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Abstract

Purpose: The represented research results are aimed to better understanding of computer vision methods
and their capabilities. The statistical approach of object detection and recognition allows processing of
typical objects with simple descriptors. Methods: Considered approach is grounded at probabilistic
methods, kernel density estimation and computer-based simulation as a verification tool. Results:
Considered approach for object detection and recognition has shown several advantages in comparison with
existing methods due to its simple realization and small time of data processing. Presented results of
experimental verification prove that the considered method can be applied for detection and classification of
objects with various shapes. Discussion: The approach can be implemented in a variety of computer vision

systems that observe objects in difficult noisy conditions.

Keywords: Bayesian approach; object detection; probability density function; recognition.

1. Introduction

Pattern recognition is one of the biggest task fields
of machine learning and computer vision. Its main
purpose is detection and recognition of any specific
objects or regular patterns in images or video data.
Computer vision founds more and more applications
in such areas as security systems, quality control in
production, document processing, automatic vehicle
navigation, image processing, medical decision
support systems, remote sensing, etc. [1,2].

Pattern recognition is the technique that makes
machine able to understand the environment and
discriminate different patterns, and to make various
types of decisions based on the environment
observation [3]. There are two main divisions of
classification according to the type of learning used
to generate the output value: the supervised
classification (discrimination) and the unsupervised
classification  (usually, called simply as
classification or clustering). In the supervised
classification, there are the training data samples
with associated labels for corresponding class of
pattern or object. In the unsupervised classification,
the data are not labeled, and the classification

algorithm has to find separate groups in the data and
features that distinguish one group from another.
Sometimes the mixed semi-supervised learning is
utilized for better results. It uses a combination of
labeled and unlabeled data for the classification [1].

2. Analysis of the research and publications

Due to the importance and variety of problems,
which can be solved by pattern recognition, there
have been discovered many methods. Based on [1],
one can do the following classification of main
pattern recognition methods:

— statistical pattern recognition,

— artificial neural networks,

— sparse kernel machines.

Statistical pattern recognition assumes the use of
statistical techniques for analyzing measured data,
information extraction, and decision making. Its
task is to find, learn, and recognize patterns in
complex data, for example in images, speech,
biological pathways, and the Internet. Various
models were proposed and wused in recent
publications, e.g., linear, logistic or basis function
regression, Hidden Markov Model, etc. [2]
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Statistical methods include estimation of the
distributions of pattern feature vectors with and
without objects of interest, and then apply a pattern
classifier or an object detector to search over a range
of other parameters that have influence on observed
distributions. In this way the invariance to some
unavoidable conditions is achieved. Specifically to
statistical methods, the supervised classification
assumes the knowledge of a probability density
function (PDF) for each class of objects. Of course,
in most real situations those PDFs are unknown and
have to be estimated from a set of training samples
with a correct label of each class.

3. Aim of the paper

The goal of the article is to analyze and verify the
proposed earlier Bayesian approach for object
detection and recognition on an example with
graphics primitives.

4. Bayesian approach for object detection and
recognition

We assume that N classes of objects are given. They
correspond to prior probabilities p,,..., py , with

N
p>0,i=1L,N, > p =1
1

If there is a vector signal &e R’ from the object
of ith class, it is described with a probability density
function (pdf) p,(x;0), xe R, Be O R’.

Here 0 is a parameter that sets the observation
conditions, such as certain angles associated with
object; © is a parameter set for 6, i.e., a set where
6 can vary. We suppose that the parameter 6 is
known exactly.

If none of the classes is observed, then the signal
€ has a pdfp,(x;0). It corresponds to the probability
distribution of noise which contains a useful signal
from neither object of neither class [5, 6].

We check the null hypothesis Hj): an object
belonging to one of the abovementioned classes is
observed, vs. an alternative hypothesis H,: a pure
noise is observed. Consider a test statistic

. :ﬁ P(x:0,) .
k=1P0 (%;:60;)
Here
N
p(x8) =2 p,pi(x:6)
denotes a weighted pdf of the signal. We suppose
that o and B are given levels for a Type I error (the

probability to reject H, under true Hy) and a Type 11
error (the probability to accept H, under true H;).

We choose thresholds as
a=1"F p_ P
o I-o

We continue observations until one of the
inequalities holds true:

T,24 or T,<B.

