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Abstract - Visual information plays an important role in almost
all areas our life. Nowadays, much of this information is
represented and processed digitally. Image processing is
ubiquitous, with the applications ranging from Television (TV) to
Computed Tomography, from Photography to Printing, from
Robotics to remote sensing and medical applications. Ultrasound
is one of the techniques for medical application. It is used for
clinical usage. The most important technologies include
transducers, beam forming, contrast agents, pulse compression
techniques for measuring blood flow and three-dimensional
imaging. Ultrasound imaging provides valuable imaging modality
to provide the following functionalities as ease of use, low cost,
safe, non invasive and fast examination. Ultrasound imaging
system provides effective way for examining the various tissues of
human body including thyroid, breast, abdominal organs, heart,
muscles, tendons, arteries and veins. This paper aims to
present on current segmentation algorithms used for medical
images. Each and every type of algorithm is discussed as well as
their main application fields identified. Experiments that apply
the algorithms to segment ultrasound images are presented to
further evaluate their behaviour.

Keywords: Ultrasound image processing; Segmentation; Ultra-
Sonography; Similarity; B-mode images; Thresholding; Radio-
frequency.

I.  INTRODUCTION

Image processing [1] is the use of computer algorithms to
images, perform some operations on in order to extract some
useful information. It allows wide range of algorithms applied
to the input data and can avoid problems such as build-up of
noise and signal distortion during processing.

Broad areas of digital image processing applications
include Medical applications, Digital cinema, Remote
Sensing, Robot vision, Hybrid techniques, Image transmission
and coding etc. Medical applications has wide variety of
modalities which is Ultrasound, Positron Emission
Tomography, Computed Tomography, Digital X-ray, Vein
Viewer, Magnetic Resonance Imaging, Hyper spectral
imaging.

In this paper Segmentation is performed on Ultrasound
[2] images. Analysis of Images usually refers to processing of
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images by computer with the goal of finding what objects are
presented in the image. Image segmentation [2] is one of the
most critical tasks in image analysis. In an ultrasound system
there are three basic types of data available for analysis: Radio
Frequency (RF) signals, B-mode images [5], and envelope-
detected signals.

An ultrasound transducer receives multiple analogue
radio-frequency (RF) signals which are converted into digital
RF signals and beam formed into a single RF signal shown in
Fig 1. The RF signal is filtered and envelope detection is
performed to give an envelope detected signal.

Finally, proprietary post-processing and the envelope-
detected signal undergoes log compression is applied to give a
greyscale representation. The resulting signals are interpolated
and rasterized to give a B-mode images or display images.

II. ULTRA-SOUND IMAGING

Ultrasound imaging [4] is also called Sonography.
Ultrasound imaging system used high frequency sound waves
for producing pictures of the inside body. Because ultrasound
images are captured in real-time that they can show the
structure and movement of the internal body organs, as well as
blood flowing through blood vessels [5].

Ultrasound imaging [6] is a non-invasive medical test that
helps doctors to see the internal body organs. Advancements
in ultrasound technology include Two-Dimensional (2-D)
ultrasound that formats the sound wave data into 2-D images,
Three-dimensional (3-D) ultrasound image that formats the
sound wave data into 3-D images and Four-dimensional (4-D)
ultrasound which is 3-D ultrasound in motion.

Doppler ultrasound is the part of an ultrasound
examination. Ultrasound imaging is also named as a popular
research tool for capturing raw data set, which can be made
available through an ultrasound research interface. It is used
for the purpose of tissue characterization [8] and
implementation of new image processing techniques and
methodologies. These concepts of ultrasound imaging are
totally differing from other medical imaging modalities in the
fact that it is operated by the transmission and receipt of sound
waves. Different modes of ultrasound are used in medical
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imaging. These are: A mode, B mode, C mode, M mode,
Doppler mode, color Doppler, Continuous Doppler, Pulse
Wave (PW) Doppler, Duplex Doppler, pulse inversion mode.

