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Abstract. Registration uncertainty may be important information to
convey to a surgeon when surgical decisions are taken based on regis-
tered image data. However, conventional non-rigid registration methods
only provide the most likely deformation. In this paper we show how to
determine the registration uncertainty, as well as the most likely defor-
mation, by using an elastic Bayesian registration framework that gener-
ates a dense posterior distribution on deformations. We model both the
likelihood and the elastic prior on deformations with Boltzmann distri-
butions and characterize the posterior with a Markov Chain Monte Carlo
algorithm. We introduce methods that summarize the high-dimensional
uncertainty information and show how these summaries can be visual-
ized in a meaningful way. Based on a clinical neurosurgical dataset, we
demonstrate the importance that uncertainty information could have on
neurosurgical decision making.

1 Introduction

An important, but somewhat neglected, topic in the field of non-rigid regis-
tration is: how can we quantify and visualize the registration uncertainty. The
importance can be easily understood in the realm of neurosurgery. Important
functional areas of the brain are commonly defined in the pre-operative do-
main. Whenever these eloquent areas are located adjacent to a tumor, it is
critical that their location are accurately mapped intra-operatively. Current im-
age guided navigation systems use rigid registration to establish the mapping
between the pre- and intra-operative space, but we are beginning to see a shift
towards non-rigid registration which is necessary to accommodate for the non-
rigid movement of brain-tissue caused by for instance brain-shift. Conventional
registration methods estimate the most likely deformation and consequently the
most likely location of a functional area. However, non-rigid registration can be-
have chaotically in the sense that small changes of input parameters can yield
dramatically different results. Some results may be categorized as ”registration
errors” while others represent viable alternate explanations of the underlying
physical reality based on incomplete imaging data. Furthermore, factors such as
resection of tissue, degraded intra-operative image quality and blood and edema
around a tumor, can all contribute to an increase in the registration uncertainty
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in the vicinity of tumors. Hence, for a neurosurgeon, the uncertainty in the esti-
mated location of functional areas can be just as important information as the
most likely estimate of the location.

Few authors have attempted to quantify the full uncertainty of the estimates
produced by non-rigid registration methods. Hub et al. [1] developed a heuristic
method for quantifying uncertainty in B-spline image registration by perturbing
the B-spline control points and analyzing the effect on the similarity criterion.
Kybic [2] consider images to be random processes and proposed a general boot-
strapping method to compute statistics on registration parameters. It is a com-
putationally intensive approach, but is applicable to a large set of minimization
based registration algorithms. In [3], Kybic assumes normally distributed reg-
istration parameters and use the Hessian of the similarity criterion to compute
confidence intervals of the registration parameters. Some reported applications
of uncertainty estimation in other medical applications include; visualization of
uncertainty in image guided needle insertions [4], uncertainty in dose control in
radiation oncology [5] and determining uncertainty in fiber orientation of diffu-
sion tensors [6].

In contrast to the frequentist approach of Kybic [2], we presented in [7] an
elastic non-rigid Bayesian registration framework that estimates the posterior
on both deformation and elastic parameters. We were, firstly, interested in dis-
tinguishing different tissue types based on the posterior distribution on elastic
parameters, secondly, in analyzing how simultaneous estimation of elastic and
registration parameters could potentially improve registration results.

The emphasis of this paper is that, 1) non-rigid registration results come
with a level of uncertainty and 2) conveying the uncertainty, and not only the
most likely estimate, is clinically important. We characterize the posterior dis-
tribution on deformation parameters with the framework in [7] and show several
techniques for summarizing and visualizing the uncertainty of the estimated
posterior distribution.

2 A Bayesian Framework for Elastic Image Registration

This section provides a short summary of the registration framework in [7]. Let
f(x), m(x), x ∈ Ω be a fixed (pre-operative) and moving (intra-operative) d-
dimensional image respectively with Ω ⊂ R

d. We estimate, with a Bayesian
model, a deformation t(x), x ∈ Ω, such that m(t(x) + x) is similar to f .

