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Abstract. Multimodal volume data commonly found in medical imag-
ing applications present both opportunities and challenges to segmenta-
tion and visualization tasks. This paper presents a user directed volume
segmentation system. Through a spreadsheets interface, the user can
interactively examine and refine segmentation results obtained from au-
tomatic clustering. In addition, the user can isolate or highlight a feature
of interest in a volume based on different modalities, and see the corre-
sponding segmented results. Our system is easy to use since the pre-
liminary segmentation results are organized and presented to the user
in a relation-aware fashion based on the spatial relations between the
segmented regions. We demonstrate this system using two multimodal
datasets.
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1 Introduction

Medical doctors routinely rely on multimodal volume data in their diagnosis and
surgical planning tasks. Segmentation is a critical step in medical imaging where
a particular material of interest is separated from the surrounding materials and
background. Even though many segmentation techniques have been developed,
segmenting multimodal volume data is still a challenging task because of the
different natures and complexities of the data and the absence of an integrated
tool for examining and refining the segmentation results. In general, user inter-
vention is required for sophisticated volume segmentation tasks [8]. As such, the
best results may be obtained by coupling expert user’s knowledge with machine
intelligence, which suggests the need of an intuitive interactive interface for the
user to visually compare different segmentation results and make corrections
until satisfactory results are obtained.

In our study, we put our emphasis on intelligent visualization and user
interface design for multimodal volume segmentation. We have developed a
spreadsheet-style visualization system to facilitate image segmentation and re-
sult refinement. In the case studies involving PET and CT volume data, as
regions of interest are suggested by the PET data, we advocate an interactive
PET-guided segmentation approach. The system initially generates a number of
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clusters from the multimodal data using k-means clustering and then presents
them on the spreadsheets. A user can start from the PET data and select the
cluster of interest. The clusters of CT or MRI data covered by the selected
PET cluster will be highlighted in the spreadsheets. With an artificial intelli-
gence technique called region connection calculus [1,3], the spatial relations of
the clusters can be derived automatically. With the estimated relations, the sys-
tem can generate a relation-aware layout for the spreadsheets to clearly reveal
the spatial relations between the clusters. This enables users to efficiently and
interactively refine the clustering results on the spreadsheets. Our contributions
are as follows. First, we design a new spreadsheet-style user interface that al-
lows for efficient segmentation and visualization of multimodal data. Second,
we propose a PET-guided and relation-aware segmentation procedure based on
region connection calculus. Our system is used primarily for segmentation refine-
ment and is not limited to k-means clustering. It can also be adapted to other
segmentation approaches based on different machine learning techniques.

2 Related Work

Spatial Relation Spatial relations between 3D objects have been widely studied in
computer graphics [11] and artificial intelligence [3,9]. Cohn et al. [9] introduced a
theory which uses the connectivity between regions to reason the spatial relations
between objets. Based on the theory, region connection calculus (RCC) [3] has
been developed to estimate the spatial relations. Chan et al. [1] employed RCC
to define various relations in volume data which are then represented using
relation graph for relation-aware volume exploration. Other relation estimation
and representation methods such as contour tree [12] and local histograms [7]
have also been used in visualization. As opposed to RCC, these approaches
cannot fully address the general spatial relations such as separate, enclose, and
overlap relations in a volume. Our system adopts the approach in [1] for spatial
relation reasoning for volume data because of its simplicity and robustness.

Segmentation and User Interface. Segmentation of three-dimensional medical
volume data is a well-established problem in medical imaging. Fully automatic
methods is extremely difficult because of restrictions imposed by image acqui-
sition, pathology, and biological variation [8]. A great number of interactive
approaches have been proposed in literature. They can be roughly classified
into three groups: user-steered methods, user-intervened techniques, and seg-
mentation refinement tools [4]. Our method can be treated as a segmentation
refinement tool. Tzeng and Ma [13] proposed a volume visualization system that
allows users to work on the cluster space and refine the clustering results interac-
tively. Compared with other methods, our method works in cluster space and is
relation-aware. It allows users to intuitively select and manipulate the clusters,
whose spatial relations are clearly shown, for improving the results.

