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Abstract— This paper proposes 2D active contour approach
for segmenting thrombus volume from 3D CT images of
abdominal aortic aneurysm (AAA). The major challenges in
segmenting thrombus are in part because of lack of delineating
contrast at anatomical boundaries due to overlap of other
soft tissues and artifacts arising from stents and calcium
deposits. In the present approach first the bone structures are
removed from the image so that these nearby high intensity
regions do not interfere in the segmentation process. Next
morphological operation is done on the bone-removed image
to reduce the effect of streak artifacts. The order of these two
operations can be inter-changed. Then, a manual contour is
initialized on an axial slice of the pre-processed image and
deformed and subsequently propagated to the consecutive slices
for deformation. The snake process is governed by force field
defined by intensity-based object-ness measure within a band
defined by local image properties. The proposed algorithm has
been tested on 7 CT images and compared with the ground
truth obtained from manual segmentation by radiologist and
accuracy between the range 93.16% to 85.08% is observed.

I. INTRODUCTION

Aneurysm is a disease of the aorta that leads to dilation
of the lumen structure caused by a progressive weakening of
the aortic wall. Aneurysms occur most often in the aorta, the
main artery of the chest and abdomen. If not diagnosed and
treated, the abdominal aortic aneurysms (AAA) may lead to
formation of thrombus which ruptures and blocks of vessels
- a leading cause of death. Recent advances in catheter-
based technologies have led to exciting new treatments for
AAA. This technology requires preoperative planning and a
bunch of measurements for proper stent placement. Also,
measurements are made for monitoring progress in post-
operative follow-up.

Presently, radiologists practice manual delineation of the
lumen and the thrombus. This process is time consuming
and prone to human subjectivity. An automated method
is required that accurately and reproducibly delineates the
thrombus with minimal human intervention. The major chal-
lenges in segmenting the thrombus structure (the vessel-
outer wall) is (a) lack of delineating contrast at anatomical
boundaries due to spatially close soft tissues having similar
intensities; (b) artifacts due to stents and calcium deposits
and (c) undefined geometric structure of the thrombus -
which might be symmetric or highly skewed and asymmetric
around the lumen.

A number of researches have addressed the issue of
thrombus segmentation both in 2D as well as in 3D. Ray
propagation techniques [1], [2] propagate radially outward
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rays from a seed point that are terminated at the vessel-
background interface. This technique is quite effective for lu-
men segmentation in contrast cases, where there is prominent
gradient information. However, weak gradients at the outer
vessel wall make it inadequate for thrombus segmentation.

Shape and appearance based approaches [3], [4], [5] have
been used for delineating the lumen and vessel outer wall.
The eigen space derived of the features like intensity and
gradient profile of the slices in the training set are used as
the a priori information into the framework. These methods
are quite robust to noise and leakage problems. However,
deformability of the shape is restricted by the statistical
distribution in the training shapes.

Shiffman et al. [6] proposed neural network based multi-
level thresholding followed by manual editing for thrombus
segmentation. Subasic, et al. [7], [8] designed a multilevel
level-set based segmentation. In this approach a sphere is
initialized inside the aorta and a 2D level-set followed by
3D level-set is done to segment CTA images.

An active contour based lumen segmentation is published
in [9]. In this approach a number of landmarks are chosen on
the vasculature having the diseased vessel and an orthogonal
plane is defined. Active contour, which uses gradient infor-
mation is used for the lumen detection. Finally centerline is
detected iteratively from this information.

In this paper we propose a narrow-band active contour
based approach for segmentation of thrombus from the
abdominal aorta. This approach tries to tie in anatomical
information, using a narrow-band around a user specified in-
put, to control the deformable framework. The methodology
and the flow are discussed in section II. Section III details
theory of the proposed narrow-band active contour model.
The experimental results and corresponding discussions are
done in Section IV and Section V concludes the paper.

II. METHODOLOGY

Figure 1 illustrates the various challenging scenarios in
the thrombus segmentation. The two major propositions in
this paper are (a) the reduction of streak artifacts using a sim-
ple morphological closing operation; (b) using objectness and
narrow-band approach in deformable contour to effectively
segment thrombus. Segmentation is performed on each 2D
slice and the result is propagated to next slice and deformed
for the entire 3D volume.

