Estimating Quality Bounds of JPEG 2000 Compressed
Leukocytes Images

Alexander Falcc’)n—Ruizl, Juan Paz—Vieral, and Hichem Sahli?

! Center for Studies on Electronics and Information Technologies, Universidad Central de
Las Villas, Carretera a Camajuani km 5 Y2, Santa Clara, VC, CP58430, Cuba
{afalcon, jpaz}@uclv.edu.cu
2 Vrije Universiteit Brussel, Dept. Electronics & Informatics, VUB-ETRO,
B-1050 Brussels, Belgium,
sahli@etro.vub.ac.be

Abstract. Several pathologies are detected by counting different types of
leukocytes indigital microscopic images. However, manipulation of these
images, i.e. storage and/or transmission, can be complicated by the large sizes
of the files containing them. In order to tackle this particular situation, lossy
compression codecssuch as JPEG2000 have been employed while preserving
the overall perceived image quality. In this paper a strategy based on objective
quality metrics and performance of segmentation algorithms is proposed for the
estimation of the maximal allowable compression rate (CR) where deterioration
introduced in the images by the JPEG 2000 codec does not affect identification
of white blood cells. Results indicate that the estimated value lays around CR =
142:1as measured by the metrics employed.

Keywords: JPEG 2000, microscopic images, leukocytes, compression,
segmentation.

1 Introduction

Several pathologies such as acquired immunodeficiency syndrome,cancers, or chronic
infections,are detected nowadays as a specialistobserves and extracts information
from images containingwhite blood cells,also called leukocytes.Traditionally the
expert select an area of interest in a peripheral blood or bone marrow slide, and by
using a microscope, detectsdifferent types of leukocytes, increasing the counts for
each one, providing important information to doctors in the diagnosis of such
diseases.

Microscope-based biomedical imaging technique is characterized by large file
sizes due to the bit depths employed and the high resolution properties of the digital
acquisition devices. Some issues might arise when manipulating these images, i.e.
during storage of everyday image production and/or transmission through digital
communication networks [1], [2]. The amount of such images obtained in everyday
practice, depending on the type of studies required for every particular detection task,
can be enormous.
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Although diagnosis is not recommended over compressed images,there has been an
effort to employ lossycodecsfor images that undergo second evaluation as part of a
second opinion or a follow-upprocess. These algorithms are reported to have an order
of magnitude higher in compression rate (CR) in comparison to losslesscodecs.

One ofthesecodecs is JPEG 2000 (ISO 15444-1), based on the wavelet transform
and added to DICOM standard around November 2001, in Supplement 61: JPEG
2000 Transfer Syntaxes[3], [4].
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Fig. 1. Section Ashows a 1536V x 2048H pixel size bitmap image which occupies 9.00 MB of
disk space. Sections B, C and D showa region containing a monocyte extracted from A after it
is compressed at 3 different JPEG 2000 CRs, i.e. 50:1, 100:1 and 200:1. The edges, texture and
contrast are severe distorted as compression rate increases.

Although JPEG2000 has been adopted by DICOM standard, there are still no
regulations for the use of itslossymode where, the higher the CRs are, the more
distortion is introduced in the image, affecting particularly edge definition and so
jeopardizing the correct identification of the structures and the diagnosis made
through these images [5]. The example in Fig. 1 shows a typical image and a Region
of Interest (ROI) extracted from this imageafter compression at different CRs.

Several researches have been carried out in order to establish a CRlimit for specific
image types where the overall perceived image quality is not perceptually affected
when using lossycodec [6], [7], [8]. In this paper, we propose estimating the
maximum allowable CR where deterioration introduced, by the codec, in the images
does not affect the quality of leukocytes images. The estimation is based on objective
quality metrics, and its performance is evaluated using several segmentation
algorithms.