2.1 Bayesian Generative Model

Both the moving image and the deformation are modeled as random variables,
while the fixed image is a model parameter. This leads to the following joint
probability model, p(m, t) = p(m|t)p(t), where we assume that the observed
moving image is dependent on the deformation. According to the theorem of
conditional probability, we can write the posterior as:

p(t|m) =
p(m, t)
p(m)

=
p(m|t)p(t)

p(m)
. (1)
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We model the likelihood, p(m|t), with a Boltzmann distribution using a tem-
perature, Ts, and a Sum of Squared Difference (SSD) similarity energy function.
Similarly, the prior on the deformation, p(t), is modeled with a Boltzmann dis-
tribution with temperature, Tr, and a linear elastic energy function. The elastic
energy acts as a regularizer on the deformation and is controlled by the Lamé
parameters μ and λ. In [7], we were predominantly interested in generating pos-
terior distributions on the elastic parameters, while this work focuses on the
uncertainty of the deformation parameters. Hence, we keep the elastic param-
eters fixed as model parameters. The energy functions were computed with a
linear elastic Finite Element (FE) model.

2.2 Markov Chain Monte Carlo (MCMC) Simulation

Unfortunately, it is not possible to analytically compute the posterior in Eq. (1),
nor feasible to draw deformation samples directly from it. A common approach
to generate samples from intractable posterior distributions is by way of the
Metropolis-Hastings (MH) algorithm [8]. Candidate samples are drawn from a
simple proposal distribution, t∗ ∼ N(t, σt), in our case a Normal distribution,
and accepted or rejected according to an acceptance criteria which guarantees
that we generate random samples from the posterior distribution. In contrast
to [7], where deformations were only sampled for boundary nodes, we sample
deformations for all nodes in the FE-mesh. Consequently, we build up a posterior
distribution on deformations, as well as marginal posterior distributions on the
movements of individual nodes.

The sampling can easily be extended to reject samples that lead to improbable
configurations of the deformation field, for example by rejecting samples that
move a node in the mesh into an improbable region, or rejecting samples that
lead to folding of the elements.

3 Uncertainty Visualization in Non-rigid Registration

From the marginal posteriors on node deformations we can estimate the most
likely deformation, as well as the uncertainty of this estimate. The most likely
deformation is a simple object and is easily visualized, e.g. in the form of de-
formed versions of the pre-operative image data. Conversely, the full posterior on
deformations is a high-dimensional object and is difficult to visualize. In this sec-
tion we present; 1) ways of summarizing the uncertainty using robust statistics
and, 2) how these low-dimensional uncertainty summaries can be visualized.

3.1 Inter-Quartile Ranges

The difference between the third and first quartile of a distribution, often called
the inter-quartile range (IQR), is a robust statistic that conveys the dispersion of
a distribution. It is robust in the sense that it provides meaningful information
even for non-Gaussian distributions. We propose to use IQRs of the marginal
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distributions as a measure of uncertainty and visualize them, either as ellipsoids,
or as a scalar map:

IQR Ellipsoids. At each node in the FE-mesh we compute the IQRs of the x, y
and z samples and fit an ellipsoid to these ranges. An IQR ellipsoid provides
a 3D view of the extent of the marginal distribution on deformations at this
node.

Maximum IQR Scalar Map. Sometimes it is easier to interpret a scalar mea-
sure of the statistical dispersion. A maximum IQR scalar map can be gen-
erated by visualizing the maximum of the three IQRs (there is one IQR for
each dimension) at a point. This measure, however, is not able to convey
any bias towards dispersion in a single dimension.

3.2 Summarizing and Visualization of Marginal Distributions

In neurosurgery, a non-rigid mapping between the pre- and intra-operative image
spaces is established mainly to update the intra-operative space with functional
information from the pre-operative space. The functional information is com-
monly in the form of either a surface model outlining eloquent functional areas
extracted from functional Magnetic Resonance Imaging (fMRI), or streamlines
describing fiber tracts extracted from Diffusion Tensor Imaging (DTI). For each
deformation sample, we deform both the surface models and line data into the
intra-operative space. If we draw N samples to characterize the posterior, then
we have N deformed versions of the pre-operative models in the intra-operative
space. Depending on whether we have surface models (fMRI) or line data (DTI),
we apply different techniques for reducing the high-dimensional data to a low-
dimensional space that is more suitable for visualization:

fMRI: Marginal Volume. We construct a marginal integer image volume, or
a histogram volume [9], such that for each deformed surface model (fMRI
activated volume) we increment the value at each voxel that is inside the
surface model and divide by N . This is the probability for a voxel to be in
the fMRI activation volume.

DTI: Marginal Visitation Volume. For the deformed fiber tracts we use a
technique called visitation count [6]. A visitation count volume is constructed
by tracing the deformed tractography streamlines through the volume and
incrementing values in each voxel a streamline crosses. This is the marginal
distribution that a fiber crosses a voxel.

