Fatih YAMAN, Asim Egemen YILMAZ

Ankara University
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Antenna Array Pattern Synthesis Problem

Abstract. In this paper, the impacts of elitism rate on the Genetic Algorithm (GA) performance for the Uniform Circular Antenna Array Pattern
Synthesis Problem are investigated. For this purpose, a circular antenna array with uniformly spaced isotropic elements having identical excitation
amplitudes is used as a model. Unlike the classical GA, we use a GA structure having an elitist population update approach for improved GA
performance. In the elitist approach, a certain ratio of the population (i.e. the fittest individuals) is directly transferred to the next generation.

Streszczenie. W artykule zaprezentowano wykorzystanie algorytmu genetycznego do analizy jednorodnej kotowej matrycy anten. W tym celu jako
model uzyto anteny z regularnie rozmieszczonymi elementami majgcymi te samg amplitude pobudzania. Uzyto zmodyfikowanego algorytmu
genetycznego z populacjg elistyczng. (Synteza kolowej anteny matrycowej z wykorzystaniem algorytmu genetycznego)
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Introduction

Genetic algorithm (GA), differing from conventional
search techniques, is a probabilistic search method based
on the principles of Darwin’s natural selection and evolution
theory. So far, GA has efficiently been used for the solution
of combinatorial optimization problems [1-4]. In this context,
it has been quite successful in many engineering
applications. Additionally, it has also been applied to certain
problems in the electromagnetic theory. Antenna array
synthesis problem constitutes a major portion of such
applications.

Antenna array synthesis problem, which is one of the
popular research topics in electromagnetics, requires
nothing but to obtain the desired pattern (generally which
cannot be achieved with a single antenna) with minimum
error. In such a problem, electrical specifications and
geometrical placements of the array elements are
important.

Generally, the main expectations of the designer from
the antenna arrays are: radiation pattern consisting of a
narrow main beam in the desired direction, and low-level
side lobes. Many different antenna array configurations
might be constructed; but due to their simplicity the most
widely applied configurations are linear, planar and circular
arrays [5-6].

In the literature, there are studies on antenna array
design, synthesis and pattern forming using optimization
methods such as genetic algorithm and particle swarm
optimization [7-10]. In [7] and [8], the side lobe reduction on
circular antenna arrays was performed by means of the
genetic algorithm and particle swarm optimization. In [9],
radiation pattern synthesis was performed through a hybrid
real coded GA algorithm consisting of simplified quadratic
interpolation.

In our previous research [10], the impacts of the
mutation rate and the crossover position on the GA
performance were investigated via the uniform circular
antenna array pattern synthesis problem. This time, we aim
to analyse the elitist GA performance, where the ideal
elitism rate will be investigated.

There are studies on the elitist GA in the literature [11-
20].In [11], a new technique called “adaptive elitist-
population search method” was introduced. It is based on
the concept of adaptively adjusting the population size
according to the individuals’ dissimilarities and a novel
direction dependent elitist genetic operator.
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Ref. [12] demonstrates the possibilities of adapting
elitism-based GA models in order to optimize the high
volume fly ash concrete mixes.

Ref. [13] presents a new permutation-based elitist
genetic algorithm using serial schedule generation scheme
for solution of a large-sized multiple-resource constrained
project scheduling problem.

In [14], a method combining the new Ranked based
Roulette Wheel selection algorithm with Pareto-based
population ranking Algorithm is proposed. Two elitism-
based compact genetic algorithms, “persistent elitist
compact genetic algorithm” and “nonpersistent elitist
compact genetic algorithm” were described in [15].

Ref. [16] introduces a new technique called “adaptive
elitist population search method”, which allows extension of
unimodal function optimization methods to locate all optima
of multimodal problems in an efficient manner.

In [17], a replacement strategy for steady-state genetic
algorithms considering two features of the candidate
chromosome to be included into the population: a measure
of the contribution of diversity to the population and the
fitness function.

In [18], the relationship between the elitist genetic
algorithm performance and algorithm termination criteria
was examined.