Spreadsheets have been widely used in computer graphics and visualization
because of their expressiveness and scalability [6]. With spreadsheets, users can
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Fig. 1. Our segmentation refinement pipeline

create multiple visualizations of several data sets simultaneously, manipulate
these visualizations together or separately, and compare and contrast them visu-
ally [2]. Jankun-Kelly and Ma [5] proposed a spreadsheet-like interface for visual-
ization exploration and encapsulation. Our system also employs the spreadsheets
paradigm, to facilitate segmentation refinement, which has not been studied be-
fore.

3 System Overview

Figure 1 shows our segmentation refinement process including a data prepro-
cessing stage and a user directed stage. In the data preprocessing stage, our
system creates an initial set of clusters from the input multimodal volume data,
and evaluates the spatial relations between each pair of clusters using RCC. In
a subsequent user-directed process, the system provides an intuitive user inter-
face with a 3D volume view, a 3D PET view, and a spreadsheets view to help
users interactively refine the clusters. The spreadsheets organize the preliminary
clusters and presents them to the users in a relation-aware manner based on the
estimated spatial relations between the clusters. Users can merge or split the
clusters in the spreadsheets to refine the segmentation results. The system up-
dates the spatial relations between the newly refined clusters and other clusters,
and adjusts the spreadsheets layout to reflect the changes. The spreadsheets also
enables PET-guided enhancement, in which users can isolate or highlight a fea-
ture of interest in a volume from CT or MRI using the data from the PET for
further refinement.
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4 Spatial Relation

Spatial relations between structures, such as the spatial composition of the
structures and their spatial locations and relative positions in a volume, have
significant impacts on medical image segmentation refinement. After an initial
automatic clustering process, our system generates a set of clusters (or struc-
tures) from the volume data, which users can refine and improve. However, users
may feel difficult to recognize the clusters if we present the clusters to them with-
out proper visual cues. In the system, we try to address this issue by providing
users with the visual cues of the spatial relations of the clusters in a volume
for segmentation refinement. The previous work on spatial reasoning for volume
data using Region Connection Calculus (RCC) [1] provides a means for an ab-
stract and qualitative description of spatial relations between volume structures.
In this section, we briefly introduce this approach, which we employ to determine
the spatial relations of volume structures.

RCC is a widely used region-based approach in spatial reasoning. It can derive
the spatial relations based on the connectivity C between regions S through a set
of algebraic relations. Interested readers can refer to [3] for more details about
RCC. Given a set of clusters of a volume S = {si|i = 1 · · ·n}, we adopt the
approach proposed by Chan et al. [1] to quantitatively measure the relations
of the clusters, such that the relations can be expressed by RCC in a numeric
and precise manner. Their approach can identify four typical relations in the
volume, i.e., separate, touch, part-of, and partially overlap. In addition, they
also incorporate fuzzy logic [10] into RCC for estimating fuzzy relations between
regions, as precise structure boundaries may be difficult to define. Thus, the
relations are defined as:

R = {((si, sj), rcon(si, sj))|(si, sj) ∈ S × S} (1)

where (si, sj) is a pair of regions in S and rcon is a membership function. The
portion of the regions being connected with other regions indicates the degree of
connectivity. Thus, the membership function rcon for connectivity can be defined
as

rcon(si, sj) =

∑
x∈si

⋃
sj

μxφ(x)
∑

x∈si

⋃
sj

μx
(2)

μx = max{px(s1), · · · , px(sn)} (3)

where x denotes a voxel in the volume space, μx represents the maximum con-
fidence at x, φ(x) returns 1 if it is connected to si and sj , or else 0, px(si)
represents the probability of x that belongs to si, which can be modeled as

px(si) =
px(si|I(x))

∑n
k=0 px(sk|I(x))

(4)
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Fig. 2. Our user interface includes a 3D volume view (left) and a spreadsheet (right)

where I(x) is the intensity at voxel x and n is the number of the clusters. The
membership functions of other spatial relations can be derived from rcon [3] as

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

rdc(si, sj) = 1 − rcon(si, sj)
rp(si, sj) = minsk∈S{max{1 − rcon(sk, si), rcon(sk, sj)}}
ro(si, sj) = maxsk∈S{min{rp(sk, si), rp(sk, sj)}}
rpo(si, sj) = min{ro(si, sj), 1 − rp(si, sj), 1 − rp(sj , si)}
rec(si, sj) = min{rcon(si, sj), 1 − ro(si, sj)}

(5)

where rdc, rec, rp, rpo represent separate, touch, part-of, and partially overlap
relations, respectively. With these rules and membership functions, our system
can automatically determine the relations between the regions of a volume.