2 Materials and Methods

2.1 The Images

Images were acquired using a Micrometrics 318CU CMOS digital camera, resulting
in 24-bit color pictures of 2048H x 1536V size. The camera was attached to an Accu-
scope 3016PL trinocular microscope with 100x oil immersion objective and 10x
eyepieces. For the test, we selected 15 images per leukocyte class, where theclasses of
interest were: lymphocytes, monocytes, neutrophils, basophils and eosinophils. Some
manually cropped images are shown in Fig.2.
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Fig. 2. Leukocytes. Left to right: lymphocyte, monocyte, neutrophil, basophil, eosinophil

Leukocytes classification is characterized by the observation, detection and
classification of details or singularities within those images. A specialized observer
extracts features such as shape, texture and color from them in order to classify the
cells according to the types mentioned above. The lossycompression of such images
might introduce distortions that directly affect the way in which those details are
perceived as CR increases. Their preservation is crucial for assuring correct
classification of leukocytes.

2.2 Compression with JPEG 2000 Codec

The implementation of JPEG2000 known as JasPer[9]was employed.Each entire
image (as in Fig. 1 A) was compressed in a wide range of CR values from 33:1, where
images show little degradation in quality, up to 1000:1, where image quality is highly
degraded, the deterioration observed in the images is significant, cells loose important
information such as edge definition, and contrast is also affected.Using a compression
factor (CF=1/CR) step of 0.001, a set of 30 compressed images (CF from 0.001 to
0.030) was produced. Later on, the ROIs were extracted from the uncompressed and
every reconstructed image.

The CR is calculated as the necessary memory space (in bytes) for allocating
uncompressed image divided by the number of bytes necessary for allocating the
same image in its compressed format.

2.3 Quantitative Measures

Traditionally, the overall estimation of image quality has been carried out with the
calculation of several objective uni-variate and bi-variate metrics, altogether with
subjective criteria involving human observers. Their reliability in different situations
and image types has been also widely investigated by many authors [1], [2], [10].

For our particular research the following bi-variate measures are chosen:
- The Peak Signal-Noise Ratio (PSNR):considering X(i,j)as the uncompressed image
and Y(i,j)the restored one, PSNRis defined as:

PSNR(dB) = 10 - log;, (MAX” ). 0

whereMAXp=2"-1,B is the image bitdepth and MSE(mean square error) is defined as:
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MSE = =T, S0 (X (@) — Y (0 ))? @

wherem and n are the number of rows and columns in the image, respectively.
- The spectral distance (SD):a measure of distance between uncompressed and
reconstructed Fourier domainimages given by:

SD = =3, X (oG )] — 19NN, 3)

where (i, j)and@ (i, j)are the imaginary parts ofFourier transforms of uncompressed
and restored images, respectively.
- The gain in Contrast to Noise ratio(gCNR) is defined as:

gCNR(B) = 10 - logy, (nx), @

CNRy
whereCNRy and CNRy are the contrast-to-noise ratios in the uncompressed and
reconstructed images respectively calculated as CNR; = (X;; — X;;)/0;, with X;; and
X, being the mean values of intensity from two different regionsin image i and g; the
standard deviation of noise in same image.

- The structural similarity index (MSSIM):a powerful measure proposed by Wang et
al. [10] was also employed. It can be calculated as:

MSSIM(X,Y) = - %I, SSIM(x;y;), )

whereMis the number of image blocks x;and y,0of uncompressed and reconstructed
image respectively and SSIM calculated as:

SSIM(X,Y) = Quxuy+C1)Q2txy+C2) ©

Ux+ug+Cy ’
(ME+p+Cy)(z%+18+C3)

wherep,.andy, are the luminance values, Tyand Tythe contrast estimation values for
uncompressed and reconstructed image respectively and Txy = ﬁ N -
Ux) (Vi — Uy). The constants C; and Csare placed to avoid instability: C;=( KiL)’ where
L= 255, for 8bpp images and K<< 1.

All bi-variate calculations are made between the uncompressed image and every
reconstructed image after being compressed at each CR value in the interval studied.