III. PROPERTIES OF ULTRASOUND IMAGING

Ultrasound
properties:

imaging Modalities provides the following

e Most Ultrasound image scanning is invasive and is
usually painless.

e Ultrasound is most widely available, ease of use and
inexpensive when compared with other imaging
modalities.

e Ultrasound system scanning gives a clarity and clear
picture of soft tissues.

e  Ultrasound has no side effects.

e Ultrasound imaging modalities are used to clearly
monitoring the patients.

e It should be performed only when clinically needed.

IV. ADVANTAGES OF ULTRASOUND IMAGE
PROCESSING

Ultrasound image processing [6] is very safe to use and
does not appear to cause any adverse effects. It is inexpensive
and quick to perform the processing on images. Ultrasound
scanners should be taken to critically ill patients to avoiding
the danger caused while moving the patient to the intensive
care. Doppler capabilities on modern scanners that allow the
blood flow in arteries and veins to be assessed.

Figure 1. Ultrasound imaging System

V. ULTRASOUND IMAGING METHODOLOGIES

Ultrasound contains two types of imaging methodologies:

e Intravascular ultrasound image

e  Doppler Ultrasound image

Intravascular ultrasound (IVUS) [7] [8] is based on
catheter medical imaging technique particularly useful for
studying atherosclerotic disease. IVUS [9] produces cross-
sectional images of blood vessels that provide quantitative and
qualitative assessment of the vascular wall and information
about the nature of atherosclerotic disease lesions as well as
plaque format that named as a shape and size. Accurate results

were obtained on simulated data with average point to point
distances between detected vessel wall borders.

Doppler ultrasound is a special ultrasound technique. It is
one of the parts of intravascular ultrasound image. It evaluates
the blood flow through a blood vessel. It includes the body's
major arteries and veins in the arms, abdomen, legs and neck.

Doppler ultrasound divided into three parts:

e  Color Doppler used in computer to convert Doppler
measurements into an array of colors to visualize the
speed and direction of blood flow through a blood
vessel.

e Power Doppler is a newer technique that is more
sensitive than color Doppler and capable of providing
greater detail of blood flow when blood flow is little or
minimal.

e Spectral Doppler used to display blood flow

measurements graphically, in terms of the distance
travelled per unit of time.

VI. ULTRASOUND IMAGE SEGMENTATION
ALGORITHMS

Segmentation is a process by which digital image can be
portioned into multiple segments. Image segmentation is
shown in Figure 4, 5, 6, 7 and 8. It is mainly used to locate the
objects and boundaries (edges, lines, curves etc).

Segmentation algorithms are based on the basic properties
of color, gray values or texture: discontinuity and similarity.

e First: it is used to partition an image based on
changes in intensity, such as edges, lines, curves in
an image.

e Second: it is based on partitioning an image into
regions that are similar according to predefined
criteria. Thresholding for Histogram approach falls
under this category.

Some of practical applications of image segmentation are
namely Medical imaging, Face recognition, Fingerprint
recognition, Traffic control systems, Iris Recognition, Brake
light detection, Machine vision, Locating objects in satellite
images, Agriculture imaging. Several general purposes
techniques and algorithms have been developed for image
segmentation.

These techniques are to be combined with domain
knowledge in order to effectively solve an image segmentation
problem for a problem domain.

A. Thresholding

The simplest and popular method of image
segmentation is also called Thresholding method. This method
is used to convert a grey-scale image into a binary image. In
this technique, predefined values (thresholds) are selected, and
an image is divided into groups of pixels having values within
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the ranges defined by the thresholds and groups of pixels with
values beyond such range.

There are several threshold algorithms.

Global
Local
Dynamic
Adaptive

Global Thresholding is one of the most intuitive
approaches. When only one threshold value is selected for the
entire image, based on the image histogram, the Thresholding
is called global. If the threshold depends on local image
properties, for example, the local average gray value, the
Thresholding is called local. If the thresholds are selected
independently for each pixel or groups of pixels, then the
Thresholding is called dynamic or adaptive [3].

The key of this method is to select the values at multiple-
levels. Local Thresholding operations are as follows:

i. Splitting the input image into sub images and
calculating threshold for each sub image.

il. Examine the image intensities in the neighborhood of
each pixel.

