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Abstract — This paper presents a dual three-phase
topology of unified power quality conditioner (UPQC)
composed of two filters, a series active filter and a
parallel active filter, aimed to compensate both, the
current and voltage, harmonics and unbalance. Different
from conventional UPQC, the dual UPQC has the series
filter controlled as a sinusoidal current source and the
parallel filter controlled as a sinusoidal voltage source.
Therefore, the PWM controls of the dual UPQC deal with
a well known frequency spectrum, since it is controlled
using voltage and current sinusoidal references,
differently from the conventional UPQC which is
controlled using nonsinusoidal references. In this paper it
is presented the analog control project and some
experimental results of the developed prototype.

Keywords - Active Filters, Analog Controller, Power
Quality, Sinusoidal References, Unified Conditioner.

I. INTRODUCTION

The usage of power quality conditioner in the distribution
system network has increased during the past years due to the
steady increase of nonlinear loads connected to the electrical
grid. Because it drains current with high harmonic content,
the nonlinear loads distorts the voltage sourced by the utility
grid, it directly affects the behavior of other more sensitive
loads to this kind of distortion.

By using power quality conditioner it is possible to
guarantee sinusoidal, with low harmonic distortion, balanced
and regulated voltages to the load and at the same time to
drain from the utility grid undistorted currents, even if the
grid voltage and the load current have harmonic contents.

The unified power quality conditioners present a topology
consisted by two different filters, the series active filter and
the parallel active filter. The parallel active filter is usually
current controlled, which is responsible for compensating the
harmonic current of the load, while the series active filter is
voltage controlled, which is responsible for compensating the
grid voltage distortion [1-5]. In this case, the voltage and the
current the filters must compensate have harmonic contents
whose reference must also have harmonic contents, and these
references are obtained through complex methods.

Dias [6] presented a control technique with sinusoidal
references in order to find a solution for the complexity that
is the reference generation for these conditioners. The
reference generation works well but the leakage impedance
of the connection transformer interferes in the voltage

compensation generated by the series filter, since it is applied
to the distribution system network.

The article presented by Moran [7] in 1989, shows a dual
single-phase CSI line voltage conditioner where series active
filter is current controlled and the parallel active filter is
voltage controlled. In this way, the signals to be controlled
are sinusoidal and therefore the references are also
sinusoidal. Some authors have applied this idea in
Uninterruptable Power Supplies (UPS) [8-9], while others in
Unified Power Quality Conditioners (UPQC) [10], the latter
is highlighted by the work of Aredes [11], who presents a
three-phase unified power quality conditioner designated by
him iUPQC. The advantage of the iUPQC is that it works
only with sinusoidal references, although the control used
uses the p-q theory which makes the unified power quality
conditioner control complex, because it is necessary to
determine in real time the positive sequence components of
the voltages and of the currents.

The aim of this paper is to present a dual three-phase
unified power quality conditioner to be used in the
distribution system network using a simplified PWM analog
control; it will also present the control project, the power
flow in the structure, the pre-charge sequence used and the
experimental results obtained with a prototype.

II. PROPOSAL FOR A UNIFIED POWER QUALITY
CONDITIONER

The conventional UPQC structure is composed by a series
active filter and by a parallel active filter, as shown in Fig. 1.
In this configuration the series active filter is voltage
controlled in order to compensate the grid distortion,
allowing the load voltage to be consisted only by the
fundamental content. This way, the voltage compensated by
the series active filter is composed by a fundamental content
in order to compensate the sags/swells and the voltage
unbalance, and by the harmonics, the same harmonics which
are intended to compensate from the grid voltage, 180° phase
shifted.
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Fig. 1. Conventional Unified Power Quality Conditioner (UPQC).
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Fig. 2. Dual Unified Power Quality Conditioner (UPQC).

The parallel filter is current controlled and it is responsible
for draining the load current complementary harmonic
contents, allowing a sinusoidal grid current. The parallel
filter may still drain a fundamental content in order to
compensate the load displacement power factor.

The series filter connection to the utility grid is made
through a transformer, while the parallel filter is most of the
time connected directly to the load connection, in low
voltage grid applications.