In the first case, H, is accepted (an object is
detected), and in the second case, H, is rejected (an
object is not detected).

In practice, rarely there is any information about
a probability distribution of required parameters.
Therefore, some kind of estimates must be used in
the equation for the test statistic instead of
determined function values. We consider the kernel
density estimates [7]. For this purpose we use the
Epanechnikov kernel that is preferable over the
Gaussian one due to absence of exponent and
possible extremely large or small numbers.

The kernel density estimator is evaluated by
observations as

A

- X,
Ju(¥)=——m— SIIKEE,

nh . hdl 1j=1 h;

x,)eR’ ; hi, J :l,d, is a
bandwidth for jth parameter. In order to choose#;,,
j=14d,
defined:

Jy= [ P2ods—>37,(X.)
wd ni-l

where x=(x,...,

the cross-validation cost function 1is

h=(h,....h,)e (0,+0)
Here £ is the kernel density estimate constructed

by the set of observations X_; obtained from the
total observation set after deleting the observations
X, j= l,_d, which correspond to the time moment
i. Then the asymptotically optimal estimate equals
arg min J (h)

h>0 '

Suppose that an object has been detected. We
continue the observations and receive new data

X ,o.0 X, O 6, mz2n_

m n’**¥m s
Here we use the observation x, which was received
at the moment of recognition algorithm termination,
and new observations as well.

Posterior probabilities can be evaluated as
follows:

q(m) pkpk (xn’en)pk (xn+l’ n+1) pk (xm’em)
k
szp (xn’e )p (xn+19 n+1) p (xm’e )

h=

n?
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with k=1,..., V.
The observations can be terminated
following condition holds true:

max g™

I1<k<N
Here Pc is a probability of correct recognition. If in
this inequality we have “strictly less” sign, then we
continue observations until the termination
condition is fulfilled. After the termination, the
hypothesis H; about belonging the object to jth class
is accepted if

if the

>P..

(m) _ max q/({m)

71<k<N

Since P~>0.5, the accepted hypothesis is uniquely
defined.

5. Discriminative features

Finding the correspondences between images
with the same or similar objects, but taken from
different sources or under different conditions is one
of the most important tasks in image processing and
computer vision. The idea of extracting a set of
features of the desired object or pattern from the
image, and describe each of them by the unique
signature (descriptor), so that it can be automatically
found again in other images by its signature, is the
most popular approach for image recognition.

There are many requirements for a good feature
descriptor. For example, it must be invariant to the
complex changes of context and objects properties.
It also has to be compact, fast to compute, and
capable to encapsulate as much descriptive
information as possible.

Among more complicated descriptors, there are
‘classic’ ones such as SIFT and SURF. They have
been known as two of the most popular and
successful feature descriptors which can be applied
in many applications, from image registration to
object recognition [8]. However, in many situations
they are too excessive and can be replaced by a set
of simple statistical parameters. In this paper, we
consider such parameters as the eigenvalues of the
covariance matrix and its first eigenvalue in
particular, that describe the object’s shape. Also
such statistical values by each axis as a skewness
and an excess kurtosis are defined. They describe
shapes of brightness distribution.

6. Simulation results

The performance of the considered algorithm was
tested on the basic set of filled objects represented
by 5 graphics primitives that are shown in Fig. 1.

For test purposes they were drawn separately and
then imported in MATLAB where they were
transformed accordingly to specified parameters and
polluted by simulated noise. Hereafter they are
processed as two-dimensional arrays.

All objects have the same extents, placed in the
center of the observation window and have a fixed
rotational angle.

Fig. 1. The set of simulated objects shapes

The simulations were carried out via Monte-
Carlo method with the next general parameters and
conditions: number of independent iterations 1,000;
there were simulated grayscale images with size
64x64 pixels with the bit depth 8bit per pixel; five
classes of filled objects (circle, square,
parallelogram, isosceles (not right) triangles, and
right triangles) with size 32x32 pixels have been
randomly placed in the center of each image with
equal probabilities, on three basic descriptors: first
eigenvalue of the correlation matrix, skewness and
the excess kurtosis by the x axis; signal-to-noise
ratio SNR=0dB, training sample size for each class
of objects N=100, maximal number of available
observations for detection and recognition is limited
by the training sample size, probabilities of false
alarm and missing object are o,f =0.01;

classification threshold P.=0.99; object brightness

is set to 127 with the maximum brightness value
255, object to background brightness ratio is 1/4.