Ref. [19] proposes a hybrid algorithm consisting of
hypermutation and elitist strategies for computed aided
analog circuit design synthesis problems.

Ref [20] presents a new cross-layer resource allocation
model for multiuser packet-based Orthogonal Frequency
Division Multiplexing (OFDM) systems proposing an elitist
selection adaptive genetic algorithm.

Unlike the other studies in the literature, we investigated
methods for performance improvement in this study in order
to obtain a desired pattern of circular antenna array with
elitist GA. For this purpose, different elitism approaches are
tried to solve Uniform Circular Antenna Array Pattern
Synthesis Problem.

The effects of elitism have so far been studied many
times. In our opinion, the originality of this study comes from
the following reason: Even though in some previous
publications (such as [11-12]) it has been mentioned that
elitist GA provide better performance, to our knowledge,
there exists no publication explicitly investigating how to
change or manipulate the elitism rate ideally. In addition, to
the best of our knowledge, there is no study about elitist GA
performance on antenna array synthesis problem.

273



In this paper, in Section 2, basic definitions of GAs are
revisited briefly. In Section 3, formulations regarding the
circular antenna arrays and the relevant synthesis problem
are presented. In Section 4, material and method are
presented together with the obtained results and relevant
discussions. Section 5 concludes the paper with some
remarks.

Genetic Algorithm (GA)

Genetic Algorithm (GA) was first introduced in 1975 by
Holland [1]. Dense usage of this algorithm has been
realized especially after Goldberg’s studies [2]. Genetic
Algorithm provides the necessary solution vyielding the
global minimum or maximum values of multidimensional
and complicated functions [2-3]. They are used in widely for
the solution of the problems, which are considered very
difficult for conventional optimization methods.

GA simulates the survival of the fittest among individuals
over consecutive generations throughout the solution of a
problem. Each generation consists of a population of
character (usually binary) strings that are analogous to the
chromosomes. Each individual represents a point in the
search space and a solution candidate. The individuals in
the population are then exposed to the process of evolution.

Genes from good individuals propagate throughout the
population. Thus, each successive generation will literally
become more suited to their environment. In the
optimization terminology, this corresponds to the situation
that newer generations have better fitness values [1-4].
Fig.1 presents the general structure of the
conventional/classical Genetic Algorithm.

Generate the initial population randomly

<&
«
4

Calculate the penalty , fitness and probability
values of individuals in the current population

'

Repeat
Select good individuals from population until the
through roulette wheel iteration

number

4

Obtain a new generation using crossover
and mutation operators

A

Determine the best individual as solution and
terminate the algorithm

Fig.1. General structure of the classical genetic algorithm.

Circular Antenna Arrays

Antenna arrays are antenna systems, which are created
by combining different or similar antennas in different forms.
Antenna arrays are used in order to provide the desired
specifications such as low-level side lobe, narrow main lobe
and high directivity [5-6].

Furthermore, thanks to adding together power of the
elements in array, high-power radiation pattern is achieved
and without requiring mechanical movement, main beam
can be steered to a desired direction [5-6]. This yields a
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very wide application spectrum for the antenna arrays.
Arrays may be located different geometric shapes. If
elements of array are located on a circle, this type of array
is called the Circular Antenna Array as seen in Fig.2.

Ya

17 dmN'l

Fig.2. Geometry of a uniform circular antenna array with N isotropic
elements.

Radiation pattern of the circular antenna array
consisting of N isotropic elements can be expressed by
means of the array factor. The array factor of circular
antenna array formulated as follows [8]:

N
(1) AF (,1,dm) = Z[”ejka[cosw—ﬁfn )-cos(dy=¢,)]

n=l1

Here, AF is the array factor, N is the number of elements
in the array, I, is the excitation amplitude of the nth element,
a is the radius of the circle, k&=2x/). is the wavenumber, ¢ is
angle of direction of the main beam, ¢, is the angular
position of the nth element with respect to ¢. ka and ¢, are
given by:

(2) 27[(1 il

ka=7=;dmi

27ri dm,
_ i=1

-~
z dm,
i=1
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Material and Method

In our study, a circular antenna array with uniformly
spaced isotropic 8 elements having identical excitation
amplitudes is used as a model.