Nearby high intensity structures like the bones tend to
attract the contour during the process of deformation and
it might eventually leak into these structures. To avoid this,
initially bone removal is performed on a 3D volume CT data
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Fig. 1. Different challenges in thrombus segmentation (a) Bridging
with soft tissue structure; (b) Streak artifacts; Un-deterministic
geometry: (¢) symmetric and (d) asymmetric thrombus

using AutoBone”™™ [10] to get rid of structures like spine

and pelvic bones. Lumen having strong intensity feature and
well defined gradients also competes with the other rather
weak features like the vessel outer wall boundary and often
make the contour to snap into it. The lumen is isolated
from the artery and an intensity equal to the thrombus mean
intensity is used to cover the lumen area.

However, metal and streak artifacts still poses a serious
problem is segmenting. Gray-level morphological closing
operation of structuring element having a predefined radius
is used for this purpose. Fig. 2 illustrates the entire segmen-
tation process and Fig. 3 shows the artifact reduction using
morphological operation.

A contour is manually initialized on a preprocessed slice
near the thrombus boundary. The deformation of the contour,
guided by (a) objectness property defined from a priori
intensity information, (b) is confined within a narrow band
region. Bridging structures often minimizes the delineating
contrast at the boundaries. As uncontrolled motion of snake
might lead to undesirable result, a narrow band is defined
using the local image properties. Final 2D contour in the i*"
slice is propagated to the next (i & 1)*” slice and deformed
using the similar feature space derived on this slice.

III. NARROW-BAND ACTIVE CONTOUR

This section develops the active contour theory with the
objectness and narrow-band approach.
A. Active Contour: Theory

Active Contour or snake proposed by Kass et al. [11] is an
energy-minimizing contour that deforms under the action of
physics based geometric properties and external constraints
defined by image properties, expressed as:

Esnake (7_) = Eint (7_) + Eezt (7—) (1)

where F,qke(T) is the total energy of the parametric contour
7, with 7 € [0,1] . In the discrete domain the contour is
defined by an ordered set of points, called control points,
upon which all the equations (energy and force) are defined.
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Fig. 2. Thrombus segmentation scheme

(a) (b)

Fig. 3. Streak artifact reduction Image with (a) streak artifact; (b)
after morphological operation

Eint(7) and E,.+(7) are the internal and external energies
[11]. The energy at any point ¢ on the contour 7 can be
expressed as:

Esnake (V) = a | ar

2
+ﬁ|%|2 —|VI@)|* = £ Pimage (D)

(2)
where the first and second terms of the equation 2 are
attributes the geometric properties of the spline with « and 3
being their controlling factors. The third term is the gradient
energy (|V[ (V) |2) at the location ¥ on the image. The fourth
term can be constructed from any form of image feature

based field at 7.

An image feature needs to be defined such that it has
strong directional force in homogeneous regions and weak
one near boundaries. Here an intensity based objectness
measure, attributing this property, is proposed to control
the snake deformation. This methodology is in philosophy
similar to the approaches in [12], [13], [14]. Let po (up)
and oo (0p) be the mean and standard deviation of the object
(background) intensity obtained through prior classification.
The intensity distribution is assumed to be one-sided normal
distribution, i.e., the value is 1.0 beyond the mean intensity
and on the other side it follows a Gaussian distribution
[14]. The probabilities, po(f) and pp(f), of any intensity
f belonging to object or background respectively can be
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defined as:

—(f— 2 (f_ 2
1 (f—ro) 1 (fzagB)
B

vz o )= 5

To define a force field having the following properties:
(a) Expanding inside the object; (b) Contracting inside the
background; (c) Magnitude should be between [0,1] and
proportional to the confidence level of any pixel’s belonging
to any region; (d) Weakens when both probabilities are
similar, the objectness function is defined as follows:

po(f) =

Pobje(:tness =Po —PB 4

Thus, for pixel having intensity f such that po(f) > pp(f).
then P,pjectness > 0 and thus would provide an expanding
force directly proportional to | Popjectness |. In the background
region the value of Pypjectness < 0 and the contour point in
this region will experience a contracting force field. Near
object-background interface the two probabilities becomes
similar and Pppjectness — 0 and thus weakens itself. In
this region the other forces (essentially due to geometric
properties) will take the control for deformation.

B. Narrow-band

Radiologists’ perceptual sense uses anatomical and physi-
ological knowledge of the growth pattern and shape between
slices to delineate the thrombus. For all practical situations, it
can be safely assumed that the structural and shape variation
of the thrombus is small between two successive slices. To
capture the essence of this fact, a narrow-band is defined
around the contour and the deformation of each control point
is confined within this bound. This band definition can be
highly customized depending on the anatomical knowledge.
For example, if higher anatomical variation is favored in
some direction as opposed to other, then the bandwidth
in that direction can be greater. However, in the present
application the band has been defined to be of uniform
width, since no such directional preference is known in the
thrombus case.