The disadvantages of this unified power quality
conditioner are the following:
-Complex voltage and current control reference

generation;
- Voltage and current references with harmonic contents;
-The leakage impedance of the connection transformer
interferes in the voltage compensation generated by the
series filter.

In order to find a solution to these disadvantages the dual
UPQC is presented in this paper and shown in Fig. 2. It is
possible to see that the structures that form this unified power
quality conditioner are similar to the conventional UPQC,
diverging only from the way the series and parallel filters are
controlled.

In this dual topology the series active filter is current
controlled behaving as a current source which imposes a
sinusoidal input current synchronized with the grid voltage.
The parallel active filter behaves as a voltage source since it
is voltage controlled, imposing sinusoidal load voltage
synchronized with the grid voltage.

In this way, the UPQC control uses sinusoidal references
for both active filters. This is a major point to observe against
the classic topology since the only request of reference
generation is that it must be synchronized with the grid
voltage.

The series active filter acts as a high impedance for the
current harmonics. This filter indirectly compensates the load
voltage since the connection transformer voltage equals the
difference between the grid voltage and load voltage.
Therefore, all unbalance, sags/swells and harmonic voltages
are on the connection transformer. The voltage controlled
parallel filter indirectly compensates the grid current,
providing low impedance for harmonic load current.

The guarantee of the power factor compensation of the
structure is due to the imposed sinusoidal current
synchronized with the grid voltage, allowing the parallel
filter to supply the reactive power to the load, regulating the
load voltage as well. The active filters that form the structure
of the dual UPQC consist by four wire three-phase inverters
and it has a center tapped DC link shared by the two
inverters, as shown in Fig. 3. Both inverters have high

frequency filters on the output, although only the series filter
uses connection transformers. Table I shows the power and
control specifications of the dual UPQC.

III. CONTROL

The dual UPQC control structure consists in the
association of the parallel and series active filter control. The
series active filter consists in a current control loop in order
to guarantee a sinusoidal grid current and synchronized with
the grid voltage. The parallel filter has a voltage control loop
in order to allow a balanced, regulated, synchronized, with
low harmonic distortion voltage to the load. These control
loops are independent one from the other since they act
independently in each active filter. The DC link voltage
control is made by the current controlled active filter because
of the cascade control characteristics, where the voltage loop
gives the reference to the current loop, which works with
higher frequencies.

This way, the series active filter control strategy uses an
input current and a DC link voltage feedback, while the
parallel active filter control uses the load voltage feedback.

The control sinusoidal references are generated by a
digital signal processor, DSP, which guarantees the grid
voltage synchronism through the PLL circuit.

A. Series Active Filter Control

The series active filter controller consist of three identical
current feedback loops, one for each phase, in order to
control the input current, one voltage feedback loop to
control the DC link voltage and another one unbalanced-
voltage feedback loop to keep the voltage on the DC link
capacitors balanced.
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Fig. 3. Power circuit of the dual UPQC.

TABLE 1

Power and control specifications of the dual UPQC
Input Nominal
Phr;se-to-Neutral Voltage Vin=127Vrus
Output Nominal Power P=2500VA
Series Filter Inductance Ly=650uH
Parallel Filter Inductance L,,=650uH
DC Link Voltage V, =400V
DC Link Capacitance C,=3mF
High Frequency filter Capacitance Com 1uF
of the series active filter s
High Frequency filter Capacitance C..= 10uF
of the Parallel Active Filter i s
Switching Frequency of the Series
Active Fi%ter ! Y Jir=20KkHz
Switching Frequency of the
parallel AgctivélFiltez Jor=20kHz
Transformer Ratio n=1
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Fig. 4. Control block diagram of the series active filter controller.

The voltage control loop has a low response and
determines the reference signal amplitude of current
controller. In this way the higher the load power the higher
will be the DC Link consumption resulting in higher input
current amplitudes. The unbalanced-voltage control loop, is a
DC level loop, acts on the average reference value of the
current controller, in order to keep the DC link voltage
balanced. The current control consists of three identical
current loops, except for the 120 degrees phase shit from
each other. The current loops have a fast response, allowing
the decoupling of this with the voltage loop. The Fig. 4
shows the control block diagram of the series active filter
controller.

