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Original scientific paper
Reactive power compensation methods are one of the most effective methods to improve the efficiency of energy systems. Therefore, the designs and
implementations of these systems are important. The aim of this study is to design and implement the most appropriate reactive power compensation
systems in electrical power systems. Reactive power compensation can be realized using capacitors or the synchronous motors. In this study, a
microcontroller and computer-controlled compensation applications are done by capacitors and synchronous motors under the same load conditions has
been performed. By means of this designed system, it has been tried to determine what type of reactive power compensation is suitable in the existing
system. In this respect, it is aimed to avoid unnecessary investments for existing systems and to establish a quality compensation system. In addition, the
designed system is easy to update against all kinds of load changes and does not require additional equipment.
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Kompenzacija jalove snage zasnovana na mikro regulatoru i racunalu

Izvorni znanstveni ¢lanak
Metode za kompenzaciju jalove snage su medu najuéinkovitijim metodama za povecéanje ucinkovitosti energetskih sustava. Stoga su projektiranje i
primjene tih sustava vrlo vazni. Cilj ovog istrazivanje je projektirati i primijeniti sustave za kompenzaciju jalove snage koji najvise odgovaraju
elektroenergetskim sustavima. Kompenzacija jalove snage moze se realizirati primjenom elektricnih kompenzatora ili sinkronih motora. U ovom radu,
kompenzacije pomoc¢u mikroregulatora i racunala izvrSene su primjenom elektriénih kompenzatora i sinkronih motora pod istim uvjetima opterecenja.
Pomocu takvog sustava pokusalo se odrediti koja je vrsta kompenzacije jalove snage pogodna u postoje¢em sustavu. U tu su se svrhu pokusala izbjeci
nepotrebna ulaganja u postojeci sustav i stvoriti kvalitetan kompenzacijski sustav. Uz to, projektirani se sustav moze lako prilagoditi svim vrstama

promjena opterecenja te ne zahtijeva dodatnu opremu.

Kljucne rijeci: C #; kompenzacija jalove snage; PIC (regulator perifernog sucelja)

1  Introduction

Due to rapid population growth, industrialization and
technological developments, the need for electricity has
steadily increased and the world has come to the brink of
the energy crisis. With this energy crisis, researchers are
looking for new energy sources. But, finding a new
energy source is difficult and expensive. Therefore, it is
more appropriate to focus on energy-saving work. Due to
the efficient use of energy, the decrease in energy
consumption will lead to a decrease in energy production
investments and energy costs. This is also very important
in terms of reducing environmental problems [1, 2].

To increase the efficiency of energy systems and one
of the most effective ways to save energy is reactive
power compensation [3]. Reactive power compensation
systems can basically be divided into static and dynamic
systems.

In the static phase shifter using a capacitor made of
reactive power compensation system to provide the
required reactive power compensation is accomplished by
gradually switching capacitor or capacitors of various
groups [4, 5].

Dynamic reactive power compensation system in the
phase shifter using a synchronous motor is made by
adjusting the excitation current applied to the motor
windings of the motor by running as inductive or
capacitive [6, 7].

When the literature is examined, it is seen that there
are many microprocessor based designs that use these two
systems together [8§+10].

In this study, both static and dynamic phase shifting
is performed in the compensation applications and
computer-based microcontroller. Capacitor groups are

used as static phase shifter. The switching of the capacitor
groups is done both manually and automatically. The
synchronous motor is used as dynamic phase shifter. The
excitation current of the used synchronous motor is
automatically adjusted both in manual and artificial neural
network control. Software has been developed to better
understand system results and ensure correct operation.
Using the computer interface created with C # software
language, the values of the system were monitored and
control processing was performed in the compensation
application. In addition, the performances of the
applications performed were tested and compared
repeatedly under different load conditions.

2 Reactive power compensation

The magnetizing current, which is necessary for the
operation of electrical devices such as generators,
transformers, coils and motors, which works according to
the electrodynamics principle, is called reactive current
and hence it is called reactive power. In addition to the
active power that is useful for these magnetic field
devices, there is a need for reactive power. The reactive
current is not translated into useful power and power
plants, generators, transformers, lines, coils cause heat
loss and voltage drop by installing unnecessarily.