5 User Interface

Our user interface includes a 3D fused view (Fig. 2-(a)), a 3D PET view (Fig. 2-
(b)), and a spreadsheet-view (Fig. 2-(c)). The 3D fused view shows a comprehen-
sive result by fusing the PET structure in Fig. 2-(b) and the structures selected
from the spreadsheet in Fig. 2-(c). The spreadsheet can be divided into several
parts, each of which shows the clustering results for one modality. Figure 2-(c)
shows the spreadsheet for the CT data. The green PET structure in Figure 2-
(b) is used to highlight or isolate a feature of interest in the CT data for result
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refinement. The first row of the spreadsheet contains a set of images for the
isolated CT feature rendered using different transfer functions, lighting, or view
parameters, so that users can visually compare the feature from different per-
spectives. The structures spatially related to the focus feature are presented in
the following rows (“Touch”, “Neighbor”, and “Overlap”) according to the es-
timated spatial relations with the focus feature. Thus, in the spreadsheet, each
row presents a set of volume rendered images of a structure with a specific spatial
relation to the focus feature but with different visual attributes. Each column,
on the other hand, shows the volume rendered images of multiple features with
the same visual attribute but with different spatial relations to the focus feature.

The spreadsheets allow users to interactively refine and visually compare the
segmentation results. For example, given a PET volume and a CT volume, the
system first creates an initial set of clusters of the data by k-means clustering.
Users can identify the important regions from the initial set of PET clusters
readily, which can then be used to isolate a feature of interest from the CT
clusters. The spreadsheet shows the isolated CT feature in the “Focus” row. In
addition, the spreadsheet also displays all other CT clusters with close spatial
relations to the isolated feature at the same column as the isolated feature.
Users can select multiple structures in the spreadsheet and merge them into
one structure, or split one structure into multiple structures. After the merge
or split operations, the affected structures are removed, and the newly created
structures are inserted into the spreadsheet according to the spatial relations.
This can greatly facilitate segmentation refinement. The spreadsheets are also
capable of displaying all intermediate segmentation results side by side using
different visual attributes, thus allowing users to visually compare the quality
of each segmentation result from different perspectives. For instance, given a
column of the spreadsheets, users can make several duplicate columns and apply
different visual attributes to each column. Figure 2-(c) shows such an example
where three columns of the segmentation results are visually compared from
three different view angles.

6 Experimental Results

In this section, we demonstrate the effectiveness of our system using a breast
cancer data set and a wrist data set.

Breast Cancer. The first data set used in this paper is a 150x150x70x32bits
breast cancer volume. Radiologists usually need to see the tumor as well as
its surrounding structures. However, without careful segmentation refinement,
the spatial relations between the tumor and other structures such as ducts are
often unclear in a traditional 3D volume rendered image (Fig. 3-(a)), because
other irrelevant tissues such as subcutaneous fat, mammary hyperplasia and the
lobules are also shown. With our system, the most relevant structures can be
easily detected, compared, and refined in the spreadsheets. Fig. 3-(b) shows a
volume rendered image of a refined result where the irrelevant structures that can
be identified readily in the relation-aware spreadsheets are removed. In this case,
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(a) (b) (c) (d)

Fig. 3. (a) volume rendered image of a breast cancer volume where spatial relations
between the tumor and its neighboring tissues are difficult to identify; (b) image refined
from (a) by the spreadsheets where the spatial relations are clearly shown; (c) image
of a wrist volume where the inner bone layer is lost; (d) image refined from (c) where
the missing inner bone layer is recovered and highlighted in red

the lactiferous ducts connected to the tumor are more important than the fat
tissue, lobules, and mammary hyperplasia separated from the tumor. With the
spreadsheets view, users can immediately select and refine the desired structures,
and then generate a view which preserves the most important context. These
results show the effectiveness of our space-aware segmentation procedure using
the spreadsheets.

