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Abstract: This paper describes a three phase shunt active power filter with selective har-
monics elimination. The control algorithm is based on a digital filter bank. The moving
Discrete Fourier Transformation is used as an analysis filter bank. The correctness of the
algorithm has been verified by simulation and experimental research. The paper includes
exemplary results of current waveforms and their spectra from a three phase active power
filter.
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1. Introduction

Nowadays devices based on power electronics are major components commonly found
connected to power lines. Such devices as saturated transformers, arc furnaces and semicon-
ductor switches, and so on, draw non-sinusoidal current from the power line. As a result the
increasing number of power electronics devices with more and more nonlinear loads con-
nected to power lines makes the problem of harmonic compensation of power line current
increasingly important. Therefore a typical power distribution system has to deal with harmo-
nics and reactive power support. To suppress power line harmonics, an active power harmonic
compensator can be used, which is also called an active power filter (APF).

The APF can be connected in series or in parallel with the power line. The parallel com-
pensator (also called: a shunt APF and a current-fed APF) permits compensation of the harmo-
nics, reactive power and asymmetries of the line currents caused by nonlinear loads.

In the proposed solution the user can select which harmonics are the most crucial in the
active power filtration process. This is very important, especially when several APFs are
working in parallel or cascaded connection. Another application for such a filter is as a power
line harmonics resonance dumper.

The most commonly used filters in APF control circuits are such as: Discrete Fourier
Transformation (DFT), recursive DFT, synchronous individual harmonic d-g frame, ordinary
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band-pass IIR filters, repetitive control etc., in [1-3, 5-17, 18-20]. Proposed in the paper is an
alternative control circuit with filter bank in [11-14].

2. Active power filter

A simplified diagram of a three phase compensation circuit with shunt APF without feed-
back is shown in Figure 1. The APF has unity gain and was chosen because of its assured sta-
bility in use. The shunt APF injects AC power current ic(f) to cancel out power line AC har-
monics content. The resulting line current iy(¢) is the difference between the load current i\ (¢)
and the compensating current ic(¢)

i () =i, (¢)—ic(2). 0]
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Fig. 1. Three phase active power filter compensation circuit
In the case of full compensation of reactive power and harmonics, the compensation cur-
rent can be determined by
ic(t) =i (t)— Iy, sinQ27z fut +@um), )

where: Iy — amplitude of first harmonic, fiy — frequency of first harmonic, ¢y — phase angle
of first harmonic.
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However, in the case of elimination of selective harmonics in the line current, the value of the
compensation current is the sum of selected harmonics, which can be determined by the equation

N
ic(t):zlksin(zﬂkat+¢k), (3)
k=2

where: I, — amplitude of k™ harmonic, kfy — frequency of k™ harmonic, ¢, — phase angle of k™
harmonic.

3. The filter banks

The general form of the N-channel filter banks is shown in Figure 2, where N is the num-
ber of subbands. Problems related to the design of the filter banks are widely described, for
example in [4, 18, 14]. Analysis filter banks decompose signal spectra into a N of directly ad-
jacent frequency bands and recombine the signal spectra by means of synthesis filter banks.
The output signal of filter banks Y(z) can be calculated by the equation

N-1

Y(z)=X(2)) Hi(2)Gi(2), @

=0
It is possible to simplify this equation to
Y(z)=F(2)X(2), )

where F(z) denotes the quality of signal reconstruction. The typical frequency responses of
N-channel uniform band analysis and synthesis filter banks are shown in Figure 3.
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Fig. 2. An N-channel uniform band analysis and synthesis filter bank

\i

Y

Magnitude
H(z) Hiz) Hy(2) Hya@  Hyi2)
FIQN)  24/2N) (N-2F/AN) - (N-DEQN) £2

Frequency

Fig. 3. A typical frequency response of N-channel uniform band analysis and synthesis filter banks
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4. The control algorithm

A block diagram of a digital control circuit for a three phase APF is depicted in Figure 4.
The control circuit is shown for one phase. In the block diagram, the voltage controller for the
capacitors C; and C, (Fig. 1) is omitted for simplicity. Analog signals are converted to digital
form by 16-bit A/D converters with simultaneous sampling. The circuit uses a coherent sampl-
ing frequency of f; = 51.2 kHz, generated by a phase-lock loop circuit (PLL) synchronized
with the power network voltage uy (7).

