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ABSTRACT 

 
Determining the relationship between the dendritic spine 
morphology and its functional properties is a fundamental 
while challenging problem in neurobiology research.  In 
particular, how to accurately and automatically analyze 
meaningful structural information from a large microscopy 
image dataset is far away from being resolved. In this paper, 
we propose a novel method for the automated neuron 
reconstruction and spine detection from fluorescence 
microscopy images. After image processing, backbone of 
the neuron is obtained and the neuron is represented as a 3D 
surface. Based on the analysis of geometric features on the 
surface, spines are detected by a novel hybrid of two 
segmentation methods. Besides the automated detection of 
spines, our algorithm is able to extract accurate 3D 
structures of spines. Comparison results between our 
approach and the state of the art shows that our algorithm is 
more accurate and robust, especially for detecting and 
separating touching spines. 

Index Terms — Spine detection, geometric 
measurement estimation, watershed, microscopy images 
 

1. INTRODUCTION 
 
In neurobiology research, 3D neuron reconstruction and 
dendritic spine identification on a large data set of 
microscopy images is essential for understanding the 
relationships between morphology and function of dendritic 
spines [1]. Dendrites are the tree-like structures of neuronal 
cells, and spines are small protrusions on the surface of 
dendrites. Spines have various visual shapes (e.g., 
mushroom, thin, and stubby) and can appear or disappear 
over time. Existing neurobiology literature shows that the 
morphological changes of spines and the dendritic spine 
structures are highly correlated with their underlying 
cognitive functions [1]. Therefore, how to efficiently and 
accurately detect and extract spines are crucial. Recently 
developed dendritic spine detection methods can be roughly 

divided into two categories: 2D MIP (maximum intensity 
projection) image-based algorithms [2] and 3D data-based 
algorithms [3, 4]. The major drawbacks of the 2D MIP 
methods are: (1) 3D microscopy images are projected to a 
2D plane, a significant amount of information such as 
spines that are orthogonal to the imaging plane will be lost. 
(2)  Dendritic structures which overlap along the projection 
direction are difficult to extract. Considering these 
limitations, Rodriguez et al. [3] proposed an automated 
three-dimensional spine detection approach using voxel 
clustering. In their method, the distances from the voxels to 
the closest point of the surface were used as the clustering 
criteria. Janoos et al. [4] extracted the dendritic skeleton 
structure of neurons using the medial geodesic function that 
directly works on the reconstructed iso-surfaces. In this 
paper, we propose a novel automated technique for dendritic 
spine detection from fluorescence microscopy images, 
which only need the user click several points in the image.  
 

 
Figure 1. The pipeline of our proposed 3D method. 

 
        The pipeline of our approach is illustrated in Fig. 1. In 
the image processing stage, de-noising filters are employed, 
followed by the fast Rayburst sampling based backbone 
extraction [5]. Then, an iso-surface of neurons is obtained 
by applying the marching cube algorithm [6] and a surface 
fairing algorithm [7]. After that, dendrites and spines are 
represented as a 2-manifold surface on which our spine 
detection algorithm is performed. Advantages of this 
representation are: (1) Physical smoothness of the neuron 
shapes is guaranteed, and geometric measurements such as 
surface normals and curvatures can be easily estimated. (2) 
Instead of analyzing every voxel on the boundary or inside 



the neurons, surface representation expedites the spine 
detection procedure. During the spine detection stage, 
geometric measurements on the surface are estimated, and 
then a score map is computed as the weighted sum of these 
geometric measurements. Finally, spines are detected and 
segmented by a hybrid of surface-based watershed [8] and 
region growing methods. 
 

2. OUR APPROACH 
 
2.1. Neural image acquisition and preprocessing 
 
3D images of neuron dendrites in rat were obtained by using 
two photon laser scanning microscopy. The image stack has 
512 512 101 voxels with a resolution of 
0.064× 0.064× 0.12 µm/pixel. In the preprocessing stage, a 
3D median filter with a 3 ×  3  3 kernel size was first 
applied to the images to remove noise. Then, to correct 
uneven illumination degradation, a top-hat filter was 
adopted. Fig.3(b) shows the preprocessed image data. In our 
approach, images containing multiple neurons can also be 
processed. 
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2.2. Neuron backbone extraction 
 

 
Figure 2. Illustration of Rayburst sampling. (a) Rayburst 
sampling in XY plane. Blue lines show the rays casting out 
in all directions from the predicted center point. The red line 
is the ray with the shortest length (diameter) while the green 
line has the longest length (local orientation). (b) Extracted 
backbone of the neuron and the estimated radius are 
illustrated in the maximum intensity projection image.  
 