Marginal Confidence Bounds. Given a marginal volume, we can extract iso-
contours and thereby render marginal confidence bounds. For instance, the
25% confidence bound is the contour where voxels outside the bound were
inside the deformed model in less than 25% of the samples.

The marginal volume and the marginal visitation volume can be visualized either
using volume rendering to provide a 3D view of the uncertainty, or with a col-
ormap that conveys the marginal density overlaid on a 2D slice of the anatomical
data.
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4 Results

From registration of a clinical neurosurgical dataset, we present results in the
form of visualizations of the registration uncertainty. The dataset consists of
pre-operative anatomical MRI, fMRI and DTI, and a post-operative anatomical
MRI used as a proxy for an intra-operative image of a patient with a large glioma
lesion in the left frontal region near speech areas.

4.1 Dataset

The anatomical images consisted of a pre-operative 512x512x144 T1 MR image
with spacing (0.5mm, 0.5mm, 1.0mm) and a post-operative 256x256x130 T1 MR
image with spacing (0.94mm, 0.94mm, 1.4mm) acquired two days post surgery.
We extracted tractography streamlines from DTI images and an iso-surface from
an fMRI activation volume of the language center located closest to the tumor. A
FE mesh covering the brain was constructed with 933 nodes and 4262 tetrahedral
elements. The dataset can be seen in Fig. 1. Notice that the post-operative image
is contrast-enhanced which makes it difficult to identify the size of the resection
due to the bright appearance of blood and edema around the resected area.

Fig. 1. [a b c; d e]: Dataset. (a)-(b) Pre- and post-operative image. (c) A 3D compos-
ite view of the pre-operative volume augmented with the tumor (blue), speech area
(red) and the diffusion fiber tracts. (d) Absolute difference image between the two
corresponding slices in (a)-(b) before registration. (e) Absolute difference image af-
ter registration. Notice the large intensity disagreement around the tumor because of
edema and blood. Also notice that, due to contrast enhancement, blood vessels are
bright in the post-operative image but dark in the pre-operative image which might
lead to an increase in registration uncertainty.
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Fig. 2. [a, b, c]: Inter-quartile visualizations overlaid on the post-operative image. (a)-
(b) Axial and coronal maximum IQR maps. Pink areas have maximum IQR of 7.5 mm
which decreases down to 1.7 mm for red. Notice the large maximum IQRs around the
tumor. We suspect the reason is twofold: 1) the large intensity difference around the
tumor due to blood and edema and 2) after resection there is no longer a one-to-one
correspondence between the pre- and post-operative image. (c) Composite visualization
of intersecting axial, coronal and sagittal planes overlaid with the maximum IQR map
and a few IQR ellipsoids. Notice the elongation of the ellipsoid at the tumor.

4.2 Deformation Parameter Estimation

To speed up computations, three parallel MCMC samplers, each generating ap-
proximately 11 samples per second, were used. We assumed the chains had
mixed, and samples could be pooled together, when the potential scale reduction
[8] dropped below 1.2 for each scalar estimand. The elastic parameters were set
to λ = 25, μ = 1, and the temperatures and the size of the jumping kernels
(Ts = 1.5, Tr = 800 and σt = 0.03) were set to achieve an acceptance rate of
approximately 25%. We let each sampler generate 300 000 samples, discarded
the first 100 000 samples, used a thinning factor of 10 and pooled together the
remaining samples for a total of N = 60 000 samples that were used for the
estimations. The difference image between the pre- and intra-operative image
after registration using the most likely deformation can be seen in Fig. 1(e).

4.3 Uncertainty Visualization

In Fig. 2 we visualize IQRs computed from the marginal posteriors in the form
of scalar maps and ellipsoids. Notice that the uncertainty is large around the
tumor site. The uncertainty, as well as the most likely location of the deformed
functional information, is visualized in Fig. 3 using marginal volumes, marginal
visitation count volumes and marginal confidence bounds. In Fig. 3(a) we see
that the most likely boundary of the activated functional area is far from the
area of resection, however, the probability map in Fig. 3(b) shows that there is
some probability that parts the functional area might have been touched during
surgery. This suggests the importance of uncertainty visualization in surgical
decision making.
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Fig. 3. [a, b, c; d, e]: Marginal volumes. (a) Sagittal slice with the most likely estimate
of the fMRI activated area outlined with a white contour. (b)-(c) Close up of (a). In
(b) we render the marginal fMRI activation volume using a colormap. The probabil-
ity density decreases across the iso-contours from purple to red. (c) Rendering of the
marginal quartile bounds. The most likely estimate in (a) is close to the 50% marginal
quartile bound. (d) A coronal slice overlaid with marginal confidence bounds of the
fMRI activation area as well as the density colormap of the marginal visitation count
volume. (e) A composite view of three orthogonal planes, with volume rendering of
the marginal visitation count volume and the density of the marginal activation vol-
ume as a colormap. In the conventional approach to registration, in which only the
optimal deformation is presented, the display would only show (a), which would give
the impression that the resection did not touch on the fMRI activated area (the high
intensity area is due to blood and edema caused by the resection). However, if we take
the uncertainty information in (b) into account, we may conclude that there is mod-
erate probability that the surgeon touched the fMRI activated area. This additional
information might have significant impact on surgical decision making.
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5 Discussion