As the current controller, a digital version of a hysteresis controller is used. The advantage
of the controller is its simplicity and excellent dynamic properties. The output inverter consists
of an LCR filter for suppressing modulation components. The author is aware that the use of
the LCL filter would be much better, but at the time of the research the author had at his
disposal only an APF with an LCR filter. In the future it is planned to modify the APF output
circuit in order to apply an LCL filter.
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Fig. 4. Simplified block diagram of control circuit for harmonics compensator

The digital analysis filter bank is used for harmonics detection [11-13]. A simple summing
block is used in the control circuit as a synthesis filter bank. The analysis filter bank is based
on a Fourier series, also called moving DFT (MDFT) [8].

The distorted load current can be approximated by

i(n)= 1o+ ilk (n)sin(2zkn/N + @, (n)) =
) (6)

~ 1o+ (4s cos(ekn/N)+ B, sin(2kn/N)

k=1

where: [, — amplitude of 4-th harmonic.
The value of time varying coefficient A,(n) and By(n) can be calculated by
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Ao(n)= % 3 (i(m)sin(2km/N)
m=n—N+1
@)
Be(n) ==Y (i(m)cos(2km/N))
N m=n—N+1
and in the recursive form
A(n)= A (n—1)+ %(i(n) —i(n—N))sin(2zkn/N)
5 (®)
Bi(n)=Bi(n-1)+ W(i(n) —i(n—N))cos(2zkn/N).
Finally the k-th component is determined by
iv(n)= 4, (n)sin(Qzkn/N)+ B, (n)cos(2zkn/N). )

A block diagram of a MDFT analysis filter bank for one component is depicted in Figure 5.

sin (21; 1nkiN)

l 2N

x(n-N)

cos(2nnk/N)

Fig. 5. Block diagram of MDFT filter

A frequency response of such a filter for k = 1, N =256 and f; = 50-N = 12.8 kHz is shown
in Figure 6. In this case for a frequency of 50 Hz, the gain is equal to 1, and the phase shift is

equal to 0 (Fig. 6).

As with all filter banks based on the DFT algorithm, the circuit does not have very good
filtration properties and it is better suited for harmonic filtering in systems with coherent

sampling. Therefore phase-locked loop circuit (PLL) should be used.

A block diagram of a simplified circuit for 5™ harmonic compensation is depicted in Figu-
re 7. In the circuit the MDFT filter from Figure 5 is used as a 5™ harmonic detector. The simu-

lation parameters are: k=5, N =256, f;=50-N = 12800 Hz.
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Fig. 6. Frequency response of MDEFT filter for k=1 (50 Hz): a) magnitude — pass-band,
b) magnitude, c) phase
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Fig. 7. Block diagram of simplified circuit for 5™ harmonic compensation

Simulation studies have been performed on the presented circuit. The circuit input signal
ir(n) is a sinusoidal signal with a unitary amplitude and frequency of 50 Hz. To this signal the
5™ harmonic (a sinusoidal signal with 0.35 amplitude and frequency 250 Hz) is added for
a time equal to three periods of the first harmonic. The results of such a simulation are shown
in Figure 8, where there are presented waveforms of currents: i; (¢), ic(¢), im(?). The analysis of
line current waveform iy(#) shows that the response time for such a circuit is equal to 20 ms
(one period of line voltage).
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Fig. 8. Waveforms of simplified compensation circuit in transition state
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Fig. 9. Block diagram of four channel MDFT filter bank for £ = {5; 7; 11; 13} harmonics
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5. Simulation of compensation circuit

Using the MDFT filter shown in Figure 5 it is possible to build an analysis filter bank for
selected components. A block diagram of a four channel MDFT analysis filter bank for
k={5;7; 11; 13} harmonics is depicted in Figure 9. An analysis filter bank consists of a com-
mon comb filter on the input and the four branches. The frequency response of such a circuit
is depicted in Figure 10. Simulation studies on the control system shown in Figure 4 have been
carried out for a three phase APF compensation circuit. The simulation circuit block diagram
is shown in Figure 11, in which the circuit output inverter was simulated by voltage controlled
current sources. The simulation results of such a compensation circuit (Fig. 11) for orthogonal
load currents are shown in Figure 12, which presents waveform currents and their amplitude
spectra. Compensation of the selected harmonics has occurred, as predicted.

