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ABSTRACT

Purpose: The purpose of this study is to assess the performance of computer-aided detection (CAD) software in
detecting and measuring polyps for CT Colonography, based on an in vitro phantom study.

Material and methods: A colon phantom was constructed with a PVC pipe of 3.8 cm diameter. Nine simulated
polyps of various sizes (3.2mm-25.4mm) were affixed inside the phantom that was placed in a water bath. The phantom
was scanned on a 64-slice CT scanner with tube voltage of 120 kV and current of 205 mAs. Two separate scans were
performed, with different slice thickness and reconstruction interval. The first scan (thin) had a slice thickness of 1mm
and reconstruction interval 0.5mm. The second scan (thick) had a slice thickness of 2mm and reconstruction interval of
1mm. Images from both scans were processed using CT Colonography software that automatically segments the colon
phantom and applies CAD that automatically highlights and provides the size (maximum and minimum diameters,
volume) of each polyp. Two readers independently measured each polyp (two orthogonal diameters) using both 2D and
3D views. Readers’ manual measurements (diameters) and automatic measurements from CAD (diameters and volume)
were compared to actual polyp sizes as measured by mechanical calipers.

Results: All polyps except the smallest (3.2mm) were detected by CAD. CAD achieved 100% sensitivity in
detecting polyps >6mm. Mean errors in CAD automated volume measurements for thin and thick slice scans were 8.7%
and 6.8%, respectively. Almost all CAD and manual readers’ 3D measurements overestimated the size of polyps to
variable extent. Both over- and underestimation of polyp sizes were observed in the readers’ manual 2D measurements.
Overall, Reader 1 (expert) had smaller mean error than Reader 2 (hon-expert).

Conclusion: CAD provided accurate size measurements for all polyps, and results were comparable to the two
readers' manual measurements. © 2009 Biomedical Imaging and Intervention Journal. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is the second leading cause
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vast majority of cases, colorectal cancer develops slowly
from precancerous polyps and can be prevented if
precancerous polyps are removed. This indicates the
importance of screening for colorectal cancer. However,
patient compliance with screening recommendations
remains low, due, at least in part, to the limitations of
current screening techniques (e.g. optical colonoscopy,
flexible sigmoidoscopy, barium enema and fecal occult
blood test etc.).

More than a decade ago, CT Colonography was
introduced as a non-invasive technique for the detection
of colonic polyps and colorectal cancer. Since then
tremendous advancements have occurred, including
improvements in the examination technique itself and
also in the interpretation methods. CT Colonography
studies can be read primarily using 3-dimensional
visualisation techniques with 2-dimensional images used
for lesion characterisation or by means of primary
2-dimensional reading for detection and characterisation.
Polyp size is the most important criteria for assessing the
risk of malignancy and the need for follow up in CT
Colonography (CTC). Size was used as the most
important criterion for risk stratification of polyps during
the development of CT Colonography: Reporting & Data
System (CRADS) [1]. Diameter (maximum linear
dimension) has been the standard parameter for reporting
polyp size. Based on size (maximum diameter), polyps
are typically classified into three categories: Diminutive
(<5 mm), Intermediate (6-9 mm) and Large (> 10 mm).
Recommendations for patient follow-up change
significantly, based on the number and more importantly,
the size category of polyps that are detected. Therefore,
accurate and reproducible diameter measurement both
during 2D and 3D interpretation of CTC studies is
critical. Polyp volume has also been proposed as a better
measure than linear dimension or diameter [2]. Further
investigational studies are needed to study the value of
polyp volume compared to maximum diameter. During
the past decade, several studies [3-5] have demonstrated
high sensitivity and specificity of CTC for polyp
detection but few other studies [6, 7] have questioned
that and created disparity in the results. For widespread
acceptance of CTC, methods to improve its accuracy and
reproducibility are required. Computer Aided Detection
(CAD) has been proposed as a possible solution [8].
CAD techniques not only provide the capability of
detecting polyps but also provide automatic
measurement of the volume and diameter of polyps.