A few criterions of effectiveness have been
considered: detection  probability, correct
classification  probability, and number of
observations when the object was detected and
classified. Simulations have shown than in these
conditions the method provided 100% detection
probability in most cases except some situations
with  extremely strong noise. Classification
probability is on the expected level as well.
Therefore, plots for them are not shown here.

Fig. 2 shows plots of average number of
observation at which detection and classification
have been done for various signal to noise ratios.

It shows that the detector works well in a wide
range of SNR, and even in severe noise conditions a
single observation is enough. That can be explained
by the fact that the distance between features classes
with and without objects is big enough for brief
detection of object presence. On the other hand, the
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recognition procedure significantly drops at 5dB.
Also there has been simulated the case for
dependencies by the number of used -criterions.
Corresponding plots are shown in Fig. 3. It is well
visible that sufficient performance is achieved when
4 features are used for the classification.
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Fig. 2. Performance criterions plots at various SNR

e s s e

w
=]

Average number

20

features

Fig. 3. Average number of observations at various
features numbers
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Fig. 4. Average number of observations required for
classification of each class of objects

Additionally it has been estimated the
complication of classification of each class. Fig. 4
represents average number of observations for
recognition of each class of objects (1 — circle, 2 —
square, 3 — isosceles triangle, 4 — parallelogram, 5 —
right triangle)

It shows that such objects like a circle or a square
are classified almost instantly, while triangular
objects require much more observations.

8. Conclusions

The considered Bayesian approach to object
detection and recognition for images processing has
several advantages such as its simple realization,
short time of processing and high level of object
recognition. Presented simulation results prove that
the considered method can be applied for detection
and classification of objects with various shape.
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BusiBieHHs1 Ta po3NMi3HABAHHSA NMPOCTHX 00’€KTIB 3 BHKOPUCTAHHAM iMOBIpHicHOTO migxoxy
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Mera: [IpencrapieHi pe3yiabTaTh JAOCHIHKCHb CIPSIMOBaHI Ha Kpaile pO3yMiHHS METOJIB KOMI FOTEPHOIO
30py Ta ixHIX MOXIuBocTed. CTaTHCTUYHMN MiAXiJ O BUSBJICHHS Ta PO3Mi3HABAaHHS O0'€KTIB J0O3BOJISIE
00pOOJIATH THUITOBI 00’€KTH 3 MPOCTUMHU JIECKpUNTOpaMu. MeToau AOCTimKeHHsI: Po3ristHyTHE mmiaxin
0a3yeTbcsl Ha MeToJax Teopii WMOBIPHOCTI, SACPHIM OLIHLI HIUIBHOCTI WMOBIPHOCTI Ta KOMITIOTEPHOMY
MOJIETTIOBaHHI sK 3aco0i ampoOarii. Pe3syasTaTn: Po3rimsiHyTHI minxim 10 BHUSBICHHS Ta PO3Ii3HABAHHS
00'eKTiB TIPOJIEMOHCTPYBAB Psif IIepeBar y MOPIBHAHHI 3 iCHYIOUYMMH METOJIaMH 3aBASKH ITPOCTOTI peaizaril
Ta IBUAKIA 00poOmi nmaHux. [IpencraBieHi pe3yibTaTH EKCIIEPUMEHTANBHOI IEPEBIpKU JOBOIATH, IO
PO3TISTHYTUH METOJ MOXE BUKOPUCTOBYBATHCH JUIsl BUSBJICHHS Ta PO3Ii3HABaHHS 00 €KTIB Pi3HOI (opMHU.
Oo6roBopennsi: Ilinxim Moxke OyTm peamizoBaHUil y 0OaraTbOX CHCTEMaxX KOMIT IOTEPHOTO 30py, IO
OIJISIIAI0Th 00’ €KTH B CKJIAJHUX [ITYMOBHX YMOBaX.