After the data preprocessing, dendrite backbone, as well as 
the approximated radius along the backbone, is generated by 
casting rays inside of the dendrite. Rayburst sampling, an 
algorithm for automated 3D shape analysis was first 
proposed by Rodriguez et al. [5]. The sampling core can be 
2D or 3D with a variable number of rays that are uniformly 
spaced within a unit sphere.  They also showed [5] that 
comparing with 3D Rayburst sampling, 2D Rayburst in the 
XY and XZ (or YZ) planes is less computational-expensive, 
while it reliably yields comparable results. Inspired by this 
idea, our Rayburst sampling algorithm works as follows: at 
the beginning, a seed point (an initial center point) inside of 
the dendrite is selected by the user. Then, 2D Rayburst 

sampling in both the XY and XZ (or YZ) planes are adopted. 
A threshold ϕ  is used to control the maximally allowed 
intensity difference between the center point of a neuron 
and its dendritic boundary. ϕ  serves as a threshold to stop 
the rays going outside of the neuron surface.  The length of 
the shortest ray in XY plane is the estimated diameter, and 
the location of the center point is updated as the midpoint of 
the shortest ray. Rays sampled in the XZ (or YZ) plane, are 
used to adjust the Z coordinate of the center point. The next 
two center points toward both ends of the dendrite are 
predicted following the local orientation of the current 
center point. The orientation of the longest ray in XY plane 
is the approximated local orientation of the dendrite. The 
procedure is repeated until the predicted center point 
reaches the border of the stack or it goes into the 
background. If the dendrite contains a branch structure, a 
seed point for each branch is needed from the user selection. 
In this work, the number of rays is 36 and ϕ  is 
experimentally set to 80. Fig. 2 illustrates this process and 
one of the results.  
 
2.3. 3D neuron reconstruction 
 
Fuzzy C-mean clustering [10] is adopted to cluster the 
image into 3 clusters: background, weak spines, and 
dendrite with strong spines. Weak spines and the dendrite 
represent the neuron. Subsequently, we employ the 
marching cubes algorithm [6] to reconstruct the 3D surface 
of the neuron. Then, a low-pass filter [7] and mesh 
decimation are used to remove noises and reduce the 
tessellation density. The number of iterations in the low-
pass filter and the decimation factor control the smoothness 
of the resultant surface. Fig. 3(c) shows the reconstructed 
3D surface of the neuron.  
 

 
Figure 3. (a) Maximum intensity projection image of the 
original image. (b) Maximum intensity projection image 
after preprocessing. (c) The reconstructed 3D model of 
neuron with backbone.    
         
2.4. Geometric measurements and spine detection 
 
In this paper, we propose a novel spine detection algorithm 
based on the geometric measurements on the reconstructed 
3D neuron surface.  
 



2.4.1. Computation of neuron geometric measurements 
Computing the geometric measurements on a smooth 
neuron surface is more accurate and robust than those on 
volumetric image data. Based on the geometric and spatial 
relationship between dendrites and spines, the following 
three geometric measurements are chosen for spine 
detection in this work:  
        Distance to the backbone of the dendrite: Distances 
between a vertex v on the neuron surface and every point in 
the backbone are calculated, and the shortest one is chosen 
as the distance from v  to the backbone. Choosing this 
measurement is based on the observation that vertices on the 
surface of spines usually have longer distances than those 
on the dendrite.  
       Mean curvature on the surface: The 3D neuron 
surface is 2-manifold, and calculating the surface curvature 
directly by the mathematical definition is computationally 
expensive. Therefore, a number of algorithms [8, 9] have 
been proposed to estimate the surface curvature on 3D 
meshes. Our calculation is based on the covariance matrix 
of the surface normals. When we calculate the curvature at a 
vertex , we construct the covariance matrix as follows: v
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Here are the normals of all v ’s neighbors on the mesh, in
n is the mean normal, and k is the number of v ’s 
neighbors. Let 0 1 2λ λ λ≤ ≤ be the eigen-values of C  with 