The current, voltage and unbalance-voltage control chosen
were PI controls with an additional pole, whose cutoff
frequencies are 5kHz, 4Hz and 0.5Hz, respectively. All
controls have phase margin between 30° e 90°. In order to
obtain a better phase margin and bigger high frequency
attenuation, this kind of controller was used duo to the
models characteristics which have a pole in the origin.

The current loop transfer function is given by

v, Hi,-Ki,

Gi, (s)= (1
i Ly-s Vmg,
The voltage loop transfer function is given by
3 m Hv,-Kv, -K,
Gy (s)==——L Y @)
2 C,-s Hi,
The unbalance-voltage transfer function is given by
3 Hd,-Kd,
Gd,(s) = L 3)
2:C,-s Hi,

Where:
C, -DC Link Capacitance;
Hdys - Unbalance-Voltage Sensor Gain;
Hii - Current Sensor Gain;
Hvg - Voltage Sensor Gain;
Kdy¢ - Unbalance-Voltage Control Attenuation;
Kig - Current Control Attenuation;
Kvg - Voltage Control Attenuation;
K, - Multiplier Gain;
Ly - Series Filter Inductance;

m, - Modulation Ratio;
V, - DC Link Voltage;
Vmy; - Pulse Width Modulator Gain.

The K,, gain is obtained considering the gain of the
multiplier integrated circuit used and the sinusoidal signal
peak value to be multiplied. The modulation ratio m, is the
relation between the output peak voltage of the series active
filter and the DC link voltage. The Vmy modulator gain
equals the inverse peak value of the triangular carrier.

The proposed controller transfer function is given by

c, - R-C,-s+1 @
R,-s-(C +C,)- R-G-G
C +C,

Each controller has a distinct gain, poles and zeros. The
current loop frequency response is shown in Fig. 5, while the
voltage and unbalance-voltage loops frequency response are
shown in Fig. 6 and Fig. 7, respectively. The proposed PI
controller with an additional pole is shown in Fig. §.
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Fig. 5. Current loop frequency response of the series active filter.
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Fig. 6. Voltage loop frequency response of the series active filter.
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active filter.
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Fig. 9. Control block diagram of the parallel active filter controller.

B. Parallel Active Filter Control

The parallel active filter controller is composed by three
identical voltage feedback loops, one for each phase, acting
on the error signal generated by comparing the load voltage
signal and a sinusoidal reference. The Fig. 9 shows the
control block diagram of the parallel active filter controller.

Duo to the circuit model characteristics which has no
poles in the origin and crosses the 0dB with a higher
inclination angle than 20dB/dec, the voltage control chosen
for the parallel active filter was a PID control with an
additional pole. The cutoff frequency is SkHz and the phase
margin is equal to 34°.

The voltage loop transfer function is given by

v,
Gy o) = s
7o s +
Cpf RL Lpf Cpf
Where:
Cp¢ - Output Capacitance of the parallel filter;

Hv,e - Voltage Sensor Gain;

Kv,¢ - Voltage Control Attenuation;

L,¢ - Parallel Filter Inductance;

V, - Output Voltage;

Vmy,; - Pulse Width Modulator Gain;

R; - Load Resistance.

The proposed PID controller with an additional pole is
shown in Fig. 10 and its transfer function is given by
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The voltage loop frequency response is shown in Fig. 11.
Cz R] CI
{} AN {
R; R;
Vie @&—A\\\ MWV -
Vﬂllf
Vre/= +

Fig. 10. Voltage controller for the active parallel filter.
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Fig. 12. Power flow of dual UPQC.

IV. POWER FLOW

The active power flow of the dual unified power quality
conditioner is shown in Fig. 12. In Fig. 12(a) the supply
voltage v, has a lower amplitude than the load voltage v;. In
this case, the series active filter supplies active power to the
load while the parallel active filter consumes active power. In
Fig. 12(b) the supply voltage v, has a higher amplitude than
the load voltage v,. In this case, the series active filter
consumes active power while the parallel active filter
supplies active power to the load.

The power drained from the electrical grid equals the sum
of the load power and the dual UPQC power losses.

V. PRE-CHARGE SEQUENCE

The pre-charge of the dual UPQC must happen without
changing the load voltage. In this way, the used pre-charge
sequence is shown in Fig. 13.
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Fig. 13. Pre-charge sequence of dual UPQC.