Kuarouogi cioBa: balieciBCbKUit MiXi]T; BUSBICHHS 00'€KTY; pO3ITi3HABAHHS; IIJIbHICTH IMOBIPHOCTI.
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OOHapy:KeHHe W pacrio3HABaHHE MPOCTHIX 00bEKTOB ¢ MOMOIIbLIO BEPOATHOCTHOTO MOAX0a
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Henw: IlpencraBieHHble pe3ynbTaThl HCCIEJOBAHUK HaNpaBlieHbl Ha Jydlllee IOHWMAaHHE METO0B
KOMITBIOTEPHOTO 3pEHUS U UX BO3MOKHOCTeH. CTaTUCTHYECKUI MOJIXOJ K BBIABICHHIO W PAcIO3HABAHUIO
00BEKTOB TIO3BOJISIET O0pabaThIBaTh THUIIOBBIE OOBEKTHI € MPOCTHIMU AeCKpuUnTopamud. MeToabl
uccaegoBanus: PaccmarpuBaemblii moaxox 0Oasupyercss Ha MeTOJaxX TEOPHU BEPOSITHOCTH, SAEPHOM
OLICHMBAHWHM TUIOTHOCTH BEPOSITHOCTH W KOMIBIOTEPHOM MOJEIUPOBAHUN KaK CpEICTBE arnpoOamuu.
Pesyabrarel: PaccmarpuBaemblii  moaxon K OOHApy>KeHHIO M PACHO3HABAHMIO  OOBEKTOB
IIPOAEMOHCTPUPOBAT Psifl MPEUMYIIECTB [0 CPABHEHUIO C CYIIECTBYIOIMMH METOAaMH OJarogapsi IpocToTe
peanu3zanuu U ObicTpoTe 00paboTku NaHHBIX. [IpencTaBieHHbIE Pe3yIbTaThl IKCIIEPUMEHTANBHON MTPOBEPKH
MOKAa3bIBAIOT, YTO JaHHBIA METOJ MOXKET OBITh HCIIONB30BaH I OOHAPYKEHHS W paclo3HaBaHUsi 00BEKTOB
pasnuuHoil popmel. Obcyxnenue: [logxon MoxeT ObITh peaqn30BaH BO MHOTHUX CUCTEMaxX KOMIIbIOTEPHOTO
3pEHHUS, KOTOPBIE OCMAaTPUBAIOT OOBEKTHI B CIIOXKHBIX IITYMOBBIX YCJIOBHSIX.

KiroueBnle ciioBa: baiiecoBckuii noaxon, O6Hapy>KCHI/Ie 06L€KTa; IIJIOTHOCTL BEPOATHOCTU,
pacrio3HaBaHUE.

Kharchenko Volodymyr (1943). Doctor of Engineering Sciences. Professor.

Vice-Rector on Scientific Work of the National Aviation University, Kyiv, Ukraine.

Editor-in-Chief of the scientific journal Proceedings of the National Aviation University.

Winner of the State Prize of Ukraine in Science and Technology, Honorable Worker of Science and
Technology of Ukraine.

Education: Kyiv Institute of Civil Aviation Engineers, Kyiv, Ukraine.

Research area: management of complex socio-technical systems, air navigation systems and automatic
decision-making systems aimed at avoidance conflict situations, space information technology design, air
navigation services in Ukraine provided by CNS/ATM systems.

Publications: 530.

E-mail: kharch@nau.edu.ua



V. Kharchenko, A. Kukush, 1. Chyrka. Simple Objects Detection and Recognition by the Probabilistic Approach 29

Kukush Alexander (1957). Doctor of Physical and Mathematical Sciences. Professor.

Faculty of Mechanics and Mathematics, Taras Shevchenko National University of Kyiv. Education: Taras
Shevchenko Kyiv State University, Kyiv, Ukraine (1979).

Research area: navigation and control of dynamical systems, mathematical and applied statistics, financial
and actuarial mathematics.

Publications: 64.

E-mail: Alexander Kukush@univ.kiev.ua

Chyrka lurii (1988). Candidate of Engineering Sciences. Senior researcher.

National Aviation University.

Education: National Aviation University, Kyiv, Ukraine (2011).

Research area: control systems, radar signals processing, acoustic holography, and applied statistics.
Publications: 45.

E-mail: yurasyk88@ukr.net




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 1.00000
  /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 1.00000
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /UKR ()
  >>
  /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 [612.000 792.000]
>> setpagedevice