Thresholding operations are best suited for (350 x 184
pixels, file size: 5 KB, MIME type: image / png). Local
Thresholding is computationally more expensive than global
Thresholding. It is very useful for segmenting structures from
a varying background, and for extraction of regions that are
very small and sparse.

B.  Clustering Methods

Clustering is the process of grouping similar image
structures into a single cluster, while structures with dissimilar
features are grouped into different clusters based on some
similarity in criteria. The similarity is quantified in terms of an
appropriate distance measure. Clustering is the process of
grouping similar image Structures into a single clusters.

Clustering Technique can be divided into

a. Supervised Technique
b. Unsupervised Technique

a. Supervised Technique

Supervised clustering Technique need to be used for pre
defined images. Predefined will be called as prototype used
for images. This type of prototype image is overlapped to the
image to be segmented. Supervised Clustering Techniques are:

e KNN (K Nearest Neighborhood).
e ML (Maximum Likelihood).
e Supervised Artificial Neural Network.
e  Support Vector Machines.
e Active Shape Models.
e Active Approach Models.
b. unsupervised technique

This technique is also called Clustering Algorithm. With
these techniques the structure features are extracted from the
classified points. Unsupervised Clustering Techniques include
the following:

e  Fuzzy C Mean (FCM).
ISODATA.
e  Unsupervised Neural Network.

The interactive technique of image segmentation is the k-
means algorithm is one of the examples for segmentation. It is
used to partition an image into k-clusters.

e Pick k clusters canters or randomly.

e Allocate each pixel in the image to the cluster
that minimizes the distances between the pixel
and cluster center.

e Recomputed the central pixel by averaging all of
the pixels in the cluster.

e Repeat the steps 2 and 3 until attained when no
pixels change clusters.

C. Discontinuity

Edge detection is a well — known field on its own within
image processing. Region boundaries, edges, and shapes are
closely related, since the sharp adjustment in intensity at the
region boundaries. These approaches are used as the base of
another segmentation technique.

An edge can briefly be described as a collection of
connected pixels. Edge based techniques are computationally
fast and do not require a priori information about the image
contents. Main problem of these techniques is that often edges
do not enclose the structures completely. To avoid this
problem, a post-processing step of linking or grouping the
detected edges that correspond to the structures boundaries is
needed. However, in general, edge linking is computationally
expensive and not very reliable.

D. Deformal Models

Deformal models are one of the segmentation techniques
that are able to represent the complex shape and broad shape
variability of anatomical structures. Deformable models
overcome many of the limitations of traditional low-level
image techniques, by providing compact and analytical
representations of structures, by incorporating anatomical
knowledge and by providing interactive capabilities.
Deformable models can be parametric or geometric model can
be defined, according to the way used to track the moving
contours.

Parametric deformable models, or active contours, try to
adjust a deformable model to an image by using an energy
minimizing formulation. The snakes are the most well-known
method in this category. This model describe the optimization
of the energy functional Segmentation. Two type of Energy
functions are there.

e Internal Energy
e External Energy Y
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Geometric deformable models are based on the level set
method, which was proposed to handle topological changes
during the curve evolution. The main aim of the level set
method. It is to implicitly embed the moving contour into a
higher-dimensional level set function and view the contour as
its zero level set. Then it should be instead of tracking the
discrete contour points, one can track the zero level set of the
level set function.

The proficiency of adaptation to changes in the topology
can be useful in many applications. This model was proposed
to handle topological changes during the curve Evolution.

E. Compression Based Approaches

An image can be segmented based on compression based
approaches. This approach involves the process named as Pre
processing, contour relaxation and region growing.

F. Histogram-Based Image Segmentation

It is one of the simplest techniques for segmentation. It
used to grouping pixels into regions. Histogram has two
entities for image segmentation: The background and the
object of the segmentation. Another one is grey level, which
occupies the most of the image portions.

G. Region Growing

Region Growing is one of the approach to image
segmentation is to start from some pixels (seeds) representing
distinct image regions and to grow them, until they cover the
entire image.