For this purpose, radiation pattern of a circular antenna
array, for which:

- the angle of direction for the main beam is equal to zero
degree;

- the angular positions of the elements (¢,) are 22.5,
67.5, 112.5, 157.5, 202.5, 247.5, 292.5 and 337.5°; and

- the radius of the circle is 20 cm,

is determined as reference. The Half Power Beam Width of
the reference pattern is chosen to be 56°, and the operating
frequency is chosen to be 750 MHz.

To obtain the desired pattern through genetic algorithm,
an initial population consisting of 60 individuals is created.
Then, angular positions of 8 elements are converted to
binary codes. Afterwards, the created population is
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subjected to the genetic algorithm operators: selection,
crossover and mutation.

Throughout the study; all comparisons in all experiments
were performed by considering independent executions of
each GA scheme in order to eliminate the “chance factor”
and to be able to perform a fair comparison. Table 1 lists
the parameter setup used throughout the experiments in
this study.

Table 1. Parameter values used in the genetic algorithm and the
example problem.

Parameter Valyes used
in GA
Number of individuals in the population 60
Number of elements in the array 8
Number of iterations (generations) 1000
Crossover rate 0.2
Mutation rate 0.01
Number of independent executions 100

In the implementation, the radiation diagram is divided
into 360 equal parts in (-z, z) radians. Thus, a sensitivity of
one-degree is achieved. GA is implemented in MATLAB
7.3.0, but no third party tool or another standard product or
library (such as MATLAB Genetic Algorithm Toolbox) is
used. The main reason for this is to preserve the flexibility
to modify the GA architecture in our ongoing/future studies
in order to investigate further performance improvement
possibilities.

In classical or conventional GA, GA operators such as
selection, crossover and mutation are applied to all
individuals in the population. In this study, we tried to
improve genetic algorithm performance using the elitist
population structure. In elitist population method, the best
individuals of current population in a certain ratio are
directly transferred to the next generation. Hence,
throughout this process, the transfer of good individuals to
the next generation is guaranteed.

In order to determine the ideal elitism rate, the
performances of different elitism rate changing schemes are
examined. For this purpose, primarily, “fixed elitism rate” is
tested. Next, “increasing” and “decreasing elitism rates” are
tested. Results show that increasing elitism rate methods
cannot improve the GA performance. For this reason, only
one increasing elitism rate is presented. In the following
equations, r, represents the elitism rate, n; represents the
number of iteration, and f,,. represents the average fitness
value of population. We use five different elitism rate
schemes. These are:

15t Scheme: Constant elitism rate

In this scheme, the elitism rate is kept fixed for all
iterations.
(4) r

e

=02

2" Scheme: Increasing elitism rate throughout the
iterations

In this scheme, the elitism rate increases depending on
the number of iteration as in the following equation:

(5) = 0.1+ (n, x2x107)

In Figure 3, variation of the elitism rate along the
iterations is presented.
3" Scheme: Decreasing elitism rate throughout the
iterations

In this scheme, the elitism rate decreases depending on
the iteration number as in the following equation.
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(6) r, =025 - (0.01 x n0*)

In Figure 4, variation of the elitism rate along the
iterations is presented.
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Fig.3. Increasing elitism rate throughout the iterations.

Average Elitism Rate (%)

Iteration Number

Fig.4. Decreasing elitism rate throughout the iterations.

4™ Scheme: Partial fixed elitism rate

In this scheme, the elitism rate is fixed (20%) in the first
half of iteration number and elitism rate equal to zero in the
second half of iteration number.

In Figure 5, variation of the elitism rate along the
iterations is presented.

5" Scheme:  Decreasing elitism rate depending on
the average fithess value of population (adaptive
elitism)

In this scheme, the elitism rate decreases depending on
the average fithess value of population as in the following
equation:

() 7o =025 (5% fi,)

In Figure 6, variation of the elitism rate along the
iterations is presented.
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Fig.5. Partial fixed elitism rate.