The pre-charge circuit has three contactors, K;, K, and
K2, and one In-Rush resistor, R, to limit the initial current.
The switches s, and sy, are used symbolically to show the
switching turning on time.

The K, and K, contactors are initially opened, while the
K, contactor is 1n1t1a11y closed and the switching of both
active filters is initially disable. The pre-charge sequence
starts when the contactor K;,; closes, providing the charge of
DC link capacitors through diodes present in the parallel
active filter structure. After 340ms, the switching of the
series active filter is enabled, raising the DC link voltage and,
after 1s, the K, contactor is opened. After 10ms the switching
of the parallel active filter is enabled, regulating the load
voltage. After 100ms the K, is closed, finishing the pre-
charge sequence. Fig. 14 presents the DC link voltage and
the load voltage during the pre-charge sequence of the dual
UPQC.

VI. EXPERIMENTAL RESULTS

A 2500W prototype was built in order to prove the dual
UPQC would succeed. The prototype is made by two
Semikron B6U+B6I+E1IF three-phase inverter modules in
addition to the passive filters made by capacitors and
inductors, according to Table I project specifications, and the
structures show in Fig. 3. Each module is made by three SK
45 GB 063 semiconductors and three SKHI 200p drivers.
The prototype is shown in Fig. 15.

In order to emulate a harmonic distorted current we used a
three-phase rectifier with capacitive filter as load, a single-
phase rectifier with RL load connected to the phase A and
another connected to the phase B, all rectifiers being
uncontrolled. The power drained by the load equals 1700W
due to the current limit of the transformers used in the dual

i

M

h+

L

-V

Fig. 14. Link DC voltages (50V/div, 250ms/div) and output voltage
(100V/div, 250ms/div) during pre-charge.



In order to emulate a distorted grid voltage and evaluate
the voltage distortion compensation, we used the UPQC
supplied by a power source able to provide voltage
harmonics. The power source represented a distorted source
with 20% of third harmonic in phase A, 10% of fifth
harmonic in phase B, and 10% of seventh harmonic in
phase C.

Fig. 16 shows the source voltage, the load voltage, the
source drained current, and the load current for the three
phases. It is possible to see that the source drained currents
are sinusoidal, balanced and synchronized with the source
voltage, allowing power factor be equal to 0.980, 0.994 and
0.994 for phases A, B, C respectively. The THDs of the load
currents equal 32.1%, 3.21% and 65.1%, while the source
drain currents have THDs equal to 1.06%, 1.80% and 1.34%.
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Fig. 16. Source and load voltages (100V/div, 5Sms/div), source and
load currents (10A/div, Sms/div).
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Fig. 17. Source voltages (40V/div, 2.5ms/div) and load voltages
(48V/div, 2.5ms/div).
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Fig. 18. DC link voltages (100V/div, 2.5ms/div).

Fig. 17 shows the source distorted voltage as well as the
load voltage already compensated. The THDs of the source
voltage equal 20.0%, 10.8% and 10.4% for phases A, B and
C, respectively, while the load voltages have THDs equal to
0.53%, 0.69% and 0.38%.

Fig. 18 shows the DC link voltages whose voltages are
controlled in 200V and -200V for each of the capacitor
banks.

The following figures show the dynamic response of the
dual UPQC. Fig. 19 shows the source voltages and the load
voltages during a voltage dip in phase A. Fig. 20 shows the
source voltage and the load voltage during a voltage swell.
During the voltage swell the source voltage amplitude
increases 20% and the dual UPQC guarantees the right
voltage to the load.

The load voltage and the load current are shown in Fig.
21 during a load step from 50% to 100%. Fig. 22 shows the
load voltage and the load current during a load step from
100% to 50%. Fig. 23 shows the DC link voltages and the
load current in phase A during a load step.

Fig. 24 shows the source currents during a fault in
phase A. It is possible to see that the source current in other
phases have the amplitudes increased in order to keep the
right voltages to the load.



Fig. 19. Source voltages and load voltages (100V/div, Sms/div)
during a voltage dip in phase A.

Fig. 20. Source voltages and load voltages (100V/div, Sms/div)
during a voltage swell.