For region growing this system need a rule describing a
growth mechanism and a rule checking the homogeneity of the
regions after each growth step

e  The growth mechanism — at each stage k and for each
region Ri(k), i = 1,...,N, we check if there are
unclassified pixels in the 8-neighbourhood of each
pixel of the region border.

e Before assigning such a pixel x to a region Ri(k), this
system check if the region homogeneity:

P(Ri(k) U {x}) = TRUE , is valid

e A class Ri having n pixels: The sd standard deviation
and arithmetic mean value m of

M = (1/n)(r,c)€R(1) Y. I(r,c)

s.d =
> [1(r,c)-M]power of 2)

Square root((1/n)(r,c)€R(1)

Can be used to decide if the merging of the two
regions Regionl, Region?2 is allowed, if

M1 —-M2| < (k)s.d(i),i=1, 2, two regions are merged.
H. Level Set Method

Level set method is used to reduce the two type of
problems which one object need to split and another one
object need to merge. That time level set method used to
provide the solution.

The opposite approach to region growing is region
shrinking (splitting) shown in Fig 2. It is a top-down approach
and it starts with the assumption that the entire image is
homogeneous. the image is split into four sub images, If this is
not true. This splitting procedure is repeated recursively until
we split the image into homogeneous regions.

» If the original image is square N by N, having
dimensions that are powers of 2N ="

* All regions are produced by the splitting algorithm
are squares having dimensions M by M , where M is
a power of 2 as well.

»  Since the procedure is recursive, when it produces an
image representation that can be described by a tree
whose nodes have four sons each.

e Such a tree is called a Quad tree.

Quadtree

Figure 2. Splitting into regions

The split and merge algorithm produces more compressed
regions, than the pure splitting algorithm.

1. Partial Differential Equation Approaches

The PDE based methods are the most uses of effective
methods for image segmentation. The main advantage is that
the PDE is well established in the fields such as physics and
mechanics. The snake the gradient vector flow and the level
set method are typical of the methods. Nowadays, a level set
model without re-initialization Sobolev gradient method and
p-Laplace model is proposed.

J.  Parametric Model

Parametric model generate the intensity value for an
image. Intensity level used to segment the image for applying
clustering technique to group the image information and
segment the set of portions.

K. Fast Marching Method

Fast marching algorithm is used to provide the capable of
manipulating the contours and the corresponding boundaries
of expanding regions.

It is effectively made independent of the number of
distinct regions present in the initialization. The new algorithm
targets applications requiring static segmentation as well as
labelling and clustering problems.
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L. Graph Portioning

These methods can be effectively used for image
segmentation. These methods are used for the image is
modelled as a weighted, undirected. A pixel or a group of
pixels are associated with node of images and edge weights
define the (dis)similarity between the neigh borhood pixels of
an image. Each partition of the nodes (pixels) output from
these algorithms are considered an object segment in the
image shown in Fig 3. Some of the algorithms are normalized
cuts, random walker, minimum cut, iS parametric
partitioning and minimum spanning tree-based segmentation.

Figure 3. A labeled graph of 6 vertices and 7 edges
M. Watershed Segmentation

Watershed segmentation has different type of approaches.
e Local minima of the gradient may be chosen as a
markers, this case produced the over segmentation.

e [t involves the region merging used to specify the
marker position which have been defined by users or

automatically or morphological operations.

N. Multi Scale Segmentation
Multi scale segmentation is used to compute the scale
space for connected for each region. Different type of
segmented portions will be merged in one segment and is
called the Multi scale Segmentation.

O. Trainable Segmentation

Most segmentation methods are based only on color
information pixels in the image. Which is normally human
would consider a computation time and require the knowledge
database. This is not available in electronic form. But this
type of segmentation provides the artificial neural network [7],
pulse coupled neural network and decision making
mechanism.