For reference throughout the performance comparisons,
the average fitness values of population obtained by
classical GA without elitism is presented in Figure 7.
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Average fitness values belonging to all proposed
and tested elitism schemes are presented in Figure 8.
These results show that partial fixed elitism rate (4th
scheme) outperforms to the other schemes. The desired
radiation pattern together with the obtained radiation
pattern by means of 4th scheme can be seen in Fig. 9.
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Fig.6. Decreasing elitism rate (depending on the average fitness
value of population).
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Fig.7. Average fitness values of population obtained by
classical GA.
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Fig.8. Average fitness values of population (different elitisim
rate schemes).

The most important contribution of elitist GA s
reduction in the number of fithess value evaluations
throughout the solution. This contribution provides time-
saving in the solution of problems. In our study, thanks to
the Partial Fixed Elitism Rate (4th scheme), 10% reduction
is achieved concerning the number of fitness value
evaluations. In addition to this success, 23% performance
improvement (solution accuracy) is achieved compared to
the classical GA. The average fitness values of the
population (obtained by Partial Fixed Elitism Rate Method
and Classical GA) versus the number of fithess value
evaluations are seen in Figure 10. It can be seen that about
23% more average fitness values are achieved after 10%
less fitness function evaluations.

Conclusions
This paper discussed how to manipulate the elitism rate
in an elitist genetic algorithm for performance improve
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genetic algorithm via the uniform circular antenna array
pattern synthesis problem. For this purpose, a circular
antenna array with uniformly spaced isotropic elements
having identical excitation amplitudes is used as a model.
Thanks to elitist population approach, the best individuals of
current population in a certain ratio are directly transferred
to the next generation.

Regarding the elitism rate, the following observations
can be made: The selection, crossover and mutation
operators may cause corruption of the genes of individuals.
This effect may reduce the fitness values of individuals. By
using the elitist GA, this negative effect can be eliminated.
However, to obtain the best GA performance, the elitism
rate should be manipulated in an intelligent manner. Our
study shows that for this antenna array synthesis problem,
Partial Fixed Elitism Rate (in which the elitism rate is fixed
(20%) in the first phase of the algorithm; and equal to zero
in the second phase of the algorithm) provides the best
performance compared to others. This phenomenon can be
explained as follows: in the early generations, the overall
population is of relatively low quality; and hence, elitism is a
performance-improving factor, which increases the rate of
good individuals in next population. But when the population
gets qualified, elitism starts to cause saturation, even
distraction in the population. Therefore, after a certain
iteration number, elitism rate should be reduced.

Power (dB)

————— Desked Pattem |
—— GAPattem
| |

1 1
100 150 200

Fig.9. The comparison of desired and obtained radiation
patterns.

Thanks to Partial Fixed Elitism Rate, 10% fitness value
evaluation reduction and 23% solution accuracy
performance improvement is obtained compared to the
classical GA. This advantage of the Partial Fixed Elitism
Rate approach would be much more appreciated for the
problems in which the computational cost of fitness function
evaluations are quite high.

Average Fitness Value
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Number of Fitness Value Evaluation

Fig.10. Average fitness values of population (obtained by Partial
Fixed Elitism Rate and classical GA) versus the number of
fitness function/value evaluations.
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These results are valid for this particular problem only.
Generalization and direct application of these results to all
problems would be incorrect. As a future work, similar
analyses in electromagnetics will be performed using other
evolutionary algorithms such as the Differential Evolution
Algorithm.