MATERIALS AND METHODS

The primary objective of our study was to evaluate
the accuracy of automatic diameter and volume
measurements provided by Computer Assisted Detection
(CAD) software (Extended Brilliance Workspace,
Philips Healthcare, Andover, Massachusetts) for polyp-
simulated structures in a colon phantom. The secondary
objective includes comparison of 2D and 3D manual
measurements performed by two human readers with the
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automatic measurements of CAD. Furthermore, we
sought to assess the effect of scanning parameters (slice
thickness and reconstruction interval) on both automatic
and manual measurements.

Colon Phantom

A colon phantom was constructed using a 1.5"
diameter PVC pipe. Ten phantom polyps comprised of
glass beads of various diameters were glued to the inner
surface of the pipe to mimic polyps on the colon wall
(Fig 2). A very thin layer of glue was applied to the
phantom polyps to avoid any over-estimation of the
polyp size by the software. The glass beads were chosen
as the phantom polyps because their CT density was in a
similar range to real polyps, which vary between
20-100 HU [9]. The phantom was submerged in water as
shown in Fig 1 to simulate the attenuation of the x-ray
beam by the soft tissues surrounding the colon in vivo.
The phantom was sealed at both ends to avoid any water
flowing into the tube. Wooden planks were used to hold
the submerged hollow phantom in place in the water bath.

Phantom Polyps

The phantom polyps were spherical in shape and
were of different sizes. The reference diameter of the
phantom polyps were measured using mechanical
calipers and their volume was mathematically calculated.
The distribution of the phantom polyps by diameter and
their classification into clinically relevant polyp size
classes are provided in Tables 1 and 2 respectively. The
placement of the polyps within the phantom is shown in
Figure 3. The polyp sizes were chosen such that there is
at least one representative phantom polyp from each of
the standard polyp size categories: diminutive (<5 mm),
intermediate (6-9 mm) and large (= 10 mm).

Acquisition Protocol

The phantom was scanned on a Brilliance 64-slice
CT scanner (Philips Healthcare, Andover, Massachusetts,
USA). The scan was performed in a helical mode at a
collimation of 64x0.625, 120 kV, pitch of 0.95 and 205
mAs. The data was reconstructed into thick and thin
images using slice thickness of 2 mm/ reconstruction
interval of 1 mm and slice thickness 1 mm/reconstruction
interval 0.5 mm, respectively. This was done to analyse
the effect of slice thickness on the accuracy of manual
and automatic measurements.

Human readers for manual measurements

For manual measurements, two readers, both
familiar with the CT colonography software but with
different levels of experience, were employed. Reader 1
was an abdominal radiologist with 22 years of
experience in radiology and fellowship training in
gastrointestinal imaging, and was also an expert in
CT Colonoscopy (4 years of experience in CT
Colonoscopy and read over 200 cases at the time of the
study). Reader 1 was also an expert with the workstation
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Figure 1 (a) Experimental Set-up: Colon phantom submerged in water placed on the scanner table (Brilliance 64,
Philips Healthcare, Andover, Massachusetts, USA); (b) Close-up view of the colon phantom inside the
hollow container.

Figure 2 Glass beads (to mimic polyps) glued to the inner surface of the colon phantom.

Figure 3 Placement of all polyps shown in a 3-dimensional overview image reconstructed from CT data.
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Table 1 Phantom polyps used in the colon phantom with their actual diameters measured using mechanical
calipers

Actual Diameter (mm) Quantity
254 1

22.2

15.9

12.7

9.6

6.3

3.2

B W Rk NP

Table 2 Defining the clinically relevant ranges of polyp size. Recommended patient follow-up changes
substantially for polyps detected in the higher size ranges.

Diameter Range Category Number of phantom polyps
<6 mm Small 1
6-9 mm Intermediate 4
>10 mm Large 5

Table 3  Results show the absolute mean errors for automatic measurements and manual measurements (2D and
3D) by readers when compared with actual polyp sizes.