VII. SIMPLE SEGMENTATION RULE

Image ub regions Region(i), i=1,...,N such that
X =1=1,.N UR() 1)

R(i) NR() =0 for I #] )

P(R(i)) =TRUE fori=1,2,...,N 3)

P(R(i) U R(j)) =FALSE fori#j 4

The segmentation property is a logical predicate of the

form P(R,x,t). x is a feature vector associated with sub region

R and t is a set of parameters (usually thresholds). The
Segmentation rule has the form:

P(R) : I(r,c) <T for all (r,c) in R (5)

In the case of color images the feature vector x can be three
RGB image components (R(r,¢),G(r,¢),B(r,c)).

The segmentation rule may have the form:

P(R) : (R(r,c) <T(R)) && (G(r,c)<T(G))&&
(B(r,0) <T(B)) (6)

VIII. SIMPLE SEGMENTATION RULE

Original Image

Fig 4: Original Image

region1

Fig 5: Regionl

regioh2

Fig 6: Region 2
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regiond

Fig 7: Region 3

regiond

Fig 8: Region 4

IX. CONCLUSION

Here the formation of Ultrasound Images and there
advantages in medical field are discussed. In this field of
analysis there are variety increasing applications for
ultrasound images in diagnosis as well as therapeutic purposes
it will need to enhance the feature which we require for further
processing. Image segmentation has become a very important
task in today’s scenario. Nowadays world computer vision has
become an interdisciplinary field and its applications can be
found in any area be it medical, remote sensing, electronics
and so on. Thus, to find an appropriate segmentation algorithm
based on your application and the type of input image is very
important. In this paper the author has explained and
suggested a few application specific segmentation algorithms.

REFERENCES

[1] Rafael C. Gonzalez, Richard Eugene Woods, Steven L.Eddins “Digital
image processing using MATLAB,” Second Edition, Tata Mc Graw Hill
Education, pp.459-550.,2011.

[2] W. X. Kang, Q. Q. Yang, R. R. Liang,“The Comparative Research on
Image Segmentation Algorithms,” IEEE Conference on ETCS,pp. 703-
707, 2009.

[3] Clovis Tauber, Hadj Batatia, Alain Ayache, “Robust B-Spline Snakes
for Ultrasound Image Segmentation,” Springer Science, Business Media,
LLC, 2008, pp. 1-6.

[4] J.A Noble “Ultrasound image segmentation and tissue characterization,”
Part H: J. Engineering in Medicine, June 2009, vol. 223, pp. 1-10.

[5] Pujol, O., Rosales, M., Radeva, P., and Nofrerias- Fernandez, E.,
“Intravascular ultrasound images vessel characterization using Ad

boost,” Functional imaging and modelling of the heart, Nice, France,
pp. 242-251, 2003.

[6] Noble, J. A. and Boukerroui, D. “Ultrasound image segmentation: a
survey,” IEEE Trans. Med. Imaging, 2006, 25(8), pp. 987-1010.

[71 M.-H. R. Cardinal, J. Meunier, G. Soulez, E. Thrasse, and G. Cloutier,
“Intravascular ultrasound image segmentation: A fastmarching method,”

(8]

(9]

[10

=

[11]

220

in Medical Image Computing and Computer Assisted Intervention, ser.
Lect. Note Comput. Sci. Berlin: Springer-Verlag, 2003, pp. 432-439.

Cardinal, M., Soulez, G., Maurice, R., Therasse, E., Cloutier, G.,
“Intravascular Ultrasound Image Segmentation: A Three-Dimensional
Fast-Marching Method Based on Gray Level Distributions,” IEEE
Transactions on Medical Imaging, (2006), 25(5), pp. 590-601.

M. E. Olszewski, A.Wahle, S. C. Mitchell, and M. Sonka,
“Segmentation of intravascular ultrasound images: A machine learning
approach mimicking human vision,” in Int. Congress Series, Jun. 2004,
vol. 1268, pp. 1045-1049.

B. Levienaise-Obadia and A. Gee, “Adaptive segmentation of ultrasound
images,” Image Vis. Computer., Jun. 1999 ,vol. 17, no. 8, pp. 583-588.
Z. Dokur and T. Olmez, “Segmentation of ultrasound images by using a

hybrid neural network,” Pattern Recognit. Lett, Dec. 2002,vol. 23,
no. 14, pp. 1825-1836.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /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 <<
    /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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