The intensity profile along normal to the control points
is searched in the pre-defined band. The following situations
might be encountered: (a) an object-background interface; (b)
calcium deposit giving rise to prominent boundary (a step-
up followed by step-down profile) and (c) fuzzy boundary
due to bridging. The main intention is to find out true
boundary throughout the entire thrombus periphery. A step-
down gradient with magnitude above a certain threshold is
searched within the band along the normal to the contour
points. Prominent gradients are present in situations (a) or
(b). The problem arises in regions with condition (c). To
restrict leakage through these regions, edges need to be de-
fined based on some criteria. Human perception interpolates
missing boundaries using the neighboring information having
prominent features. In this approach, a similar philosophy is
utilized. For these fuzzy regions, a pseudo edge is simulated
by interpolation from nearby true gradient information.

-- Prominent Gradient

-- Present Contour Loc

Fig. 4. Illustration of narrow-band - (i) Original search region:
between mask boundary and blue line outside; (ii) Prominent
Gradient: Red lines; (iii) Initial contour position (no prominent
feature observed along the radial lines): green lines

Definition of the narrow band has the following set of
assumptions: (a) Contour is initialized near the target bound-
ary; (b) Deformation between two successive slices is small;
(c) Anatomical structures other than the one of interest do
not have prominent boundaries in the band. While, the first
condition is user dependent, the second one is applicable in
most cases. But, the third assumption might not be valid in
all cases. However, the error introduced is smaller compared
to unconstrained contour motion, since in the later case the
entire adjacent structure will be selected.

IV. RESULTS AND DISCUSSION

The proposed algorithm has been tested on 7 AAA patient
CT data sets (in-plane resolution ~ 0.5mm to 0.7mm and
slice thickness of 0.7mm to 1.25mm) obtained from various
sites globally. The cases cover a range of clinically variant
situations like (a) contrast cases with and without stents,
and (b) non-contrast cases with stent. From the segmenta-
tion point of view, the data set includes: (i) morphological
variants like (a) symmetric and (b) asymmetric thrombus; (ii)
bridging and (iii) artifacts.

The results of these experiments are validated against
ground truth from manual segmentation done by two expert
radiologists of Teleradiology Solutions Inc. at Bangalore,

using a similarity metric called Disc Similarity Coefficient

A

(DSC) defined as DSC = 2Aﬂi§, where A and B are

the segmented masks from two methods. The disc similarity
coefficient ranged between 93.16% for the best segmentation
to 85.08% in the worst case with streak artifacts. The
same set of measures were done to find agreement between
two radiologists. The results ranged between 94.07% and
90.04%. Figure 5 shows segmented masks overlaid on the
original image for some cases.
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Fig. 5. Segmentation for situations like bridging, streak artifacts,
symmetric and asymmetric thrombus. Top row: Original Image
Slices; Bottom row: Segmentation result overlaid on the slices

e
AT

A. Discussion

As previously mentioned, presence of strong feature space
in and around the thrombus due to stents and bone challenges
the segmentation process. With removal of bone from the
image reduced the effect of one of the misleading strong
feature. At the same time, it provides with a step-down
gradient at the thrombus-bone interface. The stents around
the lumen often creates streak artifacts producing false edges
into the images. The morphological operation in these re-
gions reduces the effect of these strong features at the stent
location. As is seen in Fig. 3, the strong edges reduces
considerably. Though a blurring occurs in these regions due
to the dilation process, however, the fuzzification helps to get
rid of the strong features that would otherwise control the
contour motion. The fuzzification of the boundary is dealt
separately by introducing the narrow-band approach.

Objectness metric differentiated between object and non-
object regions based on pixel property. This function pro-
vided a directional property to the snake, thus allowing it to
expand or contract based on its location. Unlike the gradient-
based uni-directional snake this property prevents leaking
into background structures. Also, contour does not latch onto
false strong gradients in the non-object region.

The narrow-band approach used nearby strong statistics
to fill in for regions with weak features. This prevented
uncontrolled snake motion into soft tissues adjacent to the
thrombus region without any delineating contrast.

The segmentation results obtained using this active contour
model on AAA images show good agreement with manual
segmentation by radiologists. The results comparable to the
inter-observer variability of manual delineation. Also, a large
amount of morphological variation is well captured by the
segmentation process. This can be inferred from these results
that the proposed properties enables the active contour to
delineate the thrombus from other structures.