Dataset Type Orthogonal Absolute Mean Error (%)
Diameters Colon CAD Reader 1 (3D) Reader 1(2D) Reader 2 (3D) Reader 2 (2D)
Thin Slice Diameter 1 7.85 9.96 5.74 12.21 5.93
Diameter 2 4,99 8.46 4.23 11.55 10.54
Thick Slice Diameter 1 9.59 12.03 6.15 16.49 5.43
Diameter 2 5.94 15.04 3.62 14.05 10.05
Dataset Type Absolute Mean Error (%) in Volume
measurement by Colon CAD
Thin Slice 8.72
Thick Slice 6.78

Table 4 Interobserver Agreement Analysis: Comparing manual 2D and 3D measurements from two readers on
thick and thin slice datasets

Dataset Orthogonal 3D 2D
Type Diameters Mean 95% Bland-Altman Mean 95% Bland-Altman
Difference Limits of Agreement Difference Limits of Agreement
Thin Slice  Diameter 1 0.11 1.8,-15 -0.87 0.8,-2.6
Diameter 2 0.16 15,-1.1 -0.93 0.3,-2.2
Thick Diameter 1 0.43 1.3,-0.5 -0.96 0.1,-2.0
Slice Diameter 2 -0.15 11,-14 -0.6 11,-23
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Figure 4 Colon Computer Aided Detection (CAD) software automatically detecting and measuring the polyp

diameters and volume.

and software used in the study. Reader 2 was a radiologic
technologist with no clinical experience interpreting
CT Colonoscopy but with more than 5 years of
experience in advanced CT post-processing and 3D
imaging. The two readers interpreted the images
separately and were blinded to the results from each
other and also to the ground truth.

Image Processing and Interpretation

The reconstructed images of the phantom were
transferred to a clinical post-processing workstation
(Extended Brilliance Workspace, Philips Healthcare,
Andover, Massachusetts, USA). The workstation
includes an advanced Virtual Colonoscopy application
with varied displays including 2D multi-planar,
endoluminal and a Perspective-Filet View (dissection
view) to optimize interpretation and Colon CAD
software for automatic detection, segmentation and
measurement of polyps.

The Colon CAD software (Philips Healthcare,
Andover, Massachusetts, USA) used in the study is a
feature-based technique that identifies potential polyps
based on morphology and density. The CAD algorithm

performs this operation in three steps. First, the
algorithm identifies convex elevated regions with
positive curvature throughout the colonic surface.
Second, it calculates the likelihood value based on
morphology (including size, convexity and compactness)
and Hounsfield Unit (intensity) average and standard
deviation of each of those candidates. Finally, a subset of
those candidates are classified and highlighted as
possible polyps based on a pre-defined threshold for the
likelihood value and on an optimal setting on the Free-
receiver operating curve (FROC).

Both phantom scans were processed by the Colon
CAD algorithm. Automatic diameter (two orthogonal)
and volume measurements provided by CAD were
recorded. An example of CAD detection and automatic
measurement is shown in Figure 4. Both readers read the
scans using a combination of perspective filet view and
endoluminal 3D view, making measurements on 2D
images and 3D endoluminal images on separate
occasions. 3D measurements were made on the
endoluminal view and 2D measurements were made on
either the axial, coronal or sagittal 2-dimensional
reconstructed images (whichever provides the optimized
“maximal” dimension), as in clinical practice. A
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substantial time gap (approximately 1 month) was built

in between 2D and 3D measurements to avoid recall bias.

Statistical Analysis

The accuracy of measurements from CAD and
readers (2D and 3D) was measured using absolute mean
error (%) calculations compared to the actual
measurements of the simulated-polyps. A Student T Test
was used to compare the volume and diameter
measurements from CAD and readers, between thick and
thin slices. Bland-Altman Analysis [10] was used to
evaluate the inter-observer agreement between the
readers for the repeated manual measurements (2D and
3D).

RESULTS

Diameter 1 is the maximum diameter of a polyp
measured by readers or CAD, and Diameter 2 is the
measurement orthogonal to the maximum diameter. For
2D measurements, readers used axial 2D slices and the
maximum diameter measurements were made on the
slice with the largest visible diameter. The orthogonal
measurement to the maximum diameter was recorded as
Diameter 2. For 3D measurements, readers used the
endoluminal view. Sample measurements are shown in
Figure 5.