corresponding eigenvector ,  and . In [9], it has 
been demonstrated that for a local small region around 
vertex , the two smallest eigen-values 
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v 0λ  and 1λ  of the 
covariance matrix C  are proportional to the squares of the 
principle curvature  and  at v , and the corresponding 

eigenvectors   and  are the principle directions. 
Therefore, the mean curvature can be estimated 
as
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        Normal variance: Normal variance is defined as the 
angle between the normal vector  at vertex  on the 

surface with the vector  that passes v and perpendicular 
to the backbone. The angel between the two vectors is 
calculated as: 
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2.4.2. Spine detection                                                                                                                                                              
The above three geometric measurements are 
complementary for each other. Our experiment showed that 
using the combination of these three measurements for spine 
detection is robust and non-sensitive to noises. Therefore, a 
score map is generated as the weighted sum of the three 
measurements for the spine detection. In this work, these 

three measurements were normalized to 0-1 and equally 
weighted.  
        Based on the generated score-map, two surface-based 
segmentation methods, region growing and watershed, are 
employed. In the region growing step, vertices whose values 
in the score map are greater than ξ  (a threshold) will be 
randomly selected as seed points and will be put in a stack. 
Subsequently, when we pop a vertex out from the stack, we 
will examine the values of its neighbors. If the values are 
larger than ξ , and they were not visited before, the 
neighbors will be pushed into the stack. This process repeats 
until the stack is empty. In this work, ξ  is experimentally 
set to 0.2.  Fig. ４(a) displays the result. As we can see from 
Fig. ４ (a), by adopting region growing, spines can be 
perfectly separated from the dendrite; however spines that 
are close together cannot be separated from each other. 
Therefore, how to separate touching spines becomes our 
next task. 

 
Figure 4. Detection and reconstruction results. (a) and (b) 
display the results of Region Growing and Watershed.  (c) 
shows the final detection and reconstruction result.  
 
        Mangan et al. [8] introduced this technique to partition 
a 3D mesh into useful segments. In their work, curvatures 
on the mesh surface are used as indications of region 
boundaries. After the watershed algorithm is applied, each 
resultant segmented patch has a relatively consistent 
curvature, and it is bounded by higher curvatures. In this 
work, besides curvatures, values in the score map that 
combines three geometric features are incorporated for the 
spine detection.  
        Our extended surface-based watershed segmentation 
algorithm proceeds as follows: 
        (1). Find the local maxima vertices in the score map 
and assign each a unique label. 



        (2). Traverse through unlabeled vertices. In each step, 
we traverse form a vertex to its neighbor that has the highest 
score among all the neighbors, this process repeats until a 
labeled region is encountered. All the vertices in the path 
will be assigned the same label as that of the encountered 
region. 
        (3). Merge regions whose watershed depths are below 
0.3. A watershed depth is defined as the difference between 
the largest score in the region and the smallest score on the 
boundary.  
        (4). Vertices that have the longest distance to the 
backbone in each region are identified, and the geodesic 
distance between every two of these vertices are computed. 
        (5). If the computed geodesic distances are smaller 
than γ , the corresponding regions are merged.  In this work, 
γ  is experimentally set to 0.64. 
        The segmentation result of the watershed algorithm is 
shown in Fig. 4(b) that shows spines especially touching 
spines were well detected and segmented. The intersection 
regions of the watershed result and the region growing 
method yields the final reconstructed 3D shapes of spines, 
which are displayed in Fig.4(c). 
 

3.  RESULTS 
 
We implemented our algorithm in Matlab. The average 
computing time on a dataset is about 2 minutes on a 
computer with an Inter® Pentium® Dual CPU E2200 and 
2G Memory. To evaluate and validate our method, we 
compared our detection results with a state of art spine 
detection software (NeuronStudio, 
www.mssm.edu/cnic/tools-ns.html) on 3 chosen datasets. 
NeuronStudio is based on the 3D spine detection algorithm 
proposed by Rodriguez et al. [3].  The comparison results 
are presented in Table 1. 
 

