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The objective of this study was to compare the
diagnostic accuracy in the interpretation of chest nod-
ules using original CT images versus enhanced CT
images based on the wavelet transform. The CT images
of 118 patients with cancers and 60 with benign
nodules were used in this study. All images were
enhanced through an algorithm based on the wavelet
transform. Two experienced radiologists interpreted all
the images in two reading sessions. The reading
sessions were separated by a minimum of 1 month in
order to minimize the effect of observer’s recall. The
Mann–Whitney U nonparametric test was used to
analyze the interpretation results between original and
enhanced images. The Kruskal–Wallis H nonparametric
test of K independent samples was used to investigate
the related factors which could affect the diagnostic
accuracy of observers. The area under the ROC curves
for the original and enhanced images was 0.681 and
0.736, respectively. There is significant difference in
diagnosing the malignant nodules between the original
and enhanced images (z=7.122, PG0.001), whereas
there is no significant difference in diagnosing the
benign nodules (z=0.894, P=0.371). The results
showed that there is significant difference between
original and enhancement images when the size of
nodules was larger than 2 cm (Z=−2.509, P=0.012,
indicating the size of the nodules is a critical evaluating
factor of the diagnostic accuracy of observers). This
study indicated that the image enhancement based on
wavelet transform could improve the diagnostic accu-
racy of radiologists for the malignant chest nodules.
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INTRODUCTION

C urrently, both of the morbidity and mortality
of bronchogenic lung cancer rank first in

malignant tumors. The overall 5-year survival rate
of lung cancer patients is only 14% and remained at
this level for the past two decades. However, it is
estimated that only 15% of early-stage lung cancer

could be detected by means of chest radiography.
Although findings from comparative studies of chest
radiography and computed tomography (CT) have
shown CT to be the best imaging modality for the
detection of pulmonary nodules, the original images
of CT are still not good enough in quality to satisfy
the requirement of interpretation in certain condi-
tions. For example, the sensitivity of plain CT is not
high enough to show spiculation sign, vacuole sign,
and pleural indentation, which could bring difficul-
ties in differentiating small peripheral lung cancer
from benign nodules.1 In addition, the application of
low-dose protocol for the screening early-stage lung
cancer with spiral CT may cause the degradation of
image quality .The visibility of some structures in
medical images, especially the details that may be
conveying diagnostic information, may have a vital
role in providing sufficient visual information for the
clinician.2 The visibility of relatively smaller and
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nonsignificant details may be extremely important,
especially in early diagnosis of cancer.
The application of wavelet analysis in enhanc-

ing medical images is the focus of international
interest. For example, Hakan Öktem introduces a
local adaptive image enhancement and simulta-
neous denoising algorithm which is based on the
modification of wavelet transform coefficients.3

The result showed that this algorithm could
increase the visibility of relatively nonsignificant
details without distorting the image. Yang used a
hybrid structural filtering technique which is based
on wavelet reconstruction of feature extreme to
enhance the feature differences between normal
and diseased lung parenchyma.4 The thorax
includes information on many different tissues
with different X-ray transmittance, which would
have a major impact on identification of early
signs of lung cancer.5

This paper aims to assert the better effect of
using wavelet transformation and combining other
enhancement or noise removal methods to enhance
CT images of early-stage peripheral lung cancers.

MATERIAL AND METHODS

Materials

Our Institutional Review Board approved this
study. The CT images of 118 patients with cancers
and 60 with benign nodules were used in this
study. Of them, there were 73 men and 105

women (age range, 19–80 years; mean age,
58 years). The final diagnosis of 118 small
peripheral lung cancers (diameter range, 0.6–
3.0 cm; mean diameter, 2.0 cm) was determined
by either an operation or biopsy. The diagnosis of
benign nodule (diameter range, 1.0–3.0 cm; mean
diameter, 2.0 cm) was confirmed either by pathol-
ogy or by a 2-year follow-up. A total of 2,058 CT
digital images obtained from 178 patients were
made available in the study.