Even by increasing the generator excitation generator
will be able to produce reactive power. In this way the
plant produced reactive power generator, transformer, and
transmitted over the power transmission line through to
the consumer. But in the meantime they will be occupied
unnecessarily by power plants reactive power, active
power cannot be exploited fully in terms of capacity and
operation uneconomic. So the reactive power production
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plants also are not more appropriate to produce the
consumption point [10].

Benefited from two business tools for reactive power
generation are: Capacitors (static phase shifters) and the
other synchronous motors (dynamic phase shifters).

Reactive power in the compensation with capacitors is
met by the capacitors in terms of their capacities.
Capacitor connected in series with transmission line
reduces the effective reactance of line, thus affecting the
improvement of voltage circumstances on the line. In
many cases, compensation with serial capacitor on
transmission lines proved to be a more economical
solution than building new transmission lines, and so the
temporary or permanent suspension of construction of
new lines is enabled [11]. Reactive power compensation
is met at the border and in synchronous motors can be
replaced with the synchronous motor excitation current.
The cause of this is probably the high modeling
complexity and problem programming because it is
difficult to determine the limits of the excitation current
regulation due to variable loads [12].

3 Design of reactive power compensation system

System in this study can be divided into two main
sections, measurement and control.
Measuring section is composed of the following
parts:
e LV25P voltage sensor voltage reading module for
voltage reference signal (Fig. 1)
e LASS5P current sensor current reading module for the
current reference signal (Fig. 2)

LM358 integrated zero crossing module for power
factor and frequency reference signal (Fig. 3)

The implementation of the reference signal received
from the module, the realization of the measurement
process and the measurement results to a PC using
the USB module microcontroller module

To supply voltage of the module, power module
Computer interface measurement section (Fig. 4)

The control module is composed of the following
parts.

Control module for controlling the compensation
capacitor (Fig. 5)

Excitation current sources of compensation with
synchronous motor drive smart device (Fig. 6)
PWM-controlled power supply module for the current
setting of the Smart drive device

The feed module, for supply voltage of the module
Control process by providing appropriate output
microcontroller module (Fig. 7)

Computer interface control section 1, 2 (Fig. 4).
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Figure 4 The computer interface
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Figure 5 Control module

In this study, microcontroller module is the brain of
the system location. As a microcontroller, manufactured
by the company Microchip PIC 18F4550 microcontroller
is used. This causes the microcontroller to use model
equipped with a USB module. This module is provided
through communication with the computer via the USB
port.

Figure 6 Smart drive device

The designed system measuring and control section is
shown in Fig. 7, the general block diagram in Fig. 8.

Figure 7 System of measurement and control section
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Figure 8 The block diagram of the system
4  Results of application and analysis

In this study, compensation system was implemented
by using a capacitor as a static phase shifter and a
synchronous motor as a dynamic phase shifter in the
designed system. These applications are repeated
according to dynamic and static phase shifters under
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different load conditions. Both manual and automatic
control methods are used for compensation applications
made with capacitor and synchronous motor. Two
different methods are used in the automatic control. These
methods are based on switching the capacitor with
reactive power values at specified intervals, depending on
the measurement. The second is that the excitation current
of the synchronous motor is estimated and applied by the
generated ANN model. Three switches have been used for
compensating with the capacitor. K1 contactor switches 1
kVAR, K2 contactor 2,5 kVAR, K3 contactor switches 5
kVAR capacitor.

In the applications, the system of measurements was
made separately with the oscilloscope and the designed
circuit. As to the monitoring and recording of these
measurements, an interface has been made simultaneously
with the computer program. In measurements with
oscilloscope, oscilloscope's "A" of the channel signal
output voltage zero crossing detector, the "B" channel is
connected to the output of the zero crossing detector
current signal.

In exemplary applications, the interface with the
monitored voltage, current waveforms and voltage of the
system (U), current (/), power factor (py), the active power
(P) and frequency (F) are located in the measurement
result.

424 Q resistive and 700 mh inductive loads loaded
application in the system.
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Figure 9 Compensation before the system results

Pre-compensation, power factor (py) value of 0,32
showed the system’s inductive character. These
measurement results of the system are given in Fig. 7.

