold values corresponding
to the secondary twist helps to separate (and hence threshold)
white matter. The thresholding results corresponding to the
thresholds thus obtained (Fig.7) performs better than the linear
thresholds (Fig.6) (Please see the second and third images of
corresponding figures).

Fig. 6. Thresholded images with threshold obtained from fuzziness index of
type1. Thresholded (a) PImage1 with T=176, (b) PImage2 with T=199, and
(c) PImage3 with T=199

Ultrafuzziness (of type2) is calculated using eqn.6 and
modified index of fuzziness (of type2) is calculated using
eqn.8. Fig.8 show the plot of ultrafuzziness and modified ul-
trafuzziness corresponding to the preprocessed images (fig.4).
Modified ultrafuzziness shows two twists corresponding to

Fig. 7. Thresholded images with threshold obtained from modified fuzziness
index of type1. Thresholded (a) PImage1 with T=166, (b) PImage2 with
T=165, and (c) PImage3 with T=147

TABLE I
THRESHOLDS FOR THE IMAGES

PImage1 PImage2 PImage3
Type-1 176 199 199
mType-1 166 165 147
Type-2 176 199 150
mType-2 156 150 133

gray and white matter in the images. The threshold values
corresponding to the secondary twist helps to separate (and
hence threshold) white matter. It can be seen from the figures
that modified ultrafuzziness gives a thresholding result which
is much better than the threshold of ultrafuzziness and it clear
from the images of Fig.9 and Fig.10.

Fig. 9. Thresholded images with threshold obtained from ultrafuzziness of
type2. Thresholded (a) PImage1 with T=176, (b) PImage2 with T=199, and
(c) PImage3 with T=150

Fig. 10. Thresholded images with threshold obtained from modified ultra-
fuzziness of type2. Thresholded (a) PImage1 with T=156, (b) PImage2 with
T=150, and (c) PImage3 with T=133
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Fig. 5. Fuzziness index (of type1) and modified fuzziness index (of type1) for the images (from left) (a) PImage1, (b) PImage2, and (c) PImage3
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Fig. 8. Ultrafuzziness and modified ultrafuzziness for the images (from left) (a) PImage1, (b) PImage2, and (c) PImage3

V. CONCLUSION
Due to the difficulties in handling MRI brain images with

one level of gray value as background and other two levels
of grayness as white matter and gray matter, the paper has
presented modified index of fuzziness for type1 fuzzy sets and
modified ultrafuzziness for type2 fuzzy sets for thresolding
brain images. The results have shown the effectiveness of the
proposed modified thresholding measures.

ACKNOWLEDGMENT
This research is supported by University Grants Commis-

sion, India through a major research project grant (UGC F. No.
33-62/2007 (SR) dated 28th Feb 2008). N. Senthilkumaran,
Thilagavathy, K. Priya and Shanmuga Priya are currently doing
Ph.D in Bharathiar University.

REFERENCES
[1] K.C. Lin, Fast image thresholding by finding the zeros of the first

derivative of between class variance, Mach. Vis. Appl. 13 (5-6) (2003)
254-262.

[2] P.L. Rosin, Unimodel thresholding, Pattern Recognition 34 (11) (2001)
2083-2096.

[3] L. Snidaro, G.L. Foresti, Real-time thresholding with Euler numbers,
Pattern Recognition Lett. 24 (9-10) (2003) 1543-1554

[4] H.R. Tizhoosh, Image thresholding using type II fuzzy sets, Pattern
Recognition Lett. 38 (2005) 2363-2372.

[5] P. Balamurugan, R. Rajesh, Fuzzy Logic Approach using Guided Gray
Level Coherence Features for Greenery and Non-Greenery Image Clas-
sification, Far East Journal of Experimental and Theoretical Artificial
Intelligence, ISSN: 0974-3261, vol. 2(1), pp. 47-58, 2008

[6] R. Rajesh, M.R. Kaimal, T-S Fuzzy Model with Nonlinear Consequence
and PDC Controller for a Class of Nonlinear Control Systems, Applied
Soft Computing Journal, Elsevier (ISSN: 1568-4946), vol. 7(3), pp. 772-
782, June 2007.

[7] L.K. Huang, M.J. Wang, Image thresholding by minimizing the measure
of fuzziness, Pattern Recognition 28 (1995) 41-51.

[8] N.R. Pal, D. Bhandarai, D.D. Majumder, Fuzzy divergence, probability
measure of fuzzy events and image thresholding, Pattern Recognition
Lett. 13 (1992) 857-867.

[9] H.R. Tizhoosh, H. Haubecker, Fuzzy image processing: an overview, in:
B. Jahne, H. Haubecker, P. Geibier (Eds.), Handbook on computer vision
and applications, Academic Press, Boston, 1998.

[10] Q. Wang, Z. Chi, R. Zhao, Image thresholding by maximizing the index
of nonfuzziness of the 2-D grayscale histogram, Computer Vision Image
understanding 85 (2) (2002) 100-116.

[11] S.D. Zenzo, L. Cinque, S. Levialdi, Image thresholding using fuzzy
entropies, SMC 28(1) (1998) 15-23.

[12] S.K. Pal, C.A. Murthy, Fuzzy thresholding: mathematical framework
bound functions and weighted moving average technique, Pattern Recog-
nition Lett. 11 (1990) 197-206.

[13] N. Senthilkumaran, R. Rajesh, ”Edge Detection Techniques for Image
Segmentation - A Survey of Soft Computing Approaches”, International
Journal of Recent Trends in Engineering, Academy Publisher (Finland),
Issue. 1, Vol. 1, No. 2, June 2009

[14] J.M. Mendel, Uncertain Rule-based fuzzy logic systems, Prentice-Hall,
Englewood Cliffs, NJ, 2001.

[15] J. M. Mendel and R. I. Bob John, Type-2 fuzzy sets made simple, IEEE
Trans. on Fuzzy Systems, vol. 10, pp. 117-127, April 2002.

[16] Q. Liang and J. M. Mendel, Interval type-2 fuzzy logic systems: theory
and design, IEEE Trans. on Fuzzy Systems, Vol. 8, pp. 535-550, Oct.
2000.

[17] N. N. Karnik, J. M. Mendel and Q. Liang, Type-2 fuzzy logic systems,
IEEE Trans on Fuzzy Systems, vol. 7, pp. 643-658, Dec. 1999.

[18] N. N. Karnik and J. M. Mendel, Centroid of a type-2 fuzzy set,
Information Sciences, vol. 132, pp. 195-220, 2001.

995

 

 

 



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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 true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