Image Acquisition

All images were acquired with an eight-slice
helical CT scanner (GE/Light speed ultra System
CT99, USA) using a tube voltage of 120 kV and
current of 200 mA. Slice thickness and reconstruc-
tion intervals for routine scanning were 5.0 mm
and those for high-resolution CT were 1 mm. CT
images were displayed at fixed setting (lung
window center, −600 HU; lung window width,
1,600 HU; mediastinum window center, 40 HU;
mediastinum window width, 400 HU). The images
were reconstructed with a matrix of 512×512.

Main Steps of Image Enhancement

Base on relative study and our pilot trials, the
sym8 function was selected to perform multiscale
wavelet decomposition.6 The decomposed high-
frequency coefficients were enhanced, and the
wavelet reconstruction was carried out depending
on the high- and low-frequency coefficients to

Table 1. Observers’ Interpretation Results Using Original Images

Characteristic of chest nodules

Interpretation results of original images (N, %)

1 2 3 4 5 Total

Benign 3 (5.00) 10 (16.67) 5 (8.33) 21 (35.00) 21 (35.00) 60 (100.00)
Malignant 24 (20.34) 36 (30.51) 14 (11.86) 22 (18.64) 22 (18.65) 118 (100.00)
Total 27 (15.17) 46 (25.84) 19 (10.67) 43 (24.16) 43 (24.16) 178 (100.00)

Table 2. Observers’ Interpretation Results Using Enhanced Images

Characteristic of chest nodules

Interpretation results of enhanced images

1 2 3 4 5 Total

Benign 5 (8.33) 13 (21.67) 1 (1.67) 18 (30.00) 23 (38.33) 60 (100.00)
Malignant 41 (34.75) 38 (32.20) 3 (2.54) 23 (19.49) 13 (11.02) 118 (100.00)
Total 46 (25.84) 51 (28.65) 4 (2.45) 41 (23.03) 36 (20.22) 178 (100.00)
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obtain the enhanced images. Then, the CLAHE or
Wiener-2 adaptive filter was used to improve the
quality of images. One radiologist who did not
participate in the process of evaluation read the

image quality after the process of enhancement.
When the image quality was regarded as not
meeting the requirement of interpretation by this
radiologist, the experience value of CLAHE or
Wiener-2 adaptive filter was used to improve the
image quality.

Image Interpretation

Each of the images was evaluated by two
experienced radiologists, and the results were
obtained by the consensus conclusion. In cases of
discrepancy, conclusions were reached by inter-
rater consensus in the presence of a third experi-
enced radiologist. The reading sessions were
separated by a minimum of 1 month in order to
minimize the effect of observer’s recall. In the first
reading session, each reader interpreted the origi-

Fig. 1. Source of the curve.

Table 3. The Interpreting Results between Original and Enhancement Images According to Patients’ Gender, Patients’ Age, Location,
and Size of Chest Nodules

Factors Evaluation

Interpretation results

Z value P value1 2 3 4 5 Total

Gender

Men
Original 10 22 6 18 17 73 −1.545 0.122
After enhancement 20 22 0 16 15 73

Women
Original 17 24 13 25 26 105 −1.552 0.121
After enhancement 26 29 4 25 21 105

Age

G60
Original 16 18 13 17 18 82 −.172 0.864
After enhancement 19 20 4 20 19 82

≥60
Original 11 28 6 26 25 96 −2.808 0.005
After enhancement 27 31 0 21 17 96

Location

Upper
Original 13 19 14 26 25 97 −1.847 0.065
After enhancement 22 27 2 28 18 97

Middle lobe or tongue lobe
Original 1 5 2 4 3 15 −1.240 0.215a

After enhancement 4 5 1 3 2 15

Lower lobe
Original 13 22 3 13 15 66 −.821 0.412
After enhancement 20 19 1 10 16 66

Nodule size

G1.0 cm
Original 4 10 9 10 11 44 −.245 0.807
After enhancement 4 12 2 15 11 44

1.0∼1.9 cm
Original 13 28 7 25 23 96 −1.378 0.168
After enhancement 25 25 2 23 21 96