While the specific registration uncertainty presented in the examples is clearly a
preliminary result, we believe, firstly, that in the future, with increased compu-
tational power, better modeling, and more highly developed algorithms, it will
be practical to obtain dense information about the uncertainty of the estimated
registration, and secondly that it will be important to share that information
with the surgeon in a meaningful way. Our goal in this paper has been to explore
the latter issue, and to promote the importance of these issues to the research
community. We introduced several visualization methods to convey registration
uncertainty, and the experiments show that it can be important to convey this
information, especially for functional areas located close to tumors. Some com-
ments from neurosurgeons that were shown the uncertainty visualizations were:
1) this is really important information that should be integrated in their sur-
gical guidance systems and 2) the slice renderings of the marginal volumes are
very informative (e.g. Fig. 3(b)) because they convey information similar to the
original fMRI activation volumes which clinicians know how to interpret. Future
work should include the functional uncertainty in the registration model.

Acknowledgments. We are grateful to M.D. Alex Golby for her comments. This
work was supported by NIH grants R01CA138419, P41RR13218, U54EB005149
and U41RR019703.

References

1. Hub, M., Kessler, M., Karger, C.: A stochastic approach to estimate the uncertainty-
involved in b-spline image registration. IEEE Trans. on Med. Im. 28(11), 1708–1716
(2009)

2. Kybic, J.: Bootstrap resampling for image registration uncertainty estimation with-
out ground truth. IEEE Trans. on Im. Proc. 19(1), 64–73 (2010)

3. Kybic, J.: Fast no ground truth image registration accuracy evaluation: Comparison
of bootstrap and hessian approaches. In: ISBI, pp. 792–795 (2008)

4. Simpson, A.L., Ma, B., Chen, E.C.S., Ellis, R.E., Stewart, A.J.: Using registra-
tion uncertainty visualization in a user study of a simple surgical task. In: Larsen,
R., Nielsen, M., Sporring, J. (eds.) MICCAI 2006. LNCS, vol. 4191, pp. 397–404.
Springer, Heidelberg (2006)

5. McCormick, T., Dink, D., Orcun, S., Pekny, J., Rardin, R., Baxter, L., Thai, V.,
Langer, M.: Target volume uncertainty and a method to visualize its effect on the
target dose prescription. Int. J. of Rad. Onc. 60(5), 1580–1588 (2004)

6. Jones, D.K., Pierpaoli, C.: Confidence mapping in diffusion tensor magnetic reso-
nance imaging tractography using a bootstrap approach. Magn. Res. in Med. 53(5),
1143–1149 (2005)

7. Risholm, P., Samset, E., Wells, W.M.: Bayesian estimation of deformation and elas-
tic parameters in non-rigid registration. In: Workshop on Biomedical Image Regis-
tration (to appear, 2010)

8. Gelman, A., Carlin, J.B., Stern, H.S., Rubin, D.B.: Bayesian Data Analysis, 2nd
edn. Texts in Statistical Science. Chapman & Hall/CRC (July 2003)

9. Fan, A.C., Fisher, J., Wells, W.M., Levitt, J., Willsky, A.: MCMC curve sampling
for image segmentation. In: Ayache, N., Ourselin, S., Maeder, A. (eds.) MICCAI
2007, Part II. LNCS, vol. 4792, pp. 477–485. Springer, Heidelberg (2007)


	Summarizing and Visualizing Uncertainty in Non-rigid Registration
	Introduction
	A Bayesian Framework for Elastic Image Registration
	Bayesian Generative Model
	Markov Chain Monte Carlo (MCMC) Simulation 

	Uncertainty Visualization in Non-rigid Registration
	Inter-Quartile Ranges
	Summarizing and Visualization of Marginal Distributions

	Results
	Dataset
	Deformation Parameter Estimation
	Uncertainty Visualization

	Discussion
	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