In order to further validate the operation of the compensation circuit, additional simulation
studies on a thyristor power controller with resistive loads were also carried out. The results of
such simulation are depicted in Figure 13. Measured values of currents i\ (), ic(f), im(¢) for
selected harmonics are shown in Table 1. Based on the simulation results it can be concluded
that the compensation of selected harmonics is successful.
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Fig. 10. Frequency response of four channel MDEFT filter bank for £ = {5; 7; 11; 13} harmonics
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Fig. 11. Block diagram of simulation circuit of APF compensation circuit with MDFT selective
harmonics compensation for k = {5; 7; 11; 13}
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Fig. 12. Simulation results of APF with MDFT selective harmonics compensation for k= {5; 7; 11; 13},
for orthogonal load currents: a) waveforms, b) spectra
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Fig. 13. Simulation results of APF with MDFT selective harmonics compensation for k= {5; 7; 11; 13},
for power controller with resistive loads: a) waveforms, b) spectra

Table 1. Value of currents 7 (), ic(¢) and iy(?) for selected harmonics

f[Hz] 50 | 250 | 350 | 550 | 650 | 850 | 950
I (jo)| [A] 3972 | 981 5.16| 3.85| 3.01 | 3.35| 2.14
(o)l [A] 0 | 981 516| 385| 3.01| 0 0
IIv(jo)| [A] 3972 0 0 0 0 | 235 2.14
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6. Experimental test results

In order to fully verify the proposed selective harmonic elimination algorithm, experimen-
tal studies were carried out too. For this purpose, the compensation circuit shown in Figure 1
and 4 is used. The system parameters are shown in Table 2.

Table 2. Value of experimental circuit parameters

Parameter

Lc

Ry

Ce

Rc

Cl7 CZ

S

Value

1.6 mH

7Q

3 uF

10 Q

2.8 mF

51.2kHz

The experimental results of such a compensation circuit (Fig. 1) are shown in Figure 14,
which presents waveform and their amplitude spectra of currents i1 (?), ic(f) and iy(f). Me-
asured values of currents iy (7), ic(¢), im(¢) for selected harmonics are shown in Table 3. To deal
with the insufficient resolution of today's digital oscilloscopes (typically 8-bit) the author
deployed a 16-bit A/D converter with coherent sampling frequency for current measurement.

Table 3. Value of currents i1 (?), ic(¢) and iy(¢) for selected harmonics

f[Hz] 50 250 | 350 | 550 | 650 | 850 | 950
IL(jw)| [A] 3857 | 9.44 | 49 | 3.66| 2.8 2.2 1.94
c(jo)| [A] 0.04 | 9.44| 496| 3.67| 276 | 0O 0
Im(jo)| [A] 3894 | 0.42 | 039] 043 0 2.2 1.96
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Fig. 14. Experimental results of APF compensation circuit with MDFT selective harmonics compen-
sation for k= {5; 7; 11; 13}, for power controller with resistive load: a) waveforms, b) spectra

Compensation of selected harmonics has occurred, as predicted, though with incomplete
suppression. This phenomenon is caused by dynamic distortions introduced by the APF output
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circuit. These distortions are caused by a too low slew rate of the APF output (compensating)
currents. The methods for elimination of such distortions are described in publications
[9, 10-14].

7. Conclusion

As confirmed by the results of simulation and experimental research, the presented algo-
rithm is highly suitable for selective harmonics compensation. Two big advantages of this
algorithm are the low workload for the processor and the fast impulse response equal to 20 ms
for a 50 Hz line frequency. As with all algorithms based on DFT, coherent sampling is re-
quired, thus the sampling process and control circuit should be synchronized with the power
line using the PLL circuit.

The presented algorithm should also be useful for power grid resonance frequency active
damping.

Further research on the considered APF will be focussed on a modification by adding
a LCL output filter. In the next step it is planned to modify the considered APF by replacing
the filter output LCR with a LCL filter. This will reduce the modulation components.

References

[1] Asiminoaei L., Blaabjerg F., Hansen S., Detection is Key — Harmonic Detection Methods for Active
Power Filter Applications. IEEE Industry Applications Magazine 13(4): 22-33 (2007).