V. CONCLUSION

This paper proposed thrombus segmentation from CT
images of AAA using active contour. A intensity distribution-
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based object-ness metric is designed to enrich the snake
framework. The introduction of narrow-band captured the
structural (anatomical) knowledge and enabled better detec-
tion in fuzzy boundary regions, restricting otherwise leakage
at those regions. The algorithm has been tested on images
with different levels of variance (a) morphological, (b)
bridging with other structures, (c) artifacts and (d) clinically
varying scenario. The results show high agreement with
manual segmentation, used as ground truth.

REFERENCES

[1] H. Tek, D. Comaniciu, and J. P. Williams, “Vessel Detection by
Mean Shift Based Ray Propagation,” in Proc. IEEE WMMBIA, vol. -,
pp. 228-235, 2001.

[2] O. Wink, W. J. Niessen, and M. A. Viergever, “Fast Delineation and
Visualization of Vessels in 3-D Angiographic Images,” IEEE Trans.
on MI, vol. 19, pp. 337-346, 2000.

[3] M. de Bruijne, B. van Ginneken, M. Viergever, and W. Niessen,
“Adapting Active Shape Models for 3D Segmentation of Tubular
Structures in Medical Images,” in Proc. of IPMI, vol. LNCS - 2732,
pp. 136-147, Springer, 2003.

[4] S. D. Olabarriaga, J. M. Rouet, M. Fradkin, M. Breeuwer, and W. J.
Niessen, “Segmentation of Thrombus in Abdominal Aortic Aneurysms
from CTA with Non-Parametric Statistical Grey Level Appearance
Modelling,” IEEE Trans. on MI, vol. 24, pp. 477-485, 2005.

[S] M. de Bruijne, B. van Ginneken, L. W. Bartels, M. J. van der Laan,
J. D. Blankensteijn, W. J. Niessen, and M. A. Viergever, “Automated
Segmentation of Abdominal Aortic Aneurysms in Multi-spectral MR
Images,” in Proc. of MICCAI; T. Peters and R. Ellis, eds., vol. Lecture
Notes in Computer Science 2879, pp. 538-545, Springer, 2003.

[6] S. Shiffman, G. D. Rubin, and S. Napel, “Semiautomated Editing of
Computed Tomography Sections for Visualization of Vasculature,” in
Proc. SPIE Conf. On Medical Imaging, vol. 2707, pp. 140-151, 1996.

[71 M. Subasic, S. Loncaric, and E. Sorantin, “3D Image Analysis of
Abdominal Aortic Aneurysm,” in Proc. SPIE Medical Imaging.

[8] S. Loncaric, M. Subasic, and E. Sorantin, “3D Deformable Model for
Aortic Aneurysm Segmentation from CT Images,” in Proc. of IEEE
EMBS, vol. 22, pp. 398401, 2000.

[9] K. Subramanyan, S. C. Chandra, and S. K. Pohlman, “Method and
Apparatus for Semi-automated Aneurysm Measurement and Stent
Planning Using Volume Image Data,” US Patent: US 2004/6782284
B1, pp. —, 2004.

[10] R. Mullick, R.S. Avila, J.F. Platt, Y. Mallya, R.F. Senzig and J.
Knoplioch, “Automatic Bone Removal for Abdomen CTA: A Clinical
Review,” in RSNA, vol. 225, pp. 646 — 646, 2002.

[11] M. Kass, A. Witkin, and D. Terzopoulos, “Snakes: Active Contour
Models,” International Journal of Computer Vision, vol. 1, pp. 321-
331, 1988.

[12] J. Ivins and J. Porill, “Statistical Snakes: Active Region Models,”
in Proc. of 5th British Machine Vision Conference, vol. BMVC’94,
pp. 377-386, 1994.

[13] B. Das, P. K. Saha, and F. Wehrli, “Object Class Uncertainty Induced
Snake with Application to Medical Image Segmentation,” in Proc.
SPIE Conf. On Medical Imaging, vol. 2707, pp. 369-380, 2004.

[14] P. A. Yushkevich, J. Piven, H. Cody, S. Ho, J. C. Gee, and G. Gerig,
“User-Guided Level Set Segmentation of Anatomical Structures with
ITK-SNAP,” Insight Journal; Sp. Issue, ISC/NA-MIC/MICCAI Work-
shop on Open-Source Software, 2005.



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