2.0∼3.0 cm
Original 10 8 3 8 9 38 −2.509 0.012
After enhancement 17 14 0 3 4 38

Total
Original 27 46 19 43 43 178 −2.174 0.030
After enhancement 46 51 4 41 36 178

aExact Sig. [2×(1-tailed Sig.)]=0.233
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nal images, and in the second session, the
enhanced images were interpreted. Cases were
presented in a randomized order in each reading
session. All radiologists were blinded to the
patients’ clinical history, physical findings, patient
identity, and final diagnostic results. The observers
were told that the purpose of the study was to
distinguish benign from malignant lesions. Images
were displayed in a one-by-one format using a
monochrome monitor (BARCO MGD221, Barco-
view, Kortrijk, Belgium) with a matrix size of
1,280×1,600. All annotations and labels in the
images were toggled off. The readers were
instructed to determine the characteristics of each
chest mass. A five-point malignancy scale was
used, with a score of 1 defining a definitely
malignant pulmonary mass, a score of 2 character-
izing probably a malignant pulmonary nodule, a
score of 3 referring equivocal, a score of 4
describing a probably benign nodule, and a score
of 5 being a definitely benign nodule. All
processes of images enhancement were performed
with the software of MATLAB (version 7.3.0),
including wavelet enhancement, the Wiener-2
adaptive filer and the CLAHE. The operating
system was Windows 2000.

Data Analysis

The Mann–Whitney U nonparametric test was
used to analyze the interpretation results between
the original and enhanced images. The Kruskal–
Wallis H nonparametric test of K independent
samples was used to investigate the related factors
which could affect the diagnostic accuracy of lung
diseases. Analysis was performed using SPSS,
version 14.0, software (SPSS, Inc., Chicago, IL).

RESULTS

Parameters Selection Results

The sym8 function was selected for image
decomposition and reconstruction. The decomposi-
tion coefficients enhancement threshold k of wavelet
ranges from 300 to 500, and the enhancedmultiple of
coefficients vary from 0.9 to 1.3. The neighborhood
size of CLAHE is 8×8, and the extent of local
contrast enhancement is within the scope from 0.001
to 0.002. The experience valuewas used to implement

CLAHE and (or) Wiener-2 adaptive filter in accord-
ance with the size of image contrast or the magnitude
of noise intensity.

Interpretation Results of Original
and Enhanced Images

The observer interpretation results of the original
and enhanced images are shown in Tables 1 and 2,
which were used to draw ROC curves, as shown in
Fig. 1. The area under the ROC curves for the
original and enhanced images is 0.681 and 0.736,
respectively. The Mann–Whitney U nonparametric
test was used to analyze the interpretation results
between original and enhanced images. There is

Fig. 2. The original image of lung carcinoma.

Fig. 3. The enhanced image of lung carcinoma.
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significant difference in diagnosing the malignant
nodules between original and enhanced images (z=
7.122, PG0.001).Whereas there is no significant
difference in diagnosing the benign nodules
(z=0.894, P=0.371).
For evaluating the related factors which could

affect the diagnostic accuracy of observers, the
interpretation results were compared between the
original and enhanced images according to
patients’ gender, patients’ age, location of nodules,
and size of nodules. The results showed that there
is significant difference between the original and
enhancement images when the size of nodules was
larger than 2 cm (Z=−2.509, P=0.012). There was
no significant difference in other aspects (Table 3).

DISCUSSION

Lung cancer is the most common fatal malignancy
in both men and women.7 More than 50% of patients
will have distant metastases at diagnosis, and only
20%–25% of patients will have lesions that are
localized and potentially respectable for cure.8 Some
studies have suggested that spiral CT can depict lung
cancers that are of a smaller size (G2 cm in diameter)
and earlier stage (85%–93% at stage I) than those
observed at chest radiography in current clinical
practice.9 This study mainly focused on the detect
ability of chest nodules but did not consider the
characterization of the lesions although which is
important for patients’ treatment and prognosis. The
details of images, such as the size, location, margin
and internal density, and peripheral signs of chest
nodules, were very important for the final diagno-
sis.10 The evaluation of the characteristic of chest
nodules was a subjective task. In some conditions,
for example, the low-dose CT screening, the observ-
ers’ decision may be affected by the degradation of
image quality. Image enhancement techniques base
on wavelet transform have been the main tools to
improve the quality and appearance of images by
changing contrast and the other parameters (Figs. 2
and 3).
The results of our study showed that the z values