All polyps except one (3.2mm) were detected by
Colon CAD in both thin and thick scans. There was no
difference in the CAD standalone sensitivity between
thick and thin slices, with CAD achieving 100%
sensitivity for polyps > 6 mm. The absolute mean error
in automatic Colon CAD volume measurements for thin
and thick slice scans were 8.7% and 6.8%, respectively.
The difference in the CAD volume measurements
between thick and thin slice datasets is not statistically
significant (P>0.05). The absolute mean error for Colon
CAD diametric measurements was lesser in thin slice
datasets than thick slice datasets but the difference was
not statistically significant. The absolute mean error for
readers’ manual 2D and 3D measurements was in most
cases lesser for thin-slice datasets compared to thick slice
datasets. The absolute mean errors (%) for all
measurements are shown in Table 3. The differences
between measurement were found to be statistically
insignificant (P>0.05). Almost all CAD and readers’ 3D
measurements overestimated the size of polyps but it was
noticed that the overestimation was relatively higher for
small polyps. Both over- and underestimation of polyp
sizes were observed in the readers’ 2D measurements.

The Bland-Altman analysis computed the
interobserver agreement between the readers for repeat
manual 2D and 3D measurements of simulated polyps.
The mean difference between the observer measurements
and the 95% Bland-Altman limits of agreement are
shown in Table 4.
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Figure 5 Sample measurements: (a) Image shows an axial 2D
slice with the largest visible diameter (Diameter 1 =
221 mm) measured along with the orthogonal
diameter (Diameter 2 = 21.6 mm); (b) Image shows a
polyp on the 3D endoluminal view with two diameter
measurements. The image also shows CAD volume
measurements that are computed automatically.

DISCUSSION

The Colon CAD software for CT Colonography
may potentially improve readers’ detection performance
and reduce variability among readers [11]. The CAD
software can be used in a concurrent reading (CAD
findings highlighted during the radiologist’s primary
read) or a sequential/second reading paradigm (CAD
findings highlighted only after the radiologist’s primary
read is complete). Some studies have suggested that
CAD may benefit novice readers more than the
experienced ones [12]. Colon CAD provided accurate
size measurements for a wide-ranging size of phantom
polyps, and results were comparable to the manual
measurements made by two independent readers. The
absolute % (mean) error for CAD and for the readers was
relatively higher for smaller polyps (6-9 mm diameter)
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than large polyps (=10 mm diameter). Overall, Reader 1,
the expert in interpretation of CT colonography, had a
smaller mean error than Reader 2. As mentioned above,
polyps can be categorised based on their size (diameter)
and three clinically relevant categories have been defined
[1]. In our study, based on readers' and CAD
measurements, no phantom polyp was misclassified in a
larger or smaller size category due to over- or under-
estimation of size respectively. But this may be due to
the low number of sample polyps with sizes that are
close to the polyp size categorical boundaries. This is an
important issue since the recommended patient follow-up
may change substantially as the size of the polyp
detected increases [1]. For example, in some clinical
settings, a patient with a single 6-9 mm polyp may be
triaged to a follow-up CT colonography while a patient
with a polyp above 10mm in diameter is generally
considered to have an advanced adenoma for which
optical colonoscopy would be recommended. Therefore,
this finding needs further analysis with a larger sample
size.

In our study, readers’ 2D measurements were more
accurate than 3D measurements. All polyps except one
(3.2mm) were detected by Colon CAD in both thin and
thick scans. This polyp was missed in both thin and thick
slice datasets. This may be due to the fact that the
manufacturer default threshold for the Colon CAD
algorithm is set at detecting polyps >6 mm. The polyp
was visible to the naked eye in both the datasets since the
reconstruction of both datasets were thin enough to
reveal such small polyps. The size of the missed polyp
being very close to this threshold could have been the
reason for non-detection. In fact, after the study was
completed, the 3.2mm polyp was shown to be detectable
when the diameter threshold for CAD was reduced
below the default used for the study. The clinical
significance of detecting polyps in the 3-4 mm size range
remains a subject of controversy. The published
consensus proposal for reporting CT colonography
considers colonic polyps less than or equal to 5 mm in
diameter or so-called diminutive polyps as not clinically
significant [1]. CAD achieved 100% sensitivity in
detecting polyps >6mm in this phantom.