2.4 The Segmentation Algorithms

Typically, leukocytes identification is based on visual inspection of individual images
of wider Field Of View than the size of individual cells and containing other
structures as well as noise and/or artifacts. The approach of having experts dedicated
to this task is time consuming, exhausting and prone to human error, requiring
frequent repetitions to validate results [11].These situations, altogether with the great
amount of images necessary to achieve a diagnosis, encourage scientists to develop
segmentation algorithms as an early step for automated classification.
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Fig. 3. Images (A-D) in first column are green component sections containing leukocytes
extracted from bigger images as in Fig. 1 section A. Second column (GA - GD) contains the
manually extracted Ground Truths for these sections, while columns three and four contains the
segmentation results at CR=33:1 (SA1- SD1) and CR=1000:1 (SA2 — SD2).

These algorithms are conceived to analyze the images acting as secondary readers
where they reanalyze the image after the initial diagnose by the physician. They are
also designed to objectively quantify features in a robust, reliable and reproducible
manner.

In the present paper, to assess the CR three automatic segmentation algorithms are
tested over a set of leukocytes images, each one compressed at 30 different CR values
within the interval 33:1 to 1000:1, i.e. Otsu’s method [12], Active Contours
(AC)method [13, 14] and the Mixture of Gaussians (MoG) method [15]. For assessing
the segmentation results, of each of the proposed methods, applied at specific CR,
theHausdorff distance [16], between Ground Truths (GTs) and segmentation results
have been estimated.GTswere selected in each ROI at initial state, i.e. without
compression. Fig. 3 shows some of the ROIs from the test images set, their GTs and
segmentation results at minimum and maximum CR.

4 Results

Fig. 4 shows four rate-distortion curves for the four different quality metrics
calculated over the ROIs within the CR interval investigated and averaged over the 15
images in the test set. From the graph, it is observed that metrics such as PSNR and
gCNR show a stronger dependency with CR variation while SD and MSSIM show less
dependence with CR.

A nick point is observed in the curves near CR=142:1 (CF=0.007). For CR values
bigger that this, image quality is severely distorted. At this point PSNR is around 91
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Normalized quality metrics vs. Compression factor
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Fig. 4. The objective metrics are shown in a percent scale. Metrics such as PSNR and gCNR
show a stronger dependency with variation in CR while metrics such as SD and MSSIM show
less dependence with CR. The nick point in the curves at CR = 142:1 suggests a lower CR
bound. For CRs bigger that this, image quality is severely distorted.
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Fig. 5. Normalized Hausdorff distance for the three segmentation algorithms tested. Dotted line
indicates the estimates lower bound in correspondence with previous results from objective
quality metrics
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dB, gCNRis around20dB, SD is 1.19 units and MSSIM is 0.98. At this CR, file size is
reduced from 9 MB to approximately 65 KB.

Fig. 5 shows the normalized Hausdorff distances for the three segmentation
algorithms tested. Although in this graph the three methods show similar behavior as
quality metrics, Otsu’s method had the best performance in our experiment with lower
Hausdorff distance (HD) to the GT (at CR=33:1, HDy,, = 4.5, HDy,c = 8.2, and
HD, = 10.1 Hausdorff distance units). The Hausdorff distance for CRs below 142:1
has a standard deviation below 5% of the Hausdorff distance for the maximum CR
tested.

5 Conclusions

The analysis with objective metrics suggestedan interval of CR values from 33:1 up to
142:1 where is safe to use JPEG 2000. This initial and partial result is later confirmed
by the automatic segmentation algorithms tested which agrees in the upper most CR
value of 142:1.

Both, metrics for evaluating objective quality distortions and the performance of
segmentation algorithms, are considered representative for estimating quality
degradation caused by the lossy codec.

The result presented are preliminary and lack of subjective experience in
interpreting this type of images. A more complex investigation including subjective
evaluation should be carried out in order to precise the bounds for lossy compression.
Nevertheless, a CR limit of 142:1 was estimated through both metric types as a limit
for using JPEG 2000 compression in leukocytes identification tasks.