of original and enhanced images are 0.681 and
0.736, respectively. There are significant differ-
ences in ROC performance between the original
images and enhanced images for the malignant
nodules. The diagnostic performance of enhanced
images is superior to that of original images. In

addition, the main factors which could affect the
final decision of observers were also evaluated.
Our results suggested that when the size of chest
nodules is larger than 2 cm, the diagnostic
accuracy of observers have been greatly improved
using the enhanced images. We believe that the
most important reason is that enhancement based
on wavelet transform could improve the image
quality. While more details of images could be
observed, especially for the chest nodules with
larger size, more confidence of the observers for
the characterization of chest nodules is increased.
Certainly, there are some limitations in this

study. The noise of images is slightly fortified
when the high-frequency component is enhanced
by wavelet transformation. We also observed that
CLAHE could magnify the background noise at
the same time of improving the image contrast and
enhancing the image details. In addition, many
parameters such as wavelet decompose scale size,
threshold k, and enhanced multiples are involved
in wavelet transform enhancement. The process of
selection is a subjective task which could be
affected by the experience of observers. All these
factors could decrease the diagnostic performance
of enhanced images. This algorithm of enhance-
ment should be improved further.
In conclusion, this study indicates that the image

enhancement based on wavelet transform could
improve the diagnostic accuracy of radiologists and
could be deemed as a useful reference to the
equivalent studies.

REFERENCES

1. Li F, Sone S, Abe H, Macmahon H, Doi K: Malignant
versus benign nodules at CT screening for lung cancer:
comparison of thin-section CT findings. Radiology 233
(3):793–798, 2004

2. Öktem H, Egiazarian K, Niittylahti J, Lemmetti J, Latvala
J: A wavelet based algorithm for simultaneous x-ray image de-
noising and enhancement. In Proc. 2nd International Confer-
ence on Information, Communications & Signal Processing
(ICICS ’99), Singapore, December 1999

3. Öktem H, Egiazarian K, Niittylahti J, Lemmetti J: An
approach to adaptive enhancement of diagnostic x-ray images.
EURASIP J Appl Signal Process 5:430–436, 2003

4. Yang GZ, Hansell DM: Hansell: CT image enhancement
with wavelet analysis for the detection of small airways disease.
IEEE Trans Med Imag 16(6):953–961, 1997

5. Birring SS: Symptoms and the early diagnosis of lung
cancer. Thorax 60:268–269, 2005

48 GUO ET AL.



6. Jin ATB, Ling DNC, Song OT: An efficient fingerprint
verification system using integrated wavelet and Fourier-
Mellin invariant transform. Image Vis Comput 22:503–513,
2004

7. Swensen SJ, Jett JR, Sloan JA, Midthun DE, Hartman TE,
Sykes AM, et al: Screening for lung cancer with low-dose spiral
computed tomography. Am J Respir Crit Care Med 165(4):508–
513, 2002

8. Swensen SJ, Jett JR, Hartman TE, Midthun DE, Sloan JA,
Sykes AM, Aughenbaugh GL, Clemens MA: Lung cancer

screening with CT: Mayo Clinic experience. Radiology 226
(3):756–761, 2003
9. Sone S, Li F, Yang ZG, Takashima S, Maruyama Y,

Hasegawa M, Wang JC, Kawakami S, Honda T: Characteristics
of small lung cancers invisible on conventional chest radiog-
raphy and detected by population based screening using spiral
CT. Br J Radiol 73(866):137–145, 2000
10. Sluimer I, Schilham A, Prokop M, van Ginneken B:

Computer analysis of computed tomography scans of the lung:
a survey. IEEE Trans Med Imag 25(4):385–405, 2006

WAVELET TRANSFORM IMPROVING DIAGNOSTIC ACCURACY OF CHEST NODULES 49


	Enhanced CT Images by the Wavelet Transform Improving Diagnostic Accuracy of Chest Nodules
	Abstract
	Introduction
	Material and Methods
	Materials
	Image Acquisition
	Main Steps of Image Enhancement
	Image Interpretation
	Data Analysis

	Results
	Parameters Selection Results
	Interpretation Results of Original and Enhanced Images
	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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