LIMITATIONS

A typical CT Colonoscopy patient prep includes
ingestion of a low-density barium suspension for tagging
solid fecal residue and iodine-based contrast material for
tagging the fluid that remains inside the patient’s colon.
This helps in differentiating between polyps and other
non-polyp material. The presence of tagged or untagged
fluid/fecal material on or close to the polyps may affect
the manual and automatic measurements. In this study
design, this effect was not measured due to the
limitations in the design of the phantom. Future studies
to evaluate the effect of fluid and fecal material (tagged
or untagged) in the colon on these measurements are
needed. Due to the small sample size (number of

This page number is not
for citation purposes

phantom polyps) and use of only two dissimilar readers,
we did not analyse inter- and intra-observer variability
for the manual 2D and 3D measurements. Future studies
with larger sample size are needed to perform this
analysis. Lastly, the phantom used in this study is a
simplistic approach to a real patient colon. To verify that
these findings are reproducible in a clinical setting, a
similar study is needed using a more complex phantom
with a morphology that mimics colonic folds and
flexures as well as non-spherical phantom polyps that
mimic the irregular shapes of real polyps.

CONCLUSION

CAD provided accurate size measurements
(diameter and volume) for all simulated polyps. The
CAD automated measurements were comparable to the
two readers'’ manual measurements. This proves the
ability of CAD to provide automated measurements of
diameter which may help decrease interpretation time for
CT Colonography. CAD was also very sensitive to the
polyps that are considered clinically relevant. This study
shows that CAD may prove to be beneficial for CT
Colonography.

REFERENCES

1. Zalis ME, Barish MA, Choi JR et al. CT colonography reporting
and data system: a consensus proposal. Radiology 2005; 236(1):3-
9.

2. Blake ME, Soto JA, Hayes RA et al. Automated volumetry at CT
colonography: a phantom study. Acad Radiol 2005; 12(5):608-13.

3. Kim DH, Pickhardt PJ, Taylor AJ et al. CT colonography versus
colonoscopy for the detection of advanced neoplasia. N Engl J
Med 2007; 357(14):1403-12.

4. Johnson CD, Chen MH, Toledano AY et al. Accuracy of CT
colonography for detection of large adenomas and cancers. N Engl
J Med 2008; 359(12):1207-17.

5. Pickhardt PJ, Choi JR, Hwang | et al. Computed tomographic
virtual colonoscopy to screen for colorectal neoplasia in
asymptomatic adults. N Engl J Med 2003; 349(23):2191-200.

6. Cotton PB, Durkalski VL, Pineau BC et al. Computed tomographic
colonography (virtual colonoscopy): a multicenter comparison
with standard colonoscopy for detection of colorectal neoplasia.
JAMA 2004; 291(14):1713-9.

7. Rockey DC, Paulson E, Niedzwiecki D et al. Analysis of air
contrast barium enema, computed tomographic colonography, and
colonoscopy: prospective  comparison. Lancet  2005;
365(9456):305-11.

8. Summers RM, Yao J, Pickhardt PJ et al. Computed tomographic
virtual colonoscopy computer-aided polyp detection in a screening
population. Gastroenterology 2005; 129(6):1832-44.

9. Oto A, Gelebek V, Oguz BS et al. CT attenuation of colorectal
polypoid lesions: evaluation of contrast enhancement in CT
colonography. Eur Radiol 2003; 13(7):1657-63.

10. Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986;
1(8476):307-10.

11. Halligan S, Altman DG, Mallett S et al. Computed tomographic
colonography: assessment of radiologist performance with and
without computer-aided detection. Gastroenterology 2006;
131(6):1690-9.

12. Baker ME, Bogoni L, Obuchowski NA et al. Computer-aided
detection of colorectal polyps: can it improve sensitivity of less-
experienced readers? Preliminary findings. Radiology 2007;
245(1):140-9.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