The measurement results are analyzed in Fig. 7, there
is a need for compensation system for reactive power
needs.

7
<ha onon] c
oo
easurs
SO | cunson
sneR AY) i
o‘ e WANUALR

CHB |~ HORZON

vourio || muein

vour/o

Figure 10 Measurement results after capacitor compensation (1 kVAR)

After compensation performed with the capacitor, the
system of measurement results is given: manually

controlled compensation in Fig. 9, automatic control
compensation in Fig. 10.

When examining Fig. 10, if the synchronous motor
excitation current is set to 1,4, and it reached 0,97 the
excitation current value of the power factor is sufficient in
this load conditions.

As shown in Fig. 11, for application to the
synchronous motor by ANN excitation current actual
value of the missing 0,1 is estimated. Power factor value
at this moment is still 0,97 and 2,7 to the excitation
current is sufficient for these load conditions.

Under  these  application  conditions, the
compensation of the 1 kVAR capacitor is insufficient. On
the 2,5 kVAR capacitor, as shown in Fig. 10, it became
excessive and the system showed capacitive character. In
this experiment, since the intended cosp value cannot be
reached in compensation, the capacitor capacities in the
system are insufficient. As a result, the capacitor power to
be selected under these load conditions must be between 1
kVAR and 2,5 kVAR.
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Figure 11 Measurement results after capacitor compensation (2,5
kVAR)
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Figure 12 Measurement results after compensation with manual
controlled synchronous motor
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Figure 13 The values measured after compensation with ANN
supervised automatic control synchronous motor

Fig. 12 shows the measurement results of the system
after compensation with the manual controlled
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synchronous motor and Fig. 13 shows the automatic
controlled compensation with YSA supervision.
Capacitors and compensation applications with
synchronous motor are built with both manual and
automatic control methods in the same load conditions
and a total of 4 separate applications have been made. Fig.
14 depicts a set of experiments showing the application.
The example given in the application and other
related experiments show manual control method applied
to determine the value to be used in the creation of the
automatic control system. Automatic control methods, in
particular, are preferred in the control of the
compensation system designed for the consumer.
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In implemented system before the compensation, after
capacitor and compensation applications with synchronous
motor, new power factor values are obtained. Additionally,
measurements of the system of power factor values P, Q,
S, I, I, (excitation current) and the third phase
compensation capacitors used in power results are shown
in Figs. 15 + 24.

The system power factor values for the pre-
compensation and after compensation applications with
capacitors and synchronous motors are shown in Fig. 25.

Before and after the compensation system application,
P value remained constant, Q value decreased. This
reduction in the reactive force is caused by the actuator
means used in compensation applications. As a result of
this, energy is supplied by further withdrawal of reactive
power from the network.

5 Conclusions and recommendations

In this study, a reactive power compensation system
has been designed. In the designed system, firstly the
compensation is performed by using the capacitor under
the specific load condition, then by using the synchronous
motor and the results of both applications are compared.

Looking at the results after compensation, the
compensation for the existing system with a synchronous
motor has been found to be more advantageous. The
system with capacitive compensation can be adjusted
depending on the number of power factor stages. As the
number of stages increases, a more accurate result is
obtained. However, as the number of stages increases, the
reaction rate of the system decreases. Since the motor
excitation current can be adjusted very precisely to the
synchronous motor, the reactive power loss of the existing
system has become low. The nominal excitation current of
the synchronous motor used is maximum 4 Ampere. For
the system in this study, if the capacitor stepping forces
are chosen to be smaller, the compensation made by the
capacitor will become more advantageous and more
convenient than the compensation made with the
synchronous motor. Because of the capacitors losses,
maintenance and facility costs are less than the
synchronous motor.

6 References

[1] Kocabas, E. Reactive power compensation and simulation,
Master Thesis, Electrical and Electronics Engineering,
Marmara University, Istanbul, 2006.

[2] Demirkol, O. Measurement and compensation in unbalanced
power system containing harmonics, Master Thesis,
Electrical and Electronics Engineering, Sakarya University,
Sakarya, 2006.