 
True 

Positive 
Rate 

Miss Spine 
Rate 

Num of 
Touching 

Spines 
Our 3D method 90.84% 6.25% 7 
NeuronStudio 73.64% 12.5% 9 

Table 1. Comparative results of our method and those of 
NeuroStudio. 

 
As we can see from Table 1 that most of the spines can be 
detected by our algorithm with a high true positive rate, and 
furthermore, our algorithm can accurately detect and 
separate touching spines.  
 

4. CONCLUSIONS 
 
In this paper, we present a novel automated method for 3D 
dendritic spine detection from fluorescence microscopy 
image. By representing neurons as smooth 3D surfaces, 

robust geometric features that are crucial to the task of spine 
detection are computed. Then dendritic spine structures can 
be efficiently and accurately detected using a hybrid of two 
surface-based segmentation algorithms. With the aid of the 
detected and reconstructed spine structures, their 
morphological features such as spine length, volume, radius 
can be computed to1 help biologists delineate the 
mechanism and pathways of neurological conditions. 
Comparison results between our approach and the state of 
the art method shows that our algorithm is more accurate 
and robust, especially for detecting and separating touching 
spines. In the future, we plan to further improve and extend 
our algorithm to track spines on time-lapse data sets in order 
to obtain the morphology changes of spines over time.   
 

4. ACKNOWLEDGEMENTS 
 

This research is supported by a Bioinformatics Program 
grant from The Methodist Hospital Research Institute and 
NIH R01 LM009161.  

 
5. REFERENCES 

 
[1] R. Yuste, T. Bonhoeffer, “Morphological changes in dendritic 
spines associated with long-term synaptic plasticity”, Annual 
Reviews in Neuroscience, 2001 24, 1071-1089. 
[2] J. Chen, X. Zhou, E. Miller, R.M. Witt, J. Zhu, B.L. Sabatini, 
and S.T.C. Wong, “A Novel Computational Approach for 
Automatic Dendrite Spines detection in Two-photon Laser Scan 
Microscopy”, J Neurosc. Methods, 2007 Sep 15;165(1):122-34. 
[3] A. Rodriguez, D.B. Ehlenberger, D.L. Dickstein, P.R. Hof, and 
S.L. Wearne, “Automated Three-Dimensional Detection and Shape 
Classification of Dendritic Spines from Fluorescence Microscopy 
Images,” PLoS One, 2008 Apr 23; 3(4):e1997. 
[4] F. Janoos, K. Mosaliganti, X. Xu,, R. Machiraju, K. Huang, S. 
T.C. Wong, "Robust 3D Reconstruction and Identification of 
Dendritic Spines from Optical Microscopy Imaging", Medical 
Image Analysis, 2009 Feb; 13(1): 167-179. 
[5] A. Rodriguez, D. B.  Ehlenberger, P. R. Hof and S. L. Wearne, 
“Rayburst sampling, an algorithm for automated three-dimensional 
shape analysis from laser scanning microscopy images”, Nature 
Protocols, 2006 1(4):2152-61. 
[6] G. M. Nielson, B. Hamann, “The asymptotic decider: resolving 
the ambiguity in marching cubes”. Proc. of IEEE Conference on 
Visualization, 83-91, 1991. 
[7] G. Taubin, “a signal processing approach to fair surface 
design”, SIGGRAPH '95: Proc. 22nd annual conference on 
Computer graphics and interactive techniques, 351-358, 1995. 
[8] A. P. Mangan, and R. T. Whitaker, “Partition 3D surface 
meshes using watershed segmentation”, IEEE Trans Visualization 
and Computer Graphics, 1999 5(4): 308-321.  
[9] J. Jiang, Z. Zhang, and  Y. Ming, “Data segmentation for 
geometric feature extraction from lidar point clouds”, Proc. of 
IGARSS’05. IEEE International, 3277-3280, 2005.  
[10] T. Pham, D. Crane, T. Tran, and T. Nguyen, “Extraction of 
fluorescent cell puncta by adaptive fuzzy segmentation”, 
Bioinformatics, 2004 20: 2189-2196. 


	A NOVEL SURFACE-BASED GEOMETRIC APPROACH FOR 3D DENDRITIC SPINE DETECTION FROM MULTI-PHOTON EXCITATION MICROSCOPY IMAGES
	ABSTRACT



<<
  /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