Wrist. The second experiment was conducted to demonstrate that our spread-
sheets system allows users to intuitively explore the data. The wrist volume we
used in this experiment is a 512x512x512x32bits data set. Our collaborators are
interested in the bone structure and want to examine the erosion effect on the
bone caused by wrist cancer. Usually, users have to fine-tune transfer function
to visualize different layers of bones. In this data set, there are two layers (clus-
ters) in the hand bone. If we assign them the same opacity, the outer layer will
occlude the inner layer. The result is shown in Fig 3-(c). Using relation-aware
spreadsheets, the “enclose” relation between layers can be easily revealed. Such
information helps users set a higher opacity for inner structures than for outer
structures. Fig 3-(d) shows the refined result.

7 Conclusion

This paper presents relation-aware spreadsheets for efficient volume segmenta-
tion and visualization based on region connection calculus. With the system,
users can visually compare the segmentation results from various perspectives
(using different visual attributes) and interactively refine them. A PET-guided
segmentation procedure based on the spreadsheets is introduced for multimodal
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data segmentation. The current system supports only the merge and split refine-
ment operations, which may not be sufficient for other complex image data sets.
In the future, we plan to develop additional operations tailored to the needs of
new applications. We also intend to conduct a user study with medical physi-
cians and radiologists to improve this spreadsheet-based system according to our
findings.

Acknowledgements. This research was sponsored in part by the U.S. National
Science Foundation through grant CCF 0811422. The breast and wrist datasets
are provided by Ramsey Badawi and Abhijit J. Chaudhari of UC Davis Medical
Center.

References

1. Chan, M.Y., Qu, H., Chung, K.K., Mak, W.H., Wu, Y.: Relation-aware volume
exploration pipeline. IEEE Transactions on Visualization and Computer Graph-
ics 14(6), 168–175 (2008)

2. Chi, E.H., Riedl, J., Barry, P., Konstan, J.: Principles for information visualization
spreadsheets. IEEE Computer Graphics and Applications 18, 30–38 (1998)

3. Cohn, A.G., Bennett, B., Gooday, J., Gotts, N.M.: Qualitative spatial represen-
tation and reasoning with the region connection calculus. GeoInformatica 1(3),
275–316 (1997)

4. Foo, J.L.: A survey of user interaction and automation in medical image segmen-
tation methods. Tech. rep., Iowa State Universtity - Human Computer Interaction
(2006)

5. Jankun-Kelly, T.J., Ma, K.L.: Visualization exploration and encapsulation via
a spreadsheet-like interface. IEEE Transactions on Visualization and Computer
Graphics 7(3), 275–287 (2001)

6. Levoy, M.: Spreadsheets for images. In: ACM Siggraph (1994)
7. Lundstrom, C., Ljung, P., Ynnerman, A.: Local histograms for design of trans-

fer functions in direct volume rendering. IEEE Transactions on Visualization and
Computer Graphics 12(6), 1570–1579 (2006)

8. Olabarriagaa, S., Smeulders, A.: Interaction in the segmentation of medical images:
A survey. Medical Image Analysis 5(2), 127–142 (2001)

9. Randell, D.A., Cui, Z., Cohn, A.: A spatial logic based on regions and connection.
In: International Conference on the Principles of Knowledge Representation and
Reasoning (1992)

10. Schockaert, S., Cornelis, C., Cock, M.D., Kerre, E.E.: Fuzzy spatial relations be-
tween vague regions. In: IEEE International Conference on Intelligent Systems
(2006)

11. Sowizral, H.: Scene graphs in the new millennium. IEEE Computer Graphics and
Applications 20(1), 56–57 (2000)

12. Takahashi, S., Fujishiro, I., Takeshima, Y., Nishita, T.: Afeature-driven approach
to locating optimal viewpoints for volume visualization. IEEE Visualization (2005)

13. Tzeng, F.Y., Ma, K.L.: Cluster-space interface for volume data. In: Eurographics
- IEEE TCVG Symposium on Visualization (2004)


	Relation-Aware Spreadsheets for Multimodal Volume Segmentation and Visualization
	Introduction
	Related Work
	System Overview
	Spatial Relation
	User Interface
	Experimental Results
	Conclusion
	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