Fig. 21. Load voltages (100V/div, Sms/div) and load currents
(5A/div, 5ms/div) during a load step from 50% to 100%.

Fig. 22. Load voltages (100V/div, S5ms/div) and load currents
(5A/div, Sms/div) during a load step from 100% to 50%.
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Fig. 23. DC link voltages (100V/div, 50ms/div) and load current
(5A/div, 50ms/div) during a load step from 100% to 50%.
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Fig. 24. Load voltages (100V/div, 10ms/div) and source currents
(5A/div, 10ms/div).
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VII. CONCLUSION

The results obtained with the dual UPQC showed that it is
able to compensate the nonlinear load currents and also
guarantee the sinusoidal voltage for the load in all the three
phases.

The main advantage of the dual UPQC against the
conventional structure is the utilization of sinusoidal
references for both series and parallel active filter controls.
The dual UPQC references do not have harmonic contents,
the only requirement is the synchronism with the grid
voltage. Another positive aspect of the dual UPQC in low
voltage applications (distribution system network) is the non
interference of the leakage impedance voltage of the series
active filter connection transformer in the load voltage
compensation.

The results validate the dual UPQC structure and its
control techniques, proving that the power quality can be
meaningfully better with a simple control method which uses
only sinusoidal references.

REFERENCES

[1] F. Kamran, T.G. Habetler, "Combined Deadbeat Control
of a Series-Parallel Converter Combination Used as a
Universal Power Filter", IEEE Transactions on Power
Electronics, vol. 13, no. 1, pp. 160-168, Jan 1998.

[2] H. Fujita and H. Akagi, "The Unified Power Quality
Conditioner: The Integration of Series and Shunt Active



(7]

Filters," IEEE Transactions on Power Electronics, vol.
13, no. 2, pp. 315-322, Mar 1998.

M. Aredes, K. Heumann, E. H. Watanabe, "An
Universal Active Power Line Conditioner", IEEE
Transactions on Power Delivery, Vol. 13, No. 2, pp.
545-551 Apr 1998.

R. Li, A.T. Johns, M.M. Elkateb, "Control concept of
Unified Power Line Conditioner", [EEE Power
Engineering Society Winter Meeting, vol. 4, pp. 2594-
2599, Aug 2000.

D. Graovac, V.A. Katic, A. Rufer, "Power Quality
Problems Compensation With Universal Power Quality
Conditioning System", [EEE Transactions on Power
Delivery, Vol. 22, No. 2, pp. 968-976, Apr 2007.

J. Dias, M. Mezaroba, C. Rech, L. Michels, T.D.C.
Busarello "Controle Digital Simplificado para um
Compensador Unificado de Qualidade de Energia",
XVIII Congresso Brasileiro de Automatica, pp. 2549-
2556, 2010.

S. Moran, “A Line Regulator/Conditioner for Harmonic-
Sensitive Load Isolation”, IEEE Transactions on
Industry Applications, pp. 947-951, Oct 1989.

(8]

F. Kamran, T. G. Habetler, "A Novel On-Line UPS with
Universal Filtering Capabilities," IEEE Transactions on
Power Electronics, vol. 13, no. 3, pp. 410-418, May
1998.

S. A. O. Silva, P. F. Donoso-Garcia, P. C. Cortizo, "A
Three-Phase Line-Interactive UPS System
Implementation With Series-Parallel Active Power-Line
Conditioning Capabilities," [EEE Transactions on
Industry Applications, vol. 38, no. 6, pp. 1581-1590,
Nov/Dec 2002.

[10]K. Dai, P. Liu, G. Wang, S. Duan, J. Chen, "Practical

Approaches and Novel Control Schemes for a Three-
Phase  Three-Wire  Series-Parallel =~ Compensated
Universal Power Quality Conditioner" Applied Power
Electronics Conference and Exposition, vol. 1, pp. 601-
606, Sep 2004.

[11]M. Aredes, R.M. Fernandes, “A Unified Power Quality

Conditioner with Voltage Sag/Swell Compensation
Capability”, Brazilian Power Electronics Conference,
pp- 218-224, 2009.




<<
  /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 <<
    /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.)
  >>
  /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