Acknowledgements

The authors would like to thank Alberto Taboada-Crispi for the analysis and review,
the Canadian International DevelopmentAgency Project Tier 1I-394-TT02-00 and the
Flemish VLIR-UOS Programme for InstitutionalUniversity Cooperation (IUC) for
partly supporting this investigation.

References

1. Acharya, T., Ray, A.K.: Image processing Principles and applications. John Wiley & Sons,
Inc., Hoboken (2005)

2. Lau, C., et al.: Telemedicine.Handbook of Medical Imaging. In: Kim, Y., Horri, S. (eds.),
vol. 3, pp. 305-331. SPIE, Bellingham (2000)

3. Clunie, D.A.: DICOM Supplement 61: JPEG 2000 Transfer Syntaxes (2002),
ftp://medical .nema.org/medical/dicom/final/sup6l_ft.pdf

4. Rabbani, M., Joshi, R.: An overview of the JPEG2000 still image compression standard. 1,
Signal Processing: Image Communication 17, 348 (2002)

5. Foes, D.H., et al.: JPEG 2000 compression of medical imagery. In: SPIE Proc., San Diego,
California, vol. 3980 (2002)



114

10.

11.

12.

13.

14.

15.

16.

A. Falcon-Ruiz, J. Paz-Viera, and H. Sahli

Penedo, M., Lado, M.J., Tahoces, P.G., Souto, M., Vidal, J.J.: Effects of JPEG2000 data
compression on an automated system for detecting clustered microcalcifications in digital
mammograms. IEEE Trans. on Information Technology in Biomedicine 10(2) (2006)
Zhang, Y., Pham, B., Eckstein, M.P.: Evaluation of JPEG2000 encoder options: human
and model observer detection of variable signals in X-Ray coronary angiograms. IEEE
Trans. on Med. Imagin. 23(5) (2004)

Paz, J., Pérez, M., Schelkens, P., Rodriguez, J.: Impact of JPEG 2000 Compression on
Lesion Detection in MR Imaging. Journal of Medical Physics 36(11), 4967-4976 (2009)
Adams, M., Kossentini, F.: JasPer: a software based JPEG2000 codec implementation. In:
Proc. of IEEE International Conference on Image Processing, Vancouver, British
Columbia, Canada. Institute of Electrical and Electronics Engineers, vol. 2, pp. 53-56
(2002)

Wang, Z., Bovik, A.C., Sheikh, H.R., Simoncelli, E.P.: Image Quality Assessment:
FromETrror Visibility to Structural Similarity. IEEE Trans. on Image Proc. 13(4) (2004)
Lee, J.K.T.: Interpretation accuracy and pertinence. American College of Radiology 4
(2002)

Otsu, N.: A Threshold Selection Method from Gray-Level Histograms. IEEE Transactions
on Systems, Man and Cybernetics 9(1), 62—-66 (1979)

Kass, M., Witkin, A., Terzopoulos, D.: Snakes: Active contour models. International
Journal of Computer Vision 1(4), 321-331 (1988)

Chan, F.C., Vese, L.A.: Active Contours Without Edges. IEEE Transactions on Image
Processing 10(2), 266-277 (2001)

Gupta, L., Sortrakul, T.: A gaussian-mixture-based image segmentation algorithm. Pattern
Recognition 31(3), 315-325 (1998)

Huttenlocher, D., Klanderman, G.A., Rucklidge, W.J.: Comparing Images Using the
Hausdorff Distance. IEEE Transactions on Pattern Analysis and Machine
Intelligence 15(9), 850-863 (1993)



	Estimating Quality Bounds of JPEG 2000 Compressed Leukocytes Images
	Introduction
	Materials and Methods
	The Images
	Compression with JPEG 2000 Codec
	Quantitative Measures
	The Segmentation Algorithms

	Results
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