[3] Zhou, Dao, et al. Reduced cost of reactive power in doubly
fed induction generator wind turbine system with optimized
grid filter. // IEEE Transactions on Power Electronics. 30,
10(2015), pp. 5581-5590. DOI: 10.1109/TPEL.2014.2374652

[4] Miller, T. J. E. Reactive power control in electric systems. A
Viley-Interscience Publication, New York, (1982), pp. 182-
222.

[5] El-Sadek, M. Z.; Fetih, N. H.; Abdelbar, F. N. Starting of
induction motors by static VAR compensators. // Third
International Conference on Power Electronics and
Variable-Speed Drives, (1988), pp. 444-447.

[6] Al Hamrani, M. M. Reactive power optimization using
adaptive excitation control of synchronous motors. Master
Thesis, Electrical and Computer Engineering, Oregon State
University, 2002.

[71 Jomes, L. D.; Blackwell, D. Energy Saver Power Factor
Controller for Synchronous Motors. / IEEE Transactions on
Power Apparatus and Systems. PAS-102, 5(1983), pp. 1391-
1394. DOI: 10.1109/TPAS.1983.318091

[8] Al Hamrani, M. M. Reactive Power Optimization Using
Adaptive Excitation Control of Synchronous Motors. Master
Thesis, Electrical and Computer Engineering, Oregon State
University, 2002.

[91 El-Bolok, H. M.; M. Masoud, E.; MahmoudM. M. A
microprocessor-based adaptive power factor corrector for
nonlinear loads. // IEEE Transactions on Industrial
Electronics. 37, 1(1990), pp. 77-81. DOI: 10.1109/41.45846

[10] Schaefer, R. C. Excitation Control of the Synchronous
Motor. // Industry Applications. IEEE Transactions. 35,
3(1999), pp. 694-702. DOI: 10.1109/28.767025

[11]J6zsa, L.; Petrovic, I.; Angebrandt, V.; Analysis of
possibilities of using series compensation for consequences
elimination of driving long transmission lines. / Technical
Gazette. 17, 4(2010), pp. 529-535.

[12] Stojkov, M.; Atic, M.; Softic, A. Application of fuzzy logic
for reactive power compensation by synchronous motors
with variable load. // Technical Gazette. 19, 4(2012), pp.
753-758.

Authors' addresses

Ercan Nurcan Yilmaz, Assoc. Prof. Dr.
Department of Electrical & Electronic Engineering,
Faculty of Technology, Gazi University,

06500, Teknikokullar, Ankara/Turkey

E-mail: enyilmaz@gazi.edu.tr

Olcay Aydin, Lecturer

Department of Control and Automation Technologies,
Turgutlu Vocational School, Celal Bayar University,
Turgutlu/Manisa/Turkey

E-mail: olcay.aydin@cbu.edu.tr

370

Technical Gazette 24, 2(2017), 363-370



	MICRO CONTROLLER AND COMPUTER BASED REACTIVE POWER COMPENSATION
	Kompenzacija jalove snage zasnovana na mikro regulatoru i računalu
	3 Design of reactive power compensation system
	4 Results of application and analysis
	424 Ω resistive and 700 mh inductive loads loaded application in the system.

	5 Conclusions and recommendations
	6 References
	[1] Kocabaş, E. Reactive power compensation and simulation, Master Thesis, Electrical and Electronics Engineering, Marmara University, İstanbul, 2006.
	[3] Zhou, Dao, et al. Reduced cost of reactive power in doubly fed induction generator wind turbine system with optimized grid filter. // IEEE Transactions on Power Electronics. 30, 10(2015), pp. 5581-5590. DOI: 10.1109/TPEL.2014.2374652
	[4] Miller, T. J. E. Reactive power control in electric systems. A Viley-Interscience Publication, New York, (1982), pp. 182-222.
	[5] El-Sadek, M. Z.; Fetih, N. H.; Abdelbar, F. N. Starting of induction motors by static VAR compensators. // Third International Conference on Power Electronics and Variable-Speed Drives, (1988), pp. 444-447.



<<

  /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 [595.276 841.890]

>> setpagedevice