REFERENCES
[11 Holland, J., Adaptation in Natural and Artificial Systems,
University of Michigan Press, 1975
[2] Goldberg, D.E., Genetic Algorithms in Search Optimization
and Machine Learning, Addison-Wesley Longman, 1989.
[3] Michalewicz, Z., Genetic Algorithms + Data Structures =
Evolution Programs, Springer-Verlag, 1992
[4] Whitley, L.D., Foundations of Genetic Algorithms-2,
Morgan Kaufmann Publishers Inc., 1993
[5] Balanis, C.A., Antenna Theory Analysis and Design, John
Wiley & Inderscience Publications, 2005
[6] Visser, H.J., Array and Phased Array Antenna Basics, John
Wiley & Sons Publications, 2005
[71 Panduro, M.A., Mendez, A.L., Dominguez, R.,
Romero, G, Design of Non-uniform Circular Antenna Arrays for
Side Lobe Reduction Using the Method of Genetic Algorithms, AEU
- International Journal of Electronics and Communications, 60
(2006), 713-717
[8] Shihab, M., Najjar, Y., Dib, N., Khodier, M.,
Design of Non Uniform Circular Antenna Arrays Using Particle
Swarm Optimization, Journal of Electrical Engineering, 59 (2008),
no. 4, 216-220
[91 Xu, Z., Li, H., Liu, Q.-Z., Pattern Synthesis of
Conformal Antenna Array by the Hybrid Genetic Algorithm,
Progress in Electromagnetics Research (PIER), 79 (2008), 75-90
[10] Yaman, F. and Yilmaz, A.E., Impacts of Genetic
Algorithm Parameters on the Solution Performance for the Uniform
Circular Antenna Array Pattern Synthesis Problem, Journal of
Applied Research and Technology, Vol.8 (2010), No.3, 378-394
[11] Liang, Y. and Leung, K.-S., Genetic Algorithm with
Adaptive Elitist-Population Strategies for Multimodal Function
Optimization, Applied Soft Computing, 11 (2011), 2017-2034
[12] Jayaram, M.A., Nataraja, M.C. and Ravikumar,
C.N., Elitist Genetic Algorithm Models:Optimization of High

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 1b/2012

Performance Concrete Mixes,
Processes, 24 (2009), 225-229
[13] Kim, J.-L., Permutation-Based Elitist Genetic Algorithm
Using Serial Scheme for Large-Sized Resource-Constrained
Project Scheduling, Proceedings of the 2007 Winter Simulation
Conference, 2007, 2112-2118

[14] Al Jadaan, O., Rajamani, L., Rao, C.R., Non-
Dominated Ranked Genetic Algorithm for Solving Multi-Objective
Optimization Problems: NRGA, Journal of Theoretical and Applied
Information Technology, 2008, 60-67

[15] Ahn, C.W. and Ramakrishna, R.S., Elitism-Based
Compact Genetic Algorithms, IEEE Transactions on Evolutionary
Computation, Vol. 7, No. 4, (2003), 367-385

[16] Leung, K.-S. and Liang, Y., Adaptive Elitist-Population
Based Genetic Algorithm for Multimodal Function Optimization,
Springer-Verlag Berlin Heidelberg, GECCO (2003), 1160-1171

[17] Lozano, M., Herrera, F., Cano, J.R., Replacement
Strategies to Preserve Useful Diversity in Steady-State Genetic
Algorithms, Information Sciences, 178 (2008), 4421-4433

[18] Kim, J.-L., Examining the Relationship Between Algorithm
Stopping Criteria and Performance Using Elitist Genetic Algorithm,
Proceedings of the 2010 Winter Simulation Conference, (2010),
3220-3227

[19] Liu, M. and He, J., Automated Analog Circuit Design
Synthesis Using a Hybrid Genetic Algorithm with Hyper-Mutation

Materials and Manufacturing

and Elitist Strategies, International Journal of Information
Technology and Computer Science, 1 (2009), 23-32
[20] Tang, Z., Zhu, Y., Wei, G., Zhu, J., An Elitist

Selection Adaptive Genetic Algorithm for Resource Allocation in
Multiuser Packet-based OFDM Systems, Journal  of
Communications, Vol. 3, No. 3 (2008), 27-32

Authors: PhD student Fatih Yaman, Electronics Engineering
Department, Ankara University, 06100 Tandogan, Ankara, Turkey,
E-mail: fyaman@eng.ankara.edu.tr; assist. prof. dr. Asim Egemen
Yilmaz, Electronics Engineering Department, Ankara University,

06100 Tandogan, Ankara, Turkey, E-mail:
aeyilmaz@eng.ankara.edu.tr.
277




<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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