[2] Akagi H., Watanabe E.H., Aredes M., Instantaneous Power theory and Applications to Power Con-
ditioning. Wiley-Interscience a John Wiley & Sons, Inc. (2007).

[3] Casaravilla G. et al., Selective Active Filter with Optimum Remote Harmonic Distortion Control.
IEEE Transactions On Power Delivery 19(4): 1990-1997 (2004).

[4] Flige N., Multirate Digital Signal Processing. John Wiley & Sons, (1994).

[5] Lascu C., Asiminoaei L., Boldea 1., Blaabjerg F., Frequency Response Analysis of Current Control-
lers for Selective Harmonic Compensation in Active Power Filters. IEEE Transactions on Industrial
Electronics 56(2): 337-347 (2009).

[6] Mattavelli P., Marafao F., Repetitive-Based Control for Selective Harmonic Compensation in Active
Power Filters. IEEE Transactions on Industrial Electronics 51(5): 1018-1024 (2004).

[7] Miret J. et al., Selective Harmonic-Compensation Control for Single-Phase Active Power Filter with
High Harmonic Rejection. IEEE Transactions on Industrial Electronics 56(8): 3117-3127 (2009).

[8] Nakajima T., Masada E., An Active Power Filter with Monitoring of Harmonic Spectrum, Proc.
European Conference on Power Electronics and Applications EPE, Aachen, pp. 128-133 (1989).

[9] Routimo M., Developing a Voltage-Source Shunt Active Power Filter for Improving Power Quality.
PhD thesis, Tampere University of Technology (2008).

[10] Singh B., Verma V., Selective Compensation of Power-Quality Problems Through Active Power
Filter by Current Decomposition. IEEE Transactions on Power Delivery 23(2): 792-799 (2008).

[11] Sozanski K., Selective Harmonics Compensator, Proc. International School on Nonsinusoidal Cur-
rents and Compensation. Conf. Proc. ISNCC 2013: 11th Conference — Seminar, Zielona Gora,
Poland, pp. 1-4 (2013).

[12] Sozanski K., Strzelecki R., 4 Filter Bank Solution for Active Power Filter Control Algorithms.
Conf. Proc. IEEE 34th Annual Power Electronics Specialists Conference, PESC ’03, Acapulco,
Mexico, pp. 1015-1019 (2003).



www.czasopisma.pan.pl P N www.journals.pan.pl

N

44 K. Sozarnski Arch. Elect. Eng.

[13] Sozanski K., Realization of a Digital Control Algorithm. [in:] Benysek G., Pasko M. (eds.) Power
Theories for Improved Power Quality. Springer-Verlag, London (2012).

[14] Sozanski K., Digital Signal Processing in Power Electronics Control Circuits. Springer-Verlag,
London (2013).

[15]Sun J., et al., High-reliability and Harmonic-sharing Dual Parallel Topology for Active Power
Filter. Proc. 2nd IEEE International Symposium on Power Electronics for Distributed Generation
Systems (PEDG), Hefei, China, pp. 240-245 (2010).

[16] Sun X., Zeng J., Chen Z., Site Selection Strategy of Single-Frequency Tuned R-APF for Background
Harmonic Voltage Damping in Power Systems. IEEE Transactions On Power Electronics 28(1):
135-143 (2013).

[17] Tao G., Menglu W, Jianyan S., Selective Harmonic Compensation Scheme for Active Power Filters
using Generalized Predictive Control. Proc. The 26th Chinese Control and Decision Conference
(2014 CCDC), Changsha, pp. 4753-4757 (2014).

[18] Vaidyanathan P., Multirate Systems and Filter Banks. Prentice Hall Inc., Engelwood Cliffs, New
Jersey (1992).

[19] Yepes A. et al., Harmonic Identification Algorithms Based on DCT for Power Quality Applications.
ETRI Journal 32(1): 33-43 (2010).

[20] Wang X., Pang Y., Loh P., Blaabjerg F., A4 Series-LC-Filtered Active Damper With Grid Distur-
bance Rejection for AC Power-Electronics-Based Power Systems. IEEE Transactions on Power
Electronics 30(8): 4037-4041 (2015).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


